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EXECUTIVE SUMMARY 

In this report, an analysis was made of the measurement accuracy of the main surface water inflows and 

outflows from the Imperial Valley and the Imperial Irrigation District (I11)) canal system. These 

measurement sites include; the All American Canal (AAC) at Pilot Knob, the heading of the Coachella 

Canal, and the Alamo and New River flows at the Mexican border and at their outlet into the Salton Sea 

The accuracy of measurements at these sites is important for other studies on the use and consumption of 

water within the Imperial Valley. 

Records for the AAC at Pilot Knob and for the Alamo and New River outlets to the Salton Sea were 

examined for the years 1994 through 1996. A detailed analysis of these records was performed to 

determine the influence of various potential error sources on the annual volumes reported. In addition, a 

series of vertical velocity profiles were measured at the Alamo and New River outlets to verify the accuacy 

of IID current-metering procedures. No new field measurements were taken at the Alamo and New River 

measurement sites at the Mexican Border. 

For the Coachella Canal flume, the original flume calibration was examined in detail, and compared with 

handbook calibration tables. Site visits were conducted both during dry-up and while water was flowing 

to identify any potential problems with the calibration. A bubble curtain was used to determine the 

approach velicity profile. A series of vertical profiles were taken to verify the original calibration.  

Based on historic records and the additional field data collected, we estimated the accuracy of flow 

measurements at each of these sites using standard statistical procedures as recommended by the US 

Geological Survey. Based on this analysis, the accuracy of annual volumes passing these sites is given in 

the following table, in terms of the 95% confidence interval (CI). Individual flow measurements may be 

considerably more in error. 

Site 1 95% Confidence Interval for Annual Volume 

All-American Canal at Pilot Knob 

Coachella Canal 

New River at Mexican boundary 

Alamo River at Salton Sea outlet 

New River at Salton Sea outlet 

t 2.0% 

±2.4% 

t 4.1% 

±2.2% 

f 2.1% 
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Several important observations and recommendations were made as a result of this study. These can be 

summarized as: 

1. Because the gauging station on the All-American Canal at Pilot Knob and the radial gates are so 

hydraulically stable, it is probably unnecessary to apply the correctional shift to their discharge 

calculations. 

2. Although the calibration of the 50-foot Parshall flume at the heading of the Coachella Canal is 8-20% 

off of standard published values, it is felt that this calibration is accurate and correct. The non-  

standard transition between the main channel and the Parshall flume may be the reason for this 5 C 

discrepancy. \rA"PA 
3. The New River at the boundary has the worst estimate for the 95% confidence interval for annual 

volume. This is a result of the decreased accuracy of the current meterings due to the soft and muddy 

channel bed and shallow water depths in the New River at the boundary. The small number of 

current meterings performed on the New River at the boundary also contributes to the decreased 

accuracy. 

4. For a large portion of the time in 1995, the Imperial Irrigation District relied heavily on the acoustic 

velocity meter instead of current metering on the Alamo River at the outlet. There was no statistical 

difference between the current metering and acoustic velocity meter readings during this time period. 

5. Both the Alamo and New Rivers at the outlet are subject to cycles of sediment aggradation and bed 

degradation. Because these channel beds are not hydraulically stable, the Imperial Irrigation District 

must continue to use their stage shifts in order for their stage-discharge relationships to work. 

6. Although the New River at the outlet has a highly irregular cross-section, it had a better estimate of 

the 95% confidence interval for annual volume than the Alamo River at the outlet. These good 

confidence interval values for the New River at the outlet Is due to two reasons. First, the large 

number of current meterings performed in a given year almost eliminates the increased random error 

due to the distorted velocity profiles. Second, the stage-discharge relationship for the New River at 

the outlet is almost linear and there is very little error introduced due to integration over time. 

7. IlD should develop a new stage-discharge relationship for the Alamo River at the boundary because 

the current relationship is more linear than the one they are using. A new stage-discharge 

relationship would reduce the error due to integration over time and improve the estimate of the 95% 

confidence interval for annual volume. 
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INTRODUCTION 

The Colorado River is 1,400 miles long and its watershed covers 157 million acres of land. The river 

produces approximately 14 million acre-feet of water per year. The river's water supply is currently over-

allocated, due to an inaccurate historical estimate of river flows and a treaty to provide Mexico with a 

share of the river. The Lower Colorado River provides water to the lower4)asin states of California, 

Arizona, and Nevada and to Mexico for a variety of water uses, the largest of which are irrigation of 

agricultural crops and urban water use. Because of the high demand for Colorado River water in the 

lower-basin states, water conservation is receiving a higher priority. However, it is often difficult to 

determine the most appropriate water conservation technologies to apply without a thorough 

understanding of the various uses of water and its disposition. Accurate measurement of water is a key 

component in water conservation efforts since it helps to identify water that can potentially be conserved. 

Determining the accuracy of water meters and metering stations is an integral part of water conservation 

efforts. 

The Imperial Irrigation District (IID) is located in the Imperial Valley in southern California. A 

schematic diagram of IID can be seen in Figure 1. Colorado River water enters the IID through the All-

American Canal. The flow in this canal is current metered at the Pilot Knob gauging station. Before the 

water reaches IID, some of it is diverted to the Coachella Valley through the concrete-lined Coachella 

Canal. The flow rate in this canal is measured using a 50-foot Parshall flume. The remaining water is 

then distributed throughout IID along the East Highline Canal, the Central Main Canal, and the Westside 

Main Canal. Most of the irrigation runoff and deep percolation enters either the Alamo River or the New 

River. These rivers drain directly into the Salton Sea. Water also enters IID from Mexico through the 

Alamo and New Rivers. Current metering techniques are used on the Alamo and New Rivers at the outlet 

to the Sea and at the New River near the Mexican border or boundary. The-flow at the Alamo River_ at the 

Mexican border is usually negligible and is measured using a sharp-crested weir. 

III) is interested in water conservation measures. While some significant water conservation efforts have 

taken place, the volume of water flowing to the Sea is still on the order of one million acre-feet per year. 

Understanding the source of the water flowing into the sea is important for identifying water conservation 

opportunities. Knowledge of the accuracy of the major measurement sites within IID is important for this 

understanding. The purpose of this study is to estimate the random and systematic errors for individual 

flow measurements at five key sites in IDs. From these individual error measurements, an estimate of the 

random and systematic errors for the total volume that passes through these sites are determined. These 

sites are: the All-American Canal at Pilot Knob, the 50-foot Parshall flume at the entrance to the 
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Figure 1. Schematic diagram of the Imperial Irrigation District 

CURRENT METERING METHODOLOGY 

Current metering is a velocity-area method for determining the discharge in open channels. The entire 

cross-section of the channel is divided into a number of verticals or sections. The depth of flow is 

measured in the center of each one of these verticals. The velocity of flow is also measured at one or two 

points in the vertical and the average velocity for the vertical is determined from these measurements. 

The discharge is the sum of the products of the mean velocity, depth, and width between the verticals 

(Herschy, 1985). 

The larger the number of verticals, the more accurate the flow measurement. The US Geological Survey 

(USGS) recommends that an open channel be divided into at least 20 verticals (Sauer and Meyer, 1992). 

The (vertical spacmgmay be based on the following criteria: equidistant, segments of equal flow, or bed 

profile (Herschy, 1985). Usually, the vertical spacing is based on segments of equal flow with each 

segment having no more than 4% to 6% of the total flow. 
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The velocity in each vertical is measured using a current meter. Current meters consist of a rotor and a 

stabilizing fin. As the water flows by the meter, the rotor spins. The velocity of the flow is related to how 

fast the rotor spins. The stabilizing fin is used to always keeps the current meter facing into the flow. To 

measure the velocity, the 0.2/0.8 and 0.6 methods are the most popular. The 0.2/0.8 method measures the 

velocity at two points: one at 0.2 of the depth below the water surface and the other at 0.8 of the depth 

below the water surface. The average velocity in the vertical is simply the average of these two readings. 

The 0.6 method measures the velocity at a point 0.6 of the depth below the water surface. This one 

measurement is assumed to be the average velocity for the vertical. The 0.2/0.8 method is more accurate 

Q
than the 0.6 method.  

D ACCURACY OF FLOW AND VOLUME MEASUREMENTS 

Random and Systematic Errors 

Any measurement of the flow rate or volume will have a certain amount of uncertainty associated with it 

regardless of measurement method used. This uncertainty has both random and systematic components. 

Random errors are generally assumed to be normally distributed. The impact of random errors on a 

measurement can be reduced if numerous measurements are taken because the random errors approach 

zero if the sample size beeLse-large. This is not the case for systematic errors. Systematic errors cause 

the measurement to be off by the same fixed amount every time the measurement is made. Repeated 

measurements will not reduce the impact of systematic errors. Sometimes it is assumed that the 

systematic errors are constant for one instrument but vary among different instruments. Thus, if a 

measurement is made with many different instruments, the systematic error can be treated as a normally 

distributed random error. 

Confidence intervals are a standard statistical method in determining the uncertainty of a single 

measurement. A confidence interval defines the range in which we would expect to find the value of the 

parameter of interest. For example, a 95% confidence interval defines a range for a parameter within 

which we are 95% certain that the true value of that parameter lies. Here, the 95% confidence interval 

(CI) is defined as t2 standard deviations, regardless of the distribution type. For a normal distribution, 

this is a good approximation. For distributions other than normal, t2 standard deviations will represent 

represent a confidence interval slightly different than 95%. 

ri 
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The coefficient of variation (Cif is a dimensionless measure of the relative variation or accuracy of a 
1UUJ 

cement. The coefficient of variation is defined as the standard deviation of the measurement, s, 

divided by the expected value of the measurement, m. 

CV = — 
m 
S (1) 

The total error of an individual measurement is composed of a random component and a systematic, or 

bias, component. 

CV = VCV2 + CVb 
2j 

(2) 

where CV is the total coefficient of variation (or relative uncertainty) for an individual measurement, CV, 

is the total random error of an individual measurement, and CVb  is the total bias of an individual 

measurement. 

The 95% confidence interval can be expressed in terms of the coefficient of variation. 

CI =±2CV tA ~t~x~ ~J (3) 

The errors in measuring the flow rate or volume can include errors in the device calibration, errors in 

reading; errors in installation or zeroing, etc. These errors can either be systematic or random. In most of 

the sites of interest in tID, the flow rate is measured using current metering techniques. Sauer and Meyer 

(1992) have developed a methodology for estimating the random and systematic components of the 

uncertainty in current metering. The other errors mentioned need to be evaluated on a site-by-site basis. 

Uncertainty of Individual Current Meter Measurements 

According to Sauer and Meyer (1992), the total uncertainty in an individual current meter measurement 

can be expressed as: 

CV _ 
CV, + CVt 

+ CV 2  + CV 2  + CV 2  + CV 2  + CV 2  + CV 2  + CV 2  
q N t s N v sb sd so 

(4) 
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where CV,, is the coefficient of variation, or relative error, for an individual measurement of discharge,,-

CVd  is the error caused by depth measurements, CVt  is the error due to the pulsation of velocity, CV;  is the 

systematic error due to the current meter itself, CV, is the error due to the vertical distribution of flow, CVO, 

is the error caused by oblique flow (flow not perpendicular to the measurement section), CT~ is the error 

caused by the horizontal distribution of depth and velocity, CV,b  is the systematic error for the width, CV,d  

is the systematic error for the depth, CV,,, is the systematic error for the velocity, and N is the number of 

vertical profiles. These coefficient of variations are all at the 68% level of significance (i.e., one standard 

deviation). 

All of these errors are considered random except for CVr, CV,b, CV,d, and CV,,,. These four errors are 

considered to be systematic, or bias, errors. Sauer and Meyer (1992) recommend using values of 0.5% for 

CV,b, CV,d, and CVO.. The instrument error, CV;, has both a random and systematic component. 

However, since the same current meter is generally used throughout a discharge measurement, the 

systematic component becomes dominant (Sauer and Meyer, 1992). Current meters can have either an 

individual or standard calibration. A current meter with an individual calibration should have a lower 

CV;  than a meter with a standard calibration. However, the USGS no longer recommends using 

individual current meter calibrations. Instead, it recommends using standard calibrations. This is 

possible because current meters can be built to smaller tolerances now than they could in years past. Also, 

Smoot and Carter (1968) found no significant differences between individually and standard rated meters. 

Sauer and Meyer (1992) recommend using the following equation for CV;  for a Price AA current meter in 

the velocity range of 0.1 to 2.3 fps: 

CV 
= 0.7 (5) 

e 
V 

where v is the velocity in fps. For velocities greater than 2.3 fps, CV;  has a constant value of 0.3%. 

This means that the total bias for a given stream gauging, CVbq, can be expressed as: 

0.7) 
z (6) 

CVO  _ ( 
V 

+0.52  +0.52  +0.52  = 
0.2 

+0.75 
V v 

The rest of the terms in Equation ( 4 ) are random errors. The value of CVd  depends on how the depth is 

measured. RID uses cable and weight soundings to measure the depth of water. For this method, Sauer 
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and Meyer (1992) recommend using a CVd  value of 2% for flow depths greater than 3 feet and streambeds 

that are stable. It was assumed that the Coachella Canal and the All-American Canal have stable . - . 
"5 

 ~+ ~  T `  4i +s ~`~^"~ 

streambeds. For soft streambeds (i.e., lots of silt, mud, and muck), the uncertainty will be greater than 2% 

because the sounding weight has a tendency to sink in the mud. Both the Alamo and New Rivers were 

assumed to have soft streambeds. In this case, if the flow depth is greater than 3 feet, Sauer and Meyer 

(1992) recommend the following equation for CVd: 

30l CVd =21+(~I 
(7) 

where D is the depth of flow in feet. Because each vertical in the current metering can have a different 

depth, the hydraulic depth was used as the average value for D in Equation ( 7 ). 

CV, is the error introduced from the pulsations that occur in natural rivers and streams. The value of CV, 

depends on the time the current meter is exposed to the flow, t, and the method of current metering used 

(i.e., 0.2/0.8 method or 0.6 method). Sauer and Meyer (1992) give the following equation for CV, for the 

0.6 method: 

CVt  =16.6t-0'2s (8) 

where t is the time of exposure in seconds. For the 0.2/0.8 method, their equation for CVt  is: 

CVt  =16.0t-0.36 (9) 

Because each velocity measurement in a current metering can have a different value of t, the average 

value of t was used to calculate CV, for an individual current metering. 

The velocity distribution for a given vertical will not always be similar to the distributions assumed by the 

0.2/0.8 or 0.6 method. CV, is an estimate of the error that is introduced when only one or two velocity 

points are used to estimate the average velocity in a vertical. Sauer and Meyer (1992) give the following 

equation for the error in the vertical velocity distribution over an entire cross section: 
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CVa 
— 

CV„ 1 + (N —1) p (lo ) 

where  CV, is the standard error in percent (or coefficient of variation) of the ratio of the measured 

average velocity to the actual average velocity in a single vertical, N is the number of verticals, and p is 

the average correlation coefficient for a cross-section (which is defined to be p = 0.04). Carter and 

Anderson (1963) analyzed 1,800 full velocity profiles from over 100 different gauging stations in order to 

estimate the value of CVO. For the 0.6 method, they found CV„ to be equal to 11.2% while for the 0.2/0.8 

method, they found CV„ to be equal to 4.3%. CV, for the 0.6 method can then be represented by the 

following equation: 

CV, = 1N4+5.02 

For the 0.2/0.8 method, CV, can be represented as: 

CV, =  17.75 
  +0-74 

(12) 

Additional error is introduced into the current metering if there is oblique flow, or flow that is not 

perpendicular to the measurement section. It was assumed that none of the five sites had oblique flow, so 

CV,, has a value of zero for all the uncertainty calculations. 

CV,, is the error associated with the horizontal distribution of depth and velocity across a vertical as well 

as the method used to compute flow between consecutive verticals. Sauer and Meyer (1992) estimate this 

error to be: 

CV,, = 32N-0'" (13) 

Because CVI, = 0, the total random error for an individual current metering, CV,9, can then be estimated 

as: 
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" 2 

CV,q  = 
CV1 

(—Nit 
 + CV; + CVD 

~3 Ica C 
(14 ) 

Uncertainty in Measured Volumes 

The total volume that passes through a given site over a time period T can be expressed by the following 

equation: 

Vt  = Atz Qi 
i=1 

(15) 

where V, is the total volume for time period T, At is the time increment (e.g., one day), Q;  is the average 

flow rate at time increment i, and n is the number of flow measurements in time period T. 

Assuming there is no error in the time interval, the uncertainty in the total volume measurement can be 

expressed as: 

CVO = CVe + ~'nz CVO 
( 16 ) 

mV 

where CVO  is the uncertainty of the total volume measurement, CVb  is the bias in individual flow 

measurements, CV,;  is the random error in individual flow measurement i, mi  is the expected value of flow 

measurement i, and m, is the expected value of the sum of all n flow measurements. 

If all the values of CV, and CVb  are equal, then the uncertainty for the total volume would become: 

z 
CVY =CVe  + CV, 

n 

For this study, the uncertainty in the total volume that flows through a given site will be expressed in 

terms of a 95% confidence interval (2 standard deviations). In this case, the confidence interval for the 

total volume (Clv) can be expressed in terms of the coefficient of variation as follows: 

Draft-07/03/97 8 

(17) 



Clv  = f2CVv (18 ) 

EXISTING MEASUREMENT METHODS 

Summary of IID's Current Metering Techniques 

Because of the distance between the All-American Canal (AAC) at Pilot Knob and the rest of the district, 

IID operates two different hydrography units. One unit is stationed at the Imperial Dam and current 

meters the AAC at Pilot Knob. The other group is stationed at HID headquarters and current meters the 

Alamo and New Rivers at the outlet to the Salton Sea. Stream gaugings from the USGS at Santee, CA, 
I 

are used to estimate the flow in New River at the Mexican border. 

The hydrographers appear to follow the USGS guidelines for current metering and keep their equipment 

in excellent condition. No bias due to hydrographers or equipment should be introduced into the system. 

IID uses a single current meter to gauge both the Alamo and New Rivers and three different current 

meters to gauge the AAC at Pilot Knob. The hydrographers perform frequent spin tests to ensure that the 

current metes fmictioning properly. The USGS no longer recommends individual calibrations of the 

current meters. If a cup on the current meter is dented or damaged, the whole cup assembly is removed 

and replaced with a new standardized cup set. These current meters are no longer individually calibrated 

by an outside source. 

All-American Canal at Pilot Knob 

The All-American Canal (AAC) below Pilot Knob is current metered about once a week. There is an 

acoustic velocity meter (AVM) there; however, this device is used just as a check on the current metering. 

The Pilot Knob current metering station is in a good location. It is located about a quarter of a mile 

downstream of seven 18-foot wide radial gates and just before a bend in the canal. The approach channel 

is straight and there is no noticeable debris or vegetation to obstruct the flow. The canal bed is very 

smooth and stable. The AAC also has a very uniform cross-section (Figure 2). Note that the elevations in 

Figure 2 are reported in feet above mean sea level. 
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Figure 2. Typical cross-section of the All-American Canal at Pilot Knob 

The verticals are taken at 5-foot intervals near the banks and at 10-foot intervals in the middle of the 

canal. III) uses the 0.2/0.8 method to current meter the AAC at Pilot Knob. RID is not exactly following 

USGS standards for this current metering because of their vertical spacing. However, because they take 

around 22 verticals, the average maximum flow in a vertical is 7.5% of the total flow. This implies that 

(~ the RID method is more than adequate. In the past, III) used two different current meters to gauge the 

U AAC. Since July 1996, they have been using three different meters. 

To estimate the flow on days when the AAC is not current metered, 7 radial gates are used The head on 

the gates is determined by subtracting the stage of the pool upstream of the radial gates from the stage at 

the current metering station. The square root of this head is taken and then multiplied by a discharge 

coefficient, K, and a correctional shift, S, in order to get the discharge. The K value is a function of the 

width of the radial gates and the gate opening. These K values have been in use since October 1, 1980. If 

less than all 7 gates are open, then K is multiplied by the fraction of gates that are opened. For example, 

if K is 1000 ft2.5/s  and only 4 gates are open, then the K used to measure the discharge would be 571 fO js"L  

or (4/7)* 1000 ft2-5/s. The shift, S, is a correction factor designed to force the radial gate equation to agree  

with the weekly current meterings. It is equal to the current metering discharge divided by the radial gate 

r discharge. An average S is used for the days that are not current metered. For a given week, the average 
a 

shift, S, is the average of that week's shift plus the previous 3 weeks' shifts. S is assumed to be constant 

for the time period between stream gaugings. Because the radial gates are always submerged, the gate 

equation is: 

(19) 
Q = 7C,b.ws 2g(y~ - y2) = KS Y - y2 
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where Q is the discharge in cfs, C, is a dimensionless discharge coefficient for radial gates, b, is the width 

of the radial gates in feet, w is the gate opening in feet, g is the gravitational acceleration, K is RD's 

discharge coefficient in ft2.5/s, S is the gate shift factor, y, is the stage upstream of radial gate in feet, and 

y1 is the stage downstream of radial gate in feet. 
-2 L-- kr FHA 61&Acg4 Sr' t1w—'N 

The gate opening on the radial gates is measured using a Selsyn position indicator. The Selsyn position 

indicator is connected to Gate 5. The remaining six gates are adjusted to the Selsyn reading on Gate 5 

using staff gauges. All of these operations are done manually. Both the upstream (y,) and downstream 

(y?) water depths are measured using two different methods: a Selsyn position indicator and an A35 float-

operated strip recorder. All of these instruments have floats with diameters of 8 inches. The Selsyn 

position indicator is used for hour to hour adjustment to the gates. IID tries to keep the upstream water 

surface around an elevation of 167.30 feet above mean sea level. Technicians use the Selsyn position 

indicator to make minor adjustments to the radial gate openings to keep the upstream pond at the desired 

elevation and to make sure the water order is filled. The float-operated strip recorder is used because the 

US Bureau of Reclamation (USBR) requires that there be a continuous record of the flow in the All-

American and Coachella Canals. Since the Selsyn position indicators are not read continuously, the stage 

readings from the float-operated strip recorder are used for the actual computation of flow for a given day. 

The recorder gives a continuous measurement of the stage for a given week. The recorder sheets are then 

analyzed manually in order to get an average head for the day. The Selsyn position indicators and the 

float-operated strip recorders are also used as checks on each other. -TLIJ
O 

Coachella Canal 

Some of the water from the All-American Canal is diverted to the Coachella Irrigation District along the 

Coachella Canal. The flow rate in the concrete-lined Coachella Canal is measured using a 50-foot 

Parshall flume. IID staff calibrated this flume with current meterings taken from January through June, 

1982. The flow into the Coachella Canal is controlled by the gates at the entrance to the canal. Once a 

flow rate is ordered, these gates are automatically adjusted until the Parshall flume reads the ordered flow 

rate. These gates are adjusted automatically to keep the flow rate in the Coachella Canal constant 

regardless of what is happening in the All-American Canal. Flow orders are typically changed at 2:00 

AM every morning and this flow is kept constant until the next morning. 

The head on the 50-foot Parshall flume is measured using two different methods. For control purposes, 

the head is measured using a Gulton-Statham PD3000 pressure transducer. The head is measured almost 

continuously (about every second) using this pressure transducer. These measurements are then compiled 

1 
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into 15-minute summary reports. If the measured head is different from the desired head, the gates at the 

heading to the Coachella Canal are automatically raised or lowered. For verification purposes, the head is 

also measured using float-operated strip recorder with an 8-inch float. Once again, the float-operated 

strip recorder is used because the USBR requires that there be a continuous record of the flow in the All-

American and Coachella Canals. The pressure transducer can not be used for this purpose because its 

output is not recorded continuously. The pressure transducer is used for the day to day operation of the 

canal and the float-operated recorder is used for a continuous record of the flow in the Coachella Canal. 

Alamo River at the Boundary 

The Alamo River at the Mexican border, or boundary, is usually dry. When it is flowing, the flow is 

measured using a 36-inch sharp-crested weir. The measurements at this site were not evaluated. 

New River at the Boundary 

Due to safety concerns, HD no longer current meters the New River at the boundary. Instead, they rely on 

the current meterings performed by the USGS out of Santee, CA. The USGS current meters this site 

about every other month and these measurements are used to verify the New River's stage-discharge 

tables. Both the USGS and HD have separate rating tables for the New River at the boundary. These two 

stage-discharge relationships are close at high stages but differ by about 20% at low stages. The USGS 

makes a stage correction before they use their stage-discharge relationship. lID, on the other hand, makes 

no correction to the stage before the discharge is calculated. Thus, III) is solely using their stage-

discharge relationship that was published on May 1, 1985, to determine the discharge in the New River at 

the boundary. Because of the pollution in the New River at the boundary, the USGS uses only one current 

meter for all their gaugings. The Santee hydrographer employs a 0.2/0.8 method for determining the 

average velocity except for times when he feels there was too large a difference between the 0.2 velocity 

and the 0.8 velocity. For those cases, he will take an additional measurement at 0.6 and compute the 

average velocity using the 3-point rule. The stage in the New River at the boundary is measured using 

two different methods. The USGS uses an 8-inch float connected to a data logger. III) measures the stage 

using an 8-inch float-operated strip recorder. 

The gauging station on the New River at the boundary was not examined so it is not known how good of a 

gauging site it is. However, the cross-section of the New River at the boundary is not terribly distorted 

(Figure 3), so this would indicate that the gauging station is adequate. The bed elevations in Figure 3 are 

in feet above mean sea level. 
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Figure 3. Typical cross-section of the New River at the boundary 

Alamo and New Rivers at the Outlet to the Sea 

For the Alamo and New River at the outlet, HID has stage-discharge relationships that were developed in 

1979. The stage on each of the rivers for a given day is the average of many readings. In the past, the 

average head was determined from continuous chart-type water-stage recorder readings. Now, the stage 

on the Alamo River at the outlet is measured using an acoustic echo sounder which is part of the acoustic 

velocity meter (AVM). The stage on the New River at the outlet and at the boundary is measured using a 

float with a Celesco position indicator. These stage readings are recorded every fifteen minutes. The 

average of the 96 readings per day is then used as the average stage for the day. These rivers are current 

metered about once a week. From the current meterings, HID evaluates how much correction needs to be 

applied to the stage in order for the 1979 chart to work. The stage correction is then linearly distributed 

over the previous week. For example, if for day 1 the stage correction was -0.50 feet and for day 7 the 

stage correction was -0.57, then the correction for day 2 would be -0.51 feet, the correction for day 3 

would be -0.52 feet, etc. In actuality, RID is not really using the 1979 stage-discharge relationship; they 

are interpolating between weekly current meterings. 

In May 1996, IID changed the method in which they current meter the Alamo and New Rivers in an 

attempt to conform more with the USGS standards. Initially, they would use a standard spacing of 4 feet 

all the way across the river. Now they adjust the width of the verticals in an attempt to get no more than 

about 4-6% of the flow in each vertical. Velocities were measured using the 0.2/0.8 method. 

The current metering site for the Alamo River is very good. The gauging station is in an area where the 

river is straight and the streambed is free of large rocks, weeds, and protruding obstructions. The cross-

sectional area of the river is uniform and there are no obstructions upstream to disturb the flow. The 

Alamo River has a very uniform cross-section (Figure 4). As a result, even when II) was current 
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metering at a constant 4-foot width, there was a maximum of only 99/o of the flow in a single vertical from 

January 1994 through May 1996. The average during this time was 6.5%. The elevations reported in 

Figure 4 are in feet above mean sea level. n 
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Figure 4. Typical cross-section of the Alamo River at the outlet 

The gauging station for the New River at the outlet is not in a good location. The station is located just 

downstream of a curve in the river. As a result, there is much degradation on the west bank of the river 

and the cross-section of the river is highly non-uniform (Figure 5). Rip rap was installed on the west bank 

to reduce the amount of erosion. This rip rap disturbs the flow downstream. At the gauging station, the 

rip rap disturbance could be detected to about 15 feet from the west bank. Also, there is an observation 

pier located about 20 feet upstream of the gauging station. This pier sticks out about 20 feet from the east 

bank and disturbs the flow in the gauging station. Once again, the elevations in Figure 5 are in feet above 

mean sea level. 
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Figure 5. Typical cross-section of the New River at the outlet 
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Because of the non-uniformity of the New River, over 11% of the flow could be in a single vertical using 

the old method (uniform 4-foot spacing) of current metering (i.e., prior to May 1996). On the average, 

91/9  of the flow was in a single vertical from January 1994 through May 1996. The maximum flow in a 

single vertical during this time was 11.3% of the total flow. Since lID went to the USGS standards for 

current metering in May 1996, an average of 70/a and a maximum of 8% of the total flow was located in a 

single vertical. 

DATA COLLECTION 

To examine the accuracy of each of the key sites in RD, existing records were examined and new field 

measurements were taken. The existing records were examined to determine the approximate magnitude 

of the random and systematic errors in UD's current metering methods. The head or stage measurement 

techniques were also analyzed to estimate the magnitude of the random and systematic errors in these 

measurements. Most of the sites were also physically examined to determine if there were any additional 

factors that may contribute to the uncertainty of the flow measurement. 

One of the main concerns about the current metering dealt with whether or not the velocity profiles in 

these rivers followed the assumed velocity distribution. Equations ( 11 ) and ( 12 ) give an estimate of the 

error due to the velocity distribution, CV,. However, it was felt that in the case of very distorted rivers, 

such as the New River at the outlet (Figure 5), that Equations ( 11 ) or ( 12 ) may underestimate the value 

of CV,. Therefore, extensive current meterings were performed at the Alamo and New Rivers at the outlet 

to the Salton Sea as well as at the Parshall flume at the Coachella Canal heading in late August of 1996. 

The USGS guidelines were strictly followed. Five to six full velocity profiles (approximately 10 points for 

each vertical) were determined at each of these current metering sites. These full velocities profiles were 

used to predict the true average velocity in the vertical and to compare how well the 0.2/0.8 or 0.6 

methods predicted the true average velocity. The velocity profile below the lowest measured point (0.9 

depth) was assumed to take on the following form (Herschy, 1985): 

v = V'
- 

( 20  ) 
y ~\Q

y
/ 

~ 
 

where vy  is the velocity at a point a distance y from the bed, va  is the velocity at the last measuring point 

(0.9 depth), and c is a constant between 5 and 7 (usually assumed to be 6). Using Equation ( 20 ) and the 
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10 velocity measurements, the average velocity in that vertical can be determined using the velocity 

distribution method. It was assumed that this average velocity is equal to the true average velocity in the 

vertical. 

The velocity distribution coefficient, a, is another way to estimate the degree of nonuniformity in the 

velocity distribution. The a value is the ratio of the average of the velocities squared to the square of the 

average velocity and is an indication of the amount of distortion in a velocity profile. For a completely 

uniform velocity distribution, a is unity. As the velocity distribution because more and more nonuniform, 

a becomes greater than one. Thus, estimating a for each of these keys sites would give another indication 

as to whether or not Equations ( 11 ) or ( 12 ) would underestimate CVs. The velocity distribution 

coefficient, a, was also estimated from the current metering data for each of the study sites. The a value 

was estimated by examining all the velocity measurements on the current metering data sheet. The largest 

velocity on this sheet was assume to be the maximum velocity of the flow. Then, the following equations 

were used to estimate a (Chow, 1959): 

V--_1 (21) 

Vane 

a=1+62 (22) 

where v.. is the maximum velocity from current meter sheet and v,, is the average velocity of the stream 

or canal. It is not known how accurate a prediction of the a value will be obtained by using the maximum 

velocity measured by a current meter because the maximum measured velocity may not be the maximum 

velocity in the stream. However, it is felt that this will give a good estimate of the a value. Thus, if a site 

has an estimated a value near unity, then Equations ( 11 ) or (12 ) would give a good estimate of CVs. 

For a fairly regular channel with a well developed velocity profile, the expected a value should be around 

1.05 to 1.10. If the estimated a value is much greater than one (e.g., greater than 1.10), then Equations 

( 11 ) or ( 12 ) may underestimate the value of CVs. This method is just used as a verification of the 

extensive current meterings. 
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ANALYSIS OF MEASUREMENT ACCURACY 

All-American Canal 

As mentioned earlier, the gauging station for the All-American Canal at Pilot Knob is in an excellent 

positi  on. ue to time constraints and because of the good location of the gauging station, no extensive 

current meterings were performed on the AAC at Pilot Knob. 

Current Metering Accuracy 

Using the method described by the USGS, an estimate for the accuracy of the current meterings can be 

determined A detailed discussion of how the USGS method can be used to estimate the accuracy of the 

current meterings for a gauging that took place on August 27, 1996, follows. Table 1 is a summary of the 

important parameters needed in estimating the accuracy of the current metering. 

Table 1. Parameters from August 27,1996, stream gauging of the All-American Canal at Pilot 
Knob 

Parameter Value I Units 

Flow Rate 5116 cfs 

Area 1963 fe 

Average Velocity 2.61 fps 

Maximum Velocity 3.33 fps 

AAC Stage 162.7 ft 

Canal Top Width 182 ft 

Hydraulic Depth 10.79 ft 

Number of Verticals 22 

Time of Exposure 42 seconds 

The average velocity in the AAC is greater than 2.3 fps so the instrument error, CV;, is assumed to be 

0.30%. In cases where the average velocity is less than 2.3 fps, Equation ( 5 ) must be used to estimate 

CV;. Concern has been raised as to whether or not the average velocity can be used to calculated the 

instrument bias or if the instrument bias needs to be calculated at each velocity measurement for a given 

stream gauging. Both methods were used to calculate CV;  for the extensive current metering performed 

on August 22, 1996, on the Coachella Canal. Both of these methods yielded the same result. Thus, it was 

assumed that the average velocity can be used to calculate CV;. 
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The recommended value of 0.50% for the systematic error due to width measurement (CV,b), depth 

measurement (CVd), and velocity measurement (CV,,,) was used. These are all the bias errors for a 

current metering. These values can be used in Equation ( 6 ) to determine the total bias for the stream 

gauging, CVbq. 

CVbq  = V0.3 2  +05 2   + 0.5 2  + 0.5 2  = 0.92% (23) 

Since the AAC is a stable streambed and the average depth of flow (i.e., hydraulic depth) is greater than 3 

feet, a value of 2% is assigned to the random error caused by depth measurements, CVd. The average time 

of exposure for the current meter is 42 seconds. Since II) uses the 0.2/0.8 method to current meter the 

AAC at Pilot Knob, Equation ( 9 ) can be used to calculate the random error due to the pulsation of flow, 

CVt. 

CV, =16.01-0.36  =16.0(42) -036 = 4.17% (24) 

The random error due to the vertical distribution of flow, CV„ depends on the number of verticals taken 

and the method used. Since the 0.2/0.8 method is used, Equation (12 ) can be used to calculate CV,. 

CV, = 1 
N 

 5 +0.74 = 122 5 + 0.74 =1.24% 
(25) 

The random error due to the horizontal distribution of depth and velocity across a vertical, CV can be 

calculated using Equation ( 13 ). 

CV, = 32N-o-" = 32(22) 088 = 2.11% (26) 

It was assumed that there was no oblique flow at this gauging station so that CV is equal to zero. All of 

these random errors can be combined using Equation ( 14 ) to find the total random error for this current 

metering, CV,,. 

CV 2  +CV 2 2 2  +4.17 2 
(27) 

CV,4  =( 
22 

d 
 N 

` + CV2  + CV 2  = 4 -)+1.24 2  +2.1 12  = 2.64% 
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Finally, the total uncertainty for the individual current metering, CV., can be found using Equation ( 2 ) 

or ( 4 ). A summary of all the error terms and what equations can be used to find them appears in Table 

2. 

CV, = VCV,2, + CV,2 = 092 2 + 2.642 = 2.790% (28) 

Table 2. Summary of error components for August 27, 1996, current metering of the All-American 
Canal at Pilot Knob 

Parameter Value Equation 

CV, 0.30% ( 5 ) or assumption 

CV,,b  0.50% assumption 

CV,,d  0.50% assumption 

CV,,. 0.50% assumption 

CVd  2.00% ( 7 ) or assumption 

CV, 4.17% (9) 

CV, 1.24% (12 ) 

CV,. 2.11% (13 ) 

CV,, 0.00% assumption 

CVbq  0.92% (6 ) 

CV,q  2.64% (14 ) 

CVq  2.791/6  (2)or(4) 

Extensive current meterings were not performed on the AAC at Pilot Knob. This means that it is not 

known how well the velocity distribution in the AAC follows the 0.2/0.8 method. However, the velocity 

distribution coefficient, a, can be estimated using Equations ( 21 ) and ( 22 ) as well as some of the 

parameters in Table 1. For the current metering of August 27, 1996, a was found to be equal to 1.06.  

Since this value is close to unity, this indicates that the flow is very uniform. Thus, it was assumed that 

the velocity distribution was close to the distribution used in the 0.2/0.8 method and that Equation ( 12 ) is 

a good estimate of CV,. 

These calculations were performed for each of the current metering for the years 1994 through 1996. 

During this time, the average random current metering error, CV,.,, was equal to 2.591/o while the average 
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systematic current metering error, CVb,, was equal to 0.97%. This implies that the average overall current 

metering error, CV4, is 2.77% (i.e., square root of 2.592  + 0.972). 

Head Measurement Accuracy 

The 8-inch float-operated recorder is subject to errors due to the following: datum changes, faulty intake 

operation, float leakage, float-tape slippage, paper expansion, line shift, submergence of the 

counterweight, and float-lag error (Rantz, 1982). It was assumed that all of these errors are insignificant 

except for the float-lag error. This error was also assumed to be random because of the constant 

fluctuations in the head readings. Rantz (1982) conservatively estimates the maximum float lag error for 

an 8-inch float-operated recorder to be t 0.2 inches. This implies that the head on the gate, y, - y2, has an 

uncertainty of 0.28 inches (i.e., square root of 0.22  +0.2 2).   The average head reading for the period of 

study was 3.88 feet. Using this average head value, the uncertainty of the head measurement would be 

0.60%. Thus, the uncertainty in the flow measurement would be 0.30% because of the square root 

relationship in the discharge equation. 

Another possible source of error due to head measurement would be in the zero determination of the 

upstream and downstream head measurement sites. Assuming the survey was done correctly, this error 

would be on the order of 0.005 feet and would be a bias introduced into the system. The head on the gate, 

y, -y2, would then have an uncertainty of 0.007 feet (i.e., square root of 0.0052  +0.005 2).   Using the 

average head of 3.88 feet, this bias for the head measurement would be about 0.18%. Because of the 

square root relationship in the discharge equation, the error in flow measurement would then be 0.09%. 

Because the gauging stations on the AAC at Pilot Knob are so stable, there is very little zero drift. The 

zero has been adjusted only on rare occasions. As a result, HID does not check the zero at this site very 

often, and it was assumed that there is no zero drift. 

Integration Over Time 

Another error that is introduced into the system deals with using the average head to calculate the average 

flow rate for the day. RID checks the gates every hour to ensure that the proper amount of water is being 

delivered through the radial gates. If the flow is too low, then the gates are bumped open and, if the flow 

is too high, the gates are closed. Using the average head to calculate the average flow may yield a 

different answer than using the continuous head measurement of the float-operated strip recorder to 

calculate the average flow. It was difficult to try to quantify this error using the float-operated strip 

recorder's data sheets. Thus, the hourly gate readings using the Selsyn position indicator were used. 

Even though the Selsyn position indicators are not used to report the average flow in the AAC, it was felt 

that these data would give a good indication of error due to integration over time. 
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The hourly operational log for the AAC was examined for one week (September 9-15, 1996). The hourly 

flow rate was calculated using the data in the logs. For a given day, these 24 hourly flow rates were then 

averaged to find the average flow in the AAC. The average flow rate using the average head for that day 

was also calculated as shown in Table 3. 

Table 3. Comparison of average discharge using hourly and daily averaged head measurements for 
the All-American Canal at Pilot Knob 

Date Average Q Using Average Q Using 

Hourly Selsyn Data Daily Average Head 

(cfs) (cfs) 

9/9/96 4,333.3 4,331.6 

9/10/96 4,465.1 4,470.2 

9/11/96 4,779.8 4,778.6 

9/12/96 4,873.7 4,873.4 

9/13/96 4,572.6 4,577.0 

9/14/96 4,218.6 4,225.5 

9/15/96 4,082.2 4,088.5 

The standard error of the daily averaged flow rates with respect to the hourly averaged flow rates will give 

an indication of the uncertainty introduced due to integration over time. To calculated the standard error, 

the standard deviation first needs to be found using the following equation: 

(29) 

where ss is the standard deviation of the daily averaged flows with respect to the hourly averaged flows, x 

is the daily averaged flow rate, x, is the hourly averaged flow rate, n is the number of data points, and i is 

a counter. The standard error due to integration over time, CV,,, can then be calculated using the 

following equation: 
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S.  
CV,.t  = 

n 

(30) 

Using the data shown in Table 3 and Equations (29) and (30), CVtt  was found to be equal to 0.04%. 

This value of CVtt  is an estimate of the bias introduced due to integration over time. It was assumed that 

this value is typical of the bias introduced due to integration over time for the entire year. 

Difference Between Head Measurement Instruments 

As previously mentioned, RID uses the Selsyn position indicator for hourly control of the radial gates in 

the AAC at Pilot Knob. However, they use a float-operated strip recorder to report the average head for 

the day. Since RID is operating using one instrument and reporting using another instrument, there may 

be additional errors introduced due to the differences between the two instruments. For the same week 

(September 9-15, 1996), the flow rate was calculated using the average head values from both the float-

operated strip recorder and the Selsyn position indicator (Table 4). The standard error due to the 

difference between instruments, CVd;, can be found in a manner similar to CVit. Using the data in Table 

4, CVd;  was found to be 0.14%. This value of CVd;  is an estimate of the bias introduced due to difference 

in instruments. It was assumed that this value is typical of the bias introduced due to the differences 

between the two head measurement instruments. A summary of all these flow measurement errors 

appears in Table 5. 

Table 4. Comparison of average discharge using the strip recorder and the Selsyn indicator for the 
All-American Canal at Pilot Knob 

Date Average Q Using Average Q Using 

Strip Recorder Selsyn Indicator 

(cfs) (cfs) 

9/9/96 4,326.0 4,331.6 

9/10/96 4,454.8 4,470.2 

9/11/96 4,760.1 4,778.6 

9/12/96 4,854.5 4,873.4 

9/13/96 4,556.1 4,577.0 

9/14/96 4,218.1 4,225.5 

9/15/96 4,072.6 4,088.5 
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Table 5. Summary of errors for flow measurement on the All-American Canal at Pilot Knob 

Source of Error Type Estimated 

Magnitude 

I 

Current Meterings Random 2.59% 

Current Meterings Systematic 0.97% 

Head Measurement Random 0.30% 

Zero Determination 

Integration Over Time 

Systematic 0.090/0 

Systematic 0.04% 

Systematic 0.14% 

Random 2.61% 

Systematic 0.990/0 

Difference Between Instruments 

Total 

Total 

Overall 2.79% 

Hydraulic Stability of the Radial Gates 

From the three years of current metering data, it was determined that the bed of the canal at Pilot Knob is 

very stable and does not change from year to year. The flow is very uniform and a can be estimated at 

1.06 for this time period. Because there is not a good theoretical or empirical equation for the discharge 

coefficient, C„ for submerged radial gates (Bos, 1989), the current metering data were compared only to 

IID's rating table. IID's rating table and their current meter data (with no shift applied) appear in Figure 

6. The current metering data agree very well with RD's rating curve. There is some deviation from the 

curve at very low flows, or gate openings, and at very high flows. However, in general, UD's radial gate 

equation works very well even without the shift. At very low flows (< 1000 cfs), large errors can appear 

using the radial gate equation. In one case, the error was 45%. However, these low flows occurred only 3 

or 4 times over the last two years and probably will not impact the estimate of the total flow over this time 

period. y161 PI rlgkATLY 

To estimate how well RD's rating table matched the current meterings, equations similar to Equations 

( 29 ) and ( 30 ) were used to find the error associated with IID's rating table, CV,. Without the shift, S, 

applied, CV,, was found to be 0.38%. With the shift applied, CVn  dropped to 0.32%. Because CVn  is 

relatively low, this indicates that the All-American Canal and the hydraulic characteristics of the radial 

gates have remained very constant over the last three years. It should also be noted that the random 

component of the flow measurements (2.61%) is greater than the coefficient of variation for the raw 

current meterings. This is true for both when the shift is applied and when it is not. This implies that the 

USGS method of determining the random error of the flow measurements at Pilot Knob underestimates 

the true accuracy. However, the USGS method was still used for the error estimation because it was felt 
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that this was a conservative estimate. The small difference between CV, when the shift is applied and 

when it is not suggests that applying the shift is unnecessary. 

k 6000 IlD Rating Curve 

C 5000 • lID Current Meterings (no shift) 
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Figure 6. Rating curve and current metering data for radial gates at Pilot Knob on the All- 
American Canal 

Final Estimate ofAnnual Volume Error 

Because there were no significant changes in the flow accuracy during the time period under 

consideration, Equation ( 17 ) is sufficient to calculate the uncertainty in the total volume for a given year. 

It should also be noted that the instrument error, CV;, is divided by the square root of 2 in the final 

calculation of CVb  because HD uses two different current meters to perform the stream gaugings. In the 

future, CV;  can be divided by the square root of 3 because HD is now using 3 current meters. 

A sample calculation for 1994 a 
,ppdars follows. In 1994, RD performed 50 independent current 

meterings. The total random component of the flow measurement in 1994, CV„ was found to be 2.61%. 

This includes the current metering and head measurement effects. The total bias of the flow 

measurement, CVb, includes the effects of the current meterings, the zero determination, the integration 

over time, and the difference between the float-operated strip recorder and the Selsyn position indicator. 

It should be noted that the instrument error, CV;, which is included in the current meter bias should be 

divided by the square root of two because two different current meters were used. Thus, the total bias 

component of the flow measurement for 1994 was found to be equal to 0.94%. Using these values in 

Equation (17 ) yields the final value for the coefficient of variation for the total volume that passes 

through the AAC at Pilot Knob in 1994(1-'VV 
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z )2 

CVV =FCV  + CV'  _ (0.94)2 + (250 = 1.01% 

(31) 

Using Equation ( 18 ), the 95% confidence interval on the volume, %, is simply twice CVO, or ±2.02%. 

A summary of CVO  and CIS  for the three year study period appears in Table 6. 

Table 6. Uncertainty in total volume measurements for various years (All-American Canal at Pilot 
Knob) 

Year CVV  I  Clv  = 

1994 1.01% ±2.02% 50 

1995 1.02% ±2.04% 51 

1996 0.98% ±1.96% 51 

Because CV,, changes with flow rate, concern has been raised as to whether Equation ( 17 ) can be used 

with an average CV,, or if Equation ( 16 ) must be used. CVO  was calculated using both Equation ( 16 ) 

and ( 17 ). There was no significant difference between the two methods, so Equation ( 17 ) was used to 

simplify the calculations. 

Summary and Recommendations 

The 95% confidence interval for the total volume that passes through the AAC is relatively good for three 

study years (approximately ±21/o). The good values of CIv are a result of IID's excellent current metering 

techniques, the large number of current meterings that lID performs in a year, and the hydraulic stability 

of the gauging site and the radial gates. Because the gauging station on the AAC at Pilot Knob and the 7 

radial gates are so hydraulically stable, it is probably unnecessary to apply the shift. 

Coachella Canal 

Original Calibration 

ID staff calibrated the Coachella Parshall flume with current meterings taken from January through June 

1982. During this time, the Coachella canal was current metered 186 times. The meterings were taken 

from a bridge about 200 feet downstream of the flume. Upon the first examination of the current meter 

data, it was noted that only 9 to 11 verticals were used and the velocity was measured at the 0.6 depth 

only. Standard USGS rules for current metering recommend using approximately 20 verticals with each 

vertical having no more than 4% to 6% of the flow in each vertical. Most of the time, the historical 
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current meterings contained 15% of the flow in some of the verticals. The calibration table lists flows 

from 1 to 1061 cfs. The actual current meterings covered a range of 170 to 1000 cfs. Within this 

narrower flow range, the Coachella Parshall flume calibration table values are 8-201/o lower than the 

standard published values (Chow, 1959). The differences in ]ID's calibration and the standard calibration 

can be seen in Figure 7. 
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Figure 7. Standard and Imperial Irrigation District calibration for 50-foot Parshall flume 

The standard equation for a 50-foot Parshall flume is (Chow, 1959): 

Q =186.9hq'6 
/rvY tr►o~ a+— (32 ) 

where Q is the flow rate in cfs and h, is the head approaching the Parshall flume in feet. We fit the IID 

calibration table for the 50-foot Coachella Parshall flume to a power function. The resulting equation 

was: 

Q = 151.1h,' 73 (33 ) 

Equation ( 33 ) predicted IID's calibration data very well (Figure 8), and the curve fit had a coefficient of 

determination, RZ, of 0.98. 
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Figure 8. Curve fit through original Parshall flume calibration data 

The Coachella Valley Water District also monitors the flow rate in the Coachella Canal. Instead of using 

RD's calibration table, they use a relatively complex calibration equation. 11D's calibration table and 

Coachella Valley's calibration equation are essentially the same. It appears that Coachella Valley used 

IID's original calibration current meterings to develop their calibration equation. 

Field Verification of Original Calibration 

It is not certain what effect having as much as 15% of the flow in a single vertical will have on the 

accuracy of individual current meterings because there has been little or no study on this factor (Sauer and 

Meyer, 1992). It is also not certain why the original calibration of the Parshall flume is 8-201/o different 

from the standard published values. To get an estimate of how the improperly spaced verticals affected 

the measurements and to verify that the 0.2/0.8 method is a good estimate of the average flow in a 

vertical, extensive current meterings were performed on the Coachella canal on August 22, 1996~This 

extensive current metering would also verify if the original calibration is valid. IID assisted with the 

current metering, and the USGS standards were strictly followed. Twenty-four verticals were used to 

estimate the flow on that day. From the current meterings, the flow rate was 660 cfs. Using the Parshall 

flume calibration table, the flow was estimated to be 650 cfs. For this one measurement, the Parshall 

flume was an excellent estimate of the flow rate in the canal. Using the USGS method outlined earlier, 

the uncertainty, CV4, for this measurement was estimated to be 2.65% and the bias, CVbq, was estimated to 

be 0.92%. From the current meter data, the a value was estimated to be 1.02. 
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To estimate how important the number of verticals was on the estimate of the flow in the Coachella canal, 

the flow rate was re-calculated from the current metering data of August 22, 1996, using only 11 and 5 

verticals. In both of these cases, the flow rate did not change more than 0.5%. Therefore, it was felt 

current metering the canal with only 9 or 11 verticals introduced an additional bias of 0.5%. An a value 

that is almost unity also indicates that the number of verticals is not an important source of error. 

To determine how well the 0.6 method applied to the Coachella Canal, full profiles (10 points) were taken 

at 5 different locations during the current metering of August 22, 1996, and one of these profiles appears 

in Figure 9. The average velocity in each of these verticals was calculated using both the full profile 

method and the 0.6 method. The value obtained using the full profile method was assumed to be the true 

average velocity in the vertical. The velocity ratio between the 0.6 method and the full profile method was 

also calculated (Table 7). This ratio should be near unity if the 0.6 method is applicable for the Coachella 

Canal. From these values, the standard error of the velocity ratio, CV,,, was found to be 1.02%. This was 

well below the assumed value for CV, of 11.2% for the 0.6 method. Thus, using Equation ( 11 ) to 

calculate the value of CV, will result in an extremely conservative estimate of the uncertainty due to the 

velocity distribution. This was done to keep the error estimate on the conservative side. Therefore, it was 

concluded that the velocity at the 0.6 depth is a good estimate of the average velocity in the vertical. This 

also implies that the original calibration of the Parshall flume is still valid. 
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Figure 9. Sample velocity distribution on the Coachella Canal (Station 17) 

Draft-07/03/97 28 



2 

Table 7. Average velocities using the full profile method and the 0.6 method for the Coachella Canal 

Station Average Velocity Using Average Velocity Velocity 

Full Profile Method Using 0.6 Method Ratio 

(fps) (fps) 

10 2.560 2.578 1.0070 

17 2.600 2.703 1.0396 

23 2.557 2.578 1.0082 

29 2.680 2.770 1.0333 

35 2.543 2.703 1.0629 

Two hydrographers were used to collect the data for the original calibration of the Parshall flume. Each 

of these hydrographers had a different current meter that they used exclusively. One hydrographer did 

approximately 75% of the current meterings and the other hydrographer did the other 25%. A plot of the 

residuals (i.e., calibration table flow rate minus current meter flow rate) versus the head on the Parshall 

flume can be seen in Figure 10. No hydrographer bias could be seen from the data. 
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Figure 10. Residuals versus Parshall flume head 

Current Metering Accuracy 

The USGS method outlined earlier was used to estimate the random and systematic components of the 

current meterings used to calibrate the 50-foot Parshall flume. The field measurements already verified 

that the 0.6 method is more than adequate for the Coachella Canal. Using the USGS method, the average 
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random error, CV,,, of the current meterings used to make the rating table for the 50-foot Parshall flume 

at the Coachella Canal was 6.20°/0.' The average bias, CVe,,, was 0.950/a. This implies that the total 

average uncertainty of the current meterings, CV., was 6.270/a Also, the average instrument bias, CV;, 

was found to be equal to 0.38°/a 

Insufficient Verticals 

Sauer and Meyer (1992) indicate that there is no good way to estimate the effect of using an insufficient 

number of verticals has on the accuracy of a current metering. However, from the field tests performed on 

August 22, 1996, cutting the number of verticals in half only changed the flow rate by 0.50%. Thus, it 

was assumed that the error associated with not using enough verticals was 0.501/a. This would also be a 

systematic error. 

Original Calibration 

The errors introduced due to the current meterings and insuff cient verticals are both errors due to the 

original calibration. The bias due to the original calibration, CVO, is a combination of the bias due to the 

current meterings and the bias due to using an insufficient number of verticals. In this case, CVb, can be 

estimated to be 1.07% (i.e., square root of 0.952  + 0.502) .  The random error due to the original 

calibration, CV,,, is simply the random error of the current meterings, CV,9, divided by the square root of 

the number of measurements taken. In this case, CV, would be equal to 0.45% (i.e., 6.20 divided by the 

square root of 186). E5 
 

~r~n~vov~ 

Head Measurement Accuracy 

The flow in the Coachella Canal is controlled using the Statham pressure transducer. This device has an 

accuracy of ±0.25% of full scale (range). The pressure transducer on the Coachella Canal has a range of 

0-60 inches of water. Therefore, the accuracy of this device is ±0.15 inches of water (or ±0.0125 feet). 

During the original calibration period, the average head on the Parshall flume was 2.2 feet. Using this 

average head value, the average uncertainty in the head measurement would then be ±0.57%. Because the 

head is always fluctuating, it was assumed that the head measurement error was a random error. ~A 
d 

Another error that could be introduced would be in determining the zero for the head measurement. ` `c 4P cs 

Assuming the surveying was done properly, this error would probably be on the order of 0.005 feet which 

would translate into a 0.25% uncertainty in the head measurement. The zero for both the float-operated 

strip recorder and the Statham pressure transducer are checked once a month. The zero has rarely, if 

ever, been moved. Because of this stability, it was felt that 0.25% was a good estimate for the uncertainty 

due to zero determination. This error should be considered a systematic or bias error. 
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Original Calibration Systematic 1.07% 

Head Measurement Random 0.57% 

Zero Determination Systematic 0.25% 

Integration Over Time 0.000/0 

1ID's Calibration Table Systematic 0.53% 

Total Random 0.57% 

Total Systematic 1.22% 

Overall 1.35% 

Source of Error Type Estimated 

Magnitude 

Integration Over Time 

There is no error associated with integration over time because of the manner in which the average daily 

head is calculated for the Coachella Canal. The Statham pressure transducer reads the head almost every 

second. These head values are condensed into 15-minute average head values. From these values, 

average hourly head values are calculated. Finally, the average daily head value is calculated from the 24 

hourly head values. Because so many head readings are used to calculate the average daily head, there 

will be almost no error associated with integration over time. 

HD's Calibration Table 

From the original calibration, III) developed a calibration table for the 50-foot Parshall flume. If this table 

does not accurately predict the original calibration, then additional error will be introduced. To estimate 

the error introduced from using IID's calibration table (or Equation ( 33 )), the standard error of the 
,,,, ~;^'.,> 

original 186 current meterings with respect to ]ID's calibration table, CVb,, was €sand. Using equations 

similar to Equations ( 29 ) and ( 30 ), CV&  was determined to be 0.531/o. This is an estimate of the bias 

that is introduced in using IID's calibration table. The value for the bias due to the calibration table, CV&  

(0.530/o), is approximately equal to the random error of the original calibrations, CV„, (0.45%). This 

implies that HD's calibration table fits the original data very well. CVb1  and CV, are both estimates of 

how much scatter there is about HD's calibration table. Therefore, CV, was removed from the remainder 

of the calculations. Therefore, the total random uncertainty of an individual flow measurement, CV„ 

would equal 0.73% and the total bias error, CVb, would equal 1.22%. The total uncertainty of a 

measurement, CV, would then equal 1.42%. A summary of all these errors appears in Table 8. 

Table 8. Summary of errors for flow measurement on the Coachella Canal_ 
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Final Estimate ofAnnual Volume Error 

The coefficient of variation of the total volume that passes through the Coachella Canal in a given year, 

CVV, can now be determined from Equation ( 17 ). III) sets the flow rate in the Coachella Canal every 

day so 365 independent flow measurements are made in a given year. The instrument bias, CV;, can be 

divided by the square root of two because two different meters were used in the calibration of the Parshall 

flume. Taking this into account, Equation ( 17 ) can be expressed as: 

CV2 CV h. 
 (34) 

CVV  = + CV,~ + CVO + CVN + CVN + CVO + CVbt  + '`"' 
nom„ n 

where CVV  is the uncertainty of the total volume measurement, CV;  is the systematic error due to the 

instrument itself (0.38%), na„ is the number of current meters used (2), CV,b is the systematic error for the 

width (0.501/o), CVO  is the systematic error for the depth (0.500/o), CV,, is the systematic error for the 

velocity (0.500/6), CV„, is the error associated with using an insufficient number of verticals (0.501/o), CVa  

is the error associated with the zero determination (0.251/6), CVbt is the bias due to HD's calibration table 

(0.5311/o), CVJ,,, is the uncertainty due to the head determination (0.570/o), and n is the number of head 

readings in a year (365). Using these values in Equation ( 34 ) yields: 

z z (35) 
CVV  = 

0.2 
 +0.5 2   +0.5  2   +0.5  2   +0.5  2   +0.25  2   +0.53 

 2  +0.

365 

57 
= 1.19% 

The coefficient of variation for the volume of water passing through the Coachella Canal was estimated to 

be 1.19%. The 95% confidence interval for the volume, CIV, would then be equal to ±2.38%. 

Difference Between Field and Handbook Calibrations 

As mentioned earlier, HD's calibration of the 50-foot Parshall flume is 8-20% lower than the standard 

published values. We hypothesized several possible reasons why the Coachella Parshall flume calibration 

did not agree with standard tables, namely: 

1. Parshall flume was not constructed properly. 

2. The curve in the canal upstream Erom the Parshall flume is affecting the velocity distribution of 

flow before it enters the flume. 

3. There were errors in the calibration current meterings. 
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4. The Parshall flume was submerged part of the time during the calibrations. 

5. The trapezoidal-rectangular transition is not the standard entrance condition for a Parshall flume, 

which may be affecting the flow. 

1. After measuring a few critical dimensions on the flume, it was concluded that the Parshall flume was 

constructed properly. The only error in construction that was noticed was the non-standard transition 

section between the main channel and the approach section of the Parshall flume. This observation is 

discussed further in point 5. 

2. The canal was examined during canal dry up. There was some sediment deposition upstream from 

the flume and most of this deposition was located on the inside part of the curve. However, the amount of 

sediment was insignificant when compared to the flow area, suggesting that the approach flow profile is 

not terribly distorted. 

A bubble chain was inserted just upstream of the entrance to the Parshall flume in an attempt to obtain a 

visual estimate of the velocity profile entering the Parshall flume. From this experiment, the top view of 

the bubble curtain looked approximately as shown in Figure 11. From the visual inspection of the 

sediment upstream of the canal and from the shape of the bubble curtain, there does not appear to be any 

serious distortion of the velocity profile from the curve in the canal upstream of the Parshall flume. The 

bubble curtain was set up for only one particular flow (about 650 cfs). Since only one flow was examined, 

it is not known whether the distribution of velocity would change with flow rate; however, we feel this is 

unlikely. 
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Distance from West Bank (ft) 

Figure 11. Top view of bubble curtain placed upstream of Coachella Parshall flume entrance 
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3. The calibration current meterings for the 50-foot Parshall flume were discussed earlier. There were 

no gross errors introduced into the system due to these calibration current meterings. The extensive 

current metering performed on August 22, 1996, also indicates that the original calibration is correct. 

This is further supported by the fact that both lID and the Coachella Valley Water District have basically 

the same calibration for the Parshall flume. 

4. It was also thought that if the Parshall flume was submerged part of the time during the calibration 

period that this could cause the calibration to be greater than 8% off the standard tables. Observation of 

the flume at 650 cfs indicated that is was flee flowing and not close to submergence. High water marks 

were surveyed for both h, and hb. From these values, it was estimated that the Parshall flume had a 

maximum submergence ratio of 0.55. This is well below the estimated modular limit of 0.80 for a 50-foot 

Parshall flume. Therefore, it was concluded that the Parshall flume was never submerged. 

5. Parshall flumes were designed to have a rounded transition section between the main channel and the 

approach section of the flume. The Coachella Parsball flume has a straight line section between the main 

channel and the approach channel of the flume. This straight line transition section introduces a 

noticeable shock wave throughout the approach section of the Parshall flume. This shock wave could be 

the reason that the Coachella flume is more than 8% off the standard Parshall flume. Further studies need 

to be done to quantify the effect the transition has on the calibration of the Parshall flume. 

Summary and Recommendations 

The 95% confidence interval for the annual volume that passes through the Coachella Canal was 

estimated to be ±2.38%. This value of C1v  is rather good despite the fact that III) only used 9 to 11 

verticals on their calibration current meterings. However, the extensive current metering that was 

performed indicated that the flow in the Coachella Canal is very uniform and that using an insufficient 

number of verticals should not make much of a difference in this case. Even though the calibration of the 

50-foot Parshall is 8-20% off of standard published values, it is felt that this calibration is accurate and 

correct. The non-standard transition between the main canal and Parshall flume may be the reason for 

this discrepancy.  

v t F wmc- N -tf-o-e- C te' a` t .j Taae~- ev 

Alamo River at the Boundary 

The Alamo River at the boundary was not examined because it is usually not flowing and does not account 

for a significant volume of inflow into the Imperial Valley. 
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New River at the Boundary 

Due to safety concerns.regarding water quality, the New River at the boundary is no longer current 

metered by )ID. Instead, ]ID relies on current meterings performed by the USGS about every other 

month. On days that are not current metered, the discharge is calculated using a stage-discharge 

relationship. ]ID measures the stage on the New river using an 8-inch diameter float-operated strip 

recorder. The USGS uses a data logger attached to a 8-inch diameter float that records the stage every 15 

minutes. 

Current Metering Accuracy 

Data were obtained from the USGS station at Santee, CA, for all the current meterings performed in 1996 

at the New River at the boundary. The USGS current metered this station a total of 6 times in 1996. 

Using the USGS method for determining current metering accuracy and the measurement data, the 

average total current metering error, CV9, was about 4.20%. The average bias, CVbq, was 0.95% and the 

average random error, CV q, was 4.09%. 

No full profiles were ever measured by the USGS or lID. However, from the 1996 current metering data, 

it can be estimated that the New River has an average a value of 1.49. This would indicate that the flow 

is highly distorted. However, the cross-section of the New River at the boundary is not terribly distorted 

(Figure 3). The New River at the boundary is very shallow and there may be some obstructions in the 

river. These factors may explain why the a value is so high. 

Stage Measurement Accuracy 

IID measures the stage in the New River at the boundary using an 8-inch float operated strip recorder. As 

mentioned earlier, the maximum float lab error for an 8-inch float can be estimated at t0.2 inches (Rantz, 

1982). From the 6 current metering readings, the average stage in the New River was 958.32 feet (this 

corresponds to an average hydraulic depth of 2.36 feet) and the average discharge was 150 cfs. Using 

IID's stage-discharge relationship, a stage error of 0.20 inches at 150 cfs would cause an error in 

discharge of about 2 cfs or 1.33%. It should be noted that the stage measurements used by IID for the 

Alamo and New Rivers are reported as the 1,000 feet minus the elevation with respect to mean sea level. 

Thus, an average stage of 958.32 feet corresponds to an actual elevation of 958.32 - 1,000 or -41.68 feet 
tr 

above mean sea level. This was done to avoid negative stages in the discharge calculations. 
~r 

Zero determination could also introduce an error in the stage measurement. Assuming the survey was 

done correctly, this error would be on the order of 0.005 feet and would be a bias introduced into the 

system. Using RD's stage-discharge relationship, a zero determination error of 0.005 feet at an average 
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flow rate of 150 cfs would cause a discharge error of about 0.5 cfs or 0.33%. The USGS checks the zero 

once a month. There is very little zero drift and the zero has only been adjusted on rare occasions. 

Therefore, it was assumed that there was no zero drift for this stage measurement location. 

Integration Over Time 

The stage is measured on the New River at the boundary using a float-operated strip recorder. This 

instruments gives a continuous record of the stage in the river. From these data sheets, the average stage 

for the day is calculated. Because the average stage is calculated from the continuous record of the strip 

recorder, there will be no error due to integration over time. 

Stage-Discharge Relationships for the New River at the Boundary 

RID and USGS have different stage-discharge relationships for the New River at the boundary. These 

relationships are very close to each other at high stages but they differ as much as 20% at low stages. At 

low stages, the USGS applied a stage correction of -0.25 feet to all their readings while RID made no stage 

corrections for their readings. With the stage correction, the USGS stage-discharge relationship is very 

similar to RID's relationship. From the last six measurements, the standard error of lID's relationship 

with respect to the USGS current meterings was 1.54%. The standard error of the USGS relationship 

with respect to the current meterings over this same time period was 1.63%. The last six current 

meterings all fall in the lower end of the stage-discharge relationship. Therefore, it is not known how the 

USGS or RID relationships will perform in the middle and upper ranges. HD's stage-discharge 

relationship for the New River at the boundary is almost linear (Figure 12). The USGS's current metering 

data also appears in Figure 12. Because the standard error of lID's stage-discharge relationship (1.541/o) 

is less than the estimated current metering accuracy (4.200/o), no additional error was introduced by the 

stage-discharge relationship. A summary of all the errors appears in Table 9. 

Final Estimate ofAnnual Volume Error 

Because only six current meterings were performed in 1996, the random error in the total volume 

measurement will only be reduced by the square root of 6, or 2.449. Using Equation ( 17 ), the 

uncertainty in the total volume for a given year, CVO, can be computed to be 2.03%. The 95% confidence 

interval, CIv, would then be ±4.06%. 

Summary and Recommendations 

The 95% confidence interval for the annual volume that passes through the New River at the boundary is 

about twice the interval for the All-American Canal at Pilot Knob and the Coachella Canal. This is a 

result of the decreased accuracy of the current meterings due to the soft and muddy channel bed of the 

New River and the limited number of current meterings performed in a given year. HD's raw stage- 
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discharge relationship and USGS's stage-discharge relationship using a stage correction are essentially 

the same. 
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Figure 12. Stage-discharge relationship for the New River at the boundary with current metering 
data from US Geological Survey 

Table 9. Summary of errors for flow measurement on the New River at the boundary 

Source of Error Type Estimated 

Magnitude 

I 

Current Meterings Random 4.09% 

Current Meterings Systematic 0.95% 

Stage Measurement Random 1.33% 

Zero Determination Systematic 0.33% 

Integration Over Time `' 0.00% 

Total Random 4.30% 

Total Systematic 1.01% 

Overall 4.42% 
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Alamo River at the Outlet to the Salton Sea 

I113 current meters the Alamo River at the outlet to the sea about once a week. On days when the Alamo 

River is not current metered, the discharge is determined using a stage-discharge relationship that is 

adjusted to the last current metering. 

Current Metering Accuracy 

To verify that the 0.2/0.8 method was appropriate for the Alamo River at the outlet, full velocity profiles 

(10 points) were measured for 6 different verticals on August 22, 1996. A sample velocity profile appears 

in Figure 13. The 0.2/0.8 method predicted the average velocity as determined by the full velocity profiles 

with an average error of about 1%. This indicates that 0.2/0.8 method gives a good estimate of the 

average velocity in the verticals. The a value was estimated to be 1.09 for the Alamo River which also 

indicates that velocity distributions are fairly uniform. Because the Alamo River has such a uniform cross 

section and the 0.2/0.8 method gives a good approximation of the average velocity for the verticals, the 

old method of current metering (constant 4-foot spacing) should not introduce any additional errors into 

the metering. When only half of the verticals were used to calculate the discharge for the August 22, 

1996, gauging, the flow rate was lowered by only 1.5%. 
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Figure 13. Sample velocity distribution on the Alamo River at the outlet (Station 81) 

The average velocity was calculated using the full profile method for the six verticals that full profiles 

were measured. It was assumed that this value was the true average velocity in the vertical. The average 

Draft-07/03/97 38 



velocity was also calculated for these verticals using the 0.2/0.8 method If the velocity distribution truly 

follows the distribution assumed by the 0.2/0.8 method, the ratio of these two average velocities should be 

unity. The velocity ratios were calculated for each of the six verticals (Table 10). The average velocity 

ratio was very close to unity and the standard error for these ratios, CV,,, was found to be 2.92%. Since 

this value is lower than the assumed value of CV„ (4.3%), no additional adjustment for the velocity 

distribution was made and Equation ( 12 ) was used to calculate CV,. 

The average current meter error, CV., for the time prior to May, 1996, was about 3.11%. The value for 

CV, dropped to an average value of 3.01% for the current meterings taken after May, 1996. This 

indicates that HD's old method worked well for the Alamo River. Because the current metering error did 

not change much when IID changed their current metering guidelines, no distinction was made between 

the time periods before or after May, 1996. The average random and bias components for the current 

meterings were calculated as 2.94% and 0.96%, respectively. The average total current metering error for 

all the data points was 3.09%. Although there were many different hydrographers, most of the current 

meterings were performed with the same meter. 

Table 10. Average velocities using the full profile method and the 0.2/0.8 method for the Alamo 
River at the outlet 

Station Average Velocity Using Average Velocity Using Velocity 

Full Profile Method the 0.2/0.8 Method Ratio 

(fps) (fps) 

20 1.400 1.434 1.0239 

36 2.041 1.958 0.9591 

48 2.195 2.290 1.0434 

60 2.238 2.291 1.0236 

73 1.931 1.956 1.0129 

81 1.524 1.515 0.9940 

Acoustic Velocity Meter Accuracy 

From January, 1994, through November, 1994, IID current metered the Alamo River about once a week 

and used the AVM as a check (when it was working). From December, 1994, through September, 1995, 

IID current metered the Alamo River only once a month and relied on the AVM the other 3 weeks of the 

month. After that time period, IID felt the AVM was no longer reliable and they went back to current 

metering the river every week. During the time period that IID relied on the AVM, the AVM flows were 
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as much as 15% under to 7% over the monthly current meterings. During this time period, there were 12 

occasions when the discharge in the Alamo River was measured using both the AVM and a current meter. 

A randomized complete block design was performed on these 12 events with the flow measurement 

techniques acting as the treatments and the individual flow measurement events acting as the blocks. The 

results of this test indicates that there is no statistically significant difference (95% significance level) 

between the current meter readings and the AVM readings. Thus, it was assumed that the AVM readings 

had the same accuracy as the current meterings. The accuracy for the flow measurements performed with 

the AVM alone was assumed to be equal to the average uncertainties of all the current meterings. 

Stage Measurement Accuracy 

HD uses the acoustic echo sounder on the AVM to measure the stage on the Alamo River at the outlet to 

the Sea. This device is mounted on the bottom of the river and measures the depth based on the time it 

takes for acoustic waves to be reflected back from the water surface. In this way, it works like an acoustic 

depth finder in reverse. Assuming the water surface is smooth and the velocity of sound in water is 

calculated correctly by the AVM, the AVM's acoustic echo sounder should be able to determine the stage 

to within t 0.01 feet. This can cause about a 1% error in an individual flow measurement on the Alamo 

River. Since 96 stage readings are made per day, the average uncertainty in flow rate due to stage 

measurement would be 0.10% (i.e., 1% divided by the square root of 96). 

Another source of error that could be introduced is determining the zero for the stage measurement. 

Assuming the surveying was done properly, this error would be on the order of 0.005 feet. The average 

hydraulic depth for the 3-year study period was 5.61 feet. Using the average hydraulic depth, the bias for 

the stage measurement would be 0.091/o. 

Integration Over Time 

Concern has been raised on how the average flow for a given day is calculated. RD takes the 96 stage 

readings they receive per day and averages them. The average flow rate for the day is assumed to be the 

flow rate determined from the average stage. Another option for calculating the average flow rate would 

be to calculate 96 different flow rates per day and average them. The daily stage readings were examined 

for the Alamo River from July 9 to 14, 1996. During this time period, the flow rates were calculated using 

the two methods described above (Table 11). The standard error due to integration over time, CVi,, was 

found using Equations ( 29 ) and ( 30 ). Using the data shown in Table 11 and Equations ( 29 ) and 

( 30 ), CV;, was found to be equal to 0.37%. This value of CV;t  is an estimate of the bias introduced due to 

integration over time. The stage-discharge relationship for the Alamo River is shown below in Figure 14. 

This relationship is nonlinear; however, it is not highly nonlinear especially for the lower stages. The 

maximum flow in the Alamo River over the last three years has been about 1200 cfs which is still in the 
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lower (almost linear) part of the stage-discharge relationship. As a result, it is felt that the there should be 

very little error introduced because of the integration over time. It was assumed that the week of July 9 to 

14, 1996, was representative of how the flow rate based on the average head and the average of the 96 

different flow rates differ for the Alamo River. A summary of all the flow measurement errors appears in 

Table 12. 

Table 11. Comparison of average discharge using 15-minute and daily averaged stage 
measurements for the Alamo River at the outlet 

Date Average Q Using 15 Average Q Using 

Minute Measurements Average Stage 

(cfs) (cfs) 

7/9/96 884.1 882.0 

7/10/96 920.0 924.0 

7/11/96 893.5 882.0 

7/12/96 893.5 882.0 

7/13/96 921.3 915.0 

7/14/96 913.8 915.0 
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Figure 14. Stage-discharge relationship for the Alamo River at the outlet 
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Table 12. Summary of errors for flow measurement on the Alamo River at the outlet 

Source of Error Type Estimated 

Magnitude 

I 

Flow Measurement (CM & AVM) Random 2.94% 

Flow Measurement (CM & AVM) Systematic 0.96% 

Stage Measurement Random 0.100/0 

Zero Determination Systematic 0.090/0 

Integration Over Time Systematic 0.37% 

Total Random 2.94% 

Total Systematic 1.03% 

Overall 3.12% 

Hydraulic Stability of the Alamo River at the Outlet 

A plot of IID's current meterings from January, 1994, to December, 1996, compared to the stage-

discharge relationship for the Alamo River is shown in Figure 15. This plot indicates that the actual 

stage-discharge relationship for the Alamo River is approximately linear and has a different slope than the 

one IID is using. The current metering data from the last three years were curve-fitted with a straight line 

(R2  = 0.68) and that can be represented as: 

Q = 450.7h, —  347,793 (36 ) 

where Q is the discharge in cfs and h, is the water surface elevation in feet. Again, it should be noted that 

a water surface elevation, h„ of 774 feet actually corresponds to an elevations of 774 minus 1,000 or -226 

feet above mean sea level. 

The curve fit in Equation ( 36 ) has an R2  value of 0.68. This implies that 68% of the scatter in the data 

can be explained by the curve fit. The variance, oz, of the data scattered about Equation ( 36 ) can be 

determined from the following equation: 

Q2  — 
 SSE  
n-2 

(37) 

where SSE  is the error sum of squares and n is the number of data points. 
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Figure 15. Current metering data and stage-discharge relationship for the Alamo River at the outlet 

Using Equation ( 37 ), the variance of the data about the curve fit is 11,267 cfs2. This implies that the 

standard deviation is 106.1 cfs. The mean flow rate of all the data used for the curve fit, Q...., is 874.7 

cfs. The coefficient of variation for the curve fit, CVf, would then equal 12.13% (i.e., 106.1/874.7). The 

average uncertainty in the flow measurements was estimated to be 3.12%. This implies that 11.72% (i.e., 

square root of 12.132  minus 3.122) of the uncertainty of the curve fit is still left unexplained A plot of the 

residuals of the curve fit versus time appears in Figure 16. It appears from this plot that the residuals have 

a cyclical pattern that depends upon the time of year. Positive residuals indicate times in which 

degradation occurs; negative residuals indicate times in which aggradation occurs. The residuals mirror 

the flow rate during this time fairly closely. In general, the negative residuals (i.e., times of aggradation) 

occur during low flows while the positive residuals (i.e., time of degradation) occur during high flows. 

Thus, most of the scatter that appears in Figure 15 is due to actual shifts in the river bottom and not 

additional uncertainties in flow measurement. Because IID constantly adjusts the 1979 stage-discharge 

relationship to match the current meterings, the uncertainty due to bed movements is removed if the flow 

rate does not change drastically between current meterings. 

Draft-07103197 43 



300 

200 

100 

>/97 

-300 

Time 

Figure 16. Residuals for curve fit of the Alamo River at the outlet 

To determine if the flow rate changed enough between current meterings to introduce any additional error 

due to bed movement, the average flow rate and stage correction were calculated for every chronologically 

adjacent pair of current meterings (e.g., week 1 and 2 were averaged as were week 2 and 3, etc.). The 

average correction was applied to the average stage and the flow rate was determined using UD's stage-

discharge relationship. If this flow rate differed significantly from the average flow rate determined by the 

current meterings, then there was a dramatic bed shift between the current meterings. On the average, 

these two flow rates differed by only 0.10%. Thus, it was assumed that the bed of the Alamo River did not 

shift dramatically between current meterings. 

As a final check of the accuarcy of the flow measurement techniques on the Alamo River, 4 current 

meterings from the USGS were obtained. Two of these meterings were done prior to May 1996 and the 

other two were done after May 1996. This meterings fall right in the middle of IID's data (Figure 17). 

This indicates that both the USGS and IID are obtaining similar results from their independent current 

meterings. The USGS data also follows IID's general residual trend (Figure 16). 
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Figure 17. Comparison between Imperial Irrigation District and US Geological Survey current 
meterings on the Alamo River at the outlet 

Final Estimate ofAnnual Volume Error 

Because no distinction was made between the times that 1ID strictly current metered and the times that 

HD relied on the AVM, Equation ( 17 ) can be used to calculate the coefficient of variation of the annual 

volume that passes through the Alamo River. The 95% confidence interval for the annual volume, Clv, 

would then simply be twice CVO. A summary of this results appears in Table 13. The number of times 

111) current metered, ncm, compared to the number of times >ID strictly used the AVM, n,,vm, also appears 

in Table 13. 

Table 13. Uncertainty in total volume measurements for various years (Alamo River at the outlet) 

Year I CVV  I C1v  I ncm  I nAm n 

1994 1.10% ±2.20% 62 4 66 

1995 1.12% ±2.24% 23 28 51 

1996 1.10% ±2.20% 48 0 48 

Summary and Recommendations 

The 95% confidence interval for the total volume that passes through the Alamo River in a given year is 

around ±2.21%. This value is slightly higher than the ones reported for the All-American Canal at Pilot 

Knob; however, these Ov  values are still relatively good. Although HD was not strictly following USGS 

guidelines for current metering before May, 1996, the accuracy of these current meterings was not greatly 
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affected. For a large portion of the time in 1995, lID relied heavily on the AVM instead of current 

metering the Alamo River. There was no statistical difference between the current metering and the 

AVM readings during this time period. Thus, it was assumed that the AVM had the same accuracy as the 

current meterings. There are cycles of bed sediment aggradation and degradation in the Alamo River. 

Thus, the channel bed is not hydraulically stable and stage shift employed by III) for the stage-discharge 

relationship must also be used. 

Figure 15 implies that the stage-discharge relationship has permanently shifted and that the current stage-

discharge relationship is more linear than the one III) is currently using. The bias due to integration over 

time could be reduced by using a new stage-discharge relationship. For example, using Equation ( 36 ) as 

the stage-discharge relationship reduces the bias due to integration over time, CV;,, from 0.37% to 0.031/6. 

This reduction in bias would reduce CIV  for 1996 from ±2.20% to ±2.07%. 

New River at the Outlet to the Salton Sea 

III) also current meters the New River at the outlet to the sea about once a week. On days when the New 

River is not current metered, the discharge is determined using a stage-discharge relationship that is 

adjusted to the last current metering. 

Current Metering Accuracy 

We felt that the irregular cross-section of the New River had more of an affect on the current meterings 

than was estimated by the USGS. On August 23, 1996, a detailed current metering was performed on the 

New River. Full profiles (10 points) were measured at 7 stations across the river. The 0.2/0.8 method 

predicted the average velocity as determined by the full velocity profiles with an average error of 0.06%. 

Although the average error was almost zero, the extremes were much greater than in the Alamo River. In 

the shallow part of the river, the velocity profiles were very uniform (Figure 18). However, in the deep 

part of the river, the velocity profiles were very distorted (Figure 19). In this area, there is a slow moving 

section near the bottom and a fast moving section at the top. As a result, the 0.2/0.8 method predicts an 

average velocity that is 13% too slow for this particular vertical (Station 84). In this same vertical, the 0.6 

method predicts an average velocity that is 22% too fast. In the next full profile vertical (Station 90), the 

0.2/0.8 method predicts an average velocity that is 8% too fast. An a value of 1.24 was estimated for the 

New River. An a value this high is also an indication that the New River has a distorted velocity profile. 
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Figure 18. Sample velocity distribution in the shallow part of the New River at the outlet (Station 
74) 
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Figure 19. Sample velocity distribution in the deep part of the New River at the outlet (Station 84) 

Once again, the average velocity was calculated using the full profile method for the seven verticals that 

full profiles were measured and it was assumed that this value was the true average velocity for the 

vertical. The average velocity was also calculated for these verticals using the 0.2/0.8 method. Next the 

ratio between these two velocity calculations was determined. Like the Alamo River, the average velocity 

ratio was very close to unity. However, the standard error of these ratios, CT,;.,, was found to equal 6.7%. 
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Since this value was higher than the assumed value of 4.3%, CV„ was set equal to 6.7% in Equation 

( 10 ). In this case, CV, can be calculated using the following expression: 

43.09 (~ ) 

N 
CV, = + 1.80 

For all the current metering accuracy calculations on the New River at the outlet, Equation ( 38 ) was used 

to calculated CV, instead of Equation ( 12 ). 

The average current metering error, CVq, before May, 1996, was about 3.61%. After May,, 1996, the 

average value of CVq  dropped just slightly to 3.59%. This small change in uncertainty indicates that 

changing the vertical spacing did not have a significant affect on the accuracy of the current metering 

despite the irregular cross-section of the New River. Thus, no distinction was made between current 

meterings performed before or after May, 1996. Combining all the current meterings together over the 

three year study period indicates that the average random component of the current metering uncertainty, 

CV,q, was 3.491/6  while the average bias in the current meters, CVbq, was about 0.94%. The average 

current metering error, CVq, would then equal 3.61%. Most of the stream gaugings were performed with 

the same current meter. 

Full profiles were not measured downstream of the observation pier because the water depths were too 

shallow to permit it. Therefore, it is not certain how this obstruction would affect the current meterings. 

Since no assessment can be made for this error, the USGS (Sauer and Meyer, 1992) suggest that the 

current metering uncertainty is greater than the uncertainty calculated by their method. Thus, current 

meterings of the New River after May /1996, have an uncertainty that is greater than 3.61%. 

Stage Measurement Accuracy 

RD uses a constant force Celesco position indicator and a float to measure the stage on the New River at 

the outlet. This stage detection system is subject to errors because variations in the spring tension will 

change the relative buoyancy and the zero reference of the float. In other words, the actual water level 

will have to raise or lower a given amount before the float will move. This error is negligible if a large 

diameter float is used. Unfortunately, RD is using 4-inch diameter float. This size float can cause a stage 

reading error of about 0.03 feet (Replogle, 1997). The stage measured by the float will be either too high 

or too low depending on whether the water surface is falling or rising. The stage detection system would 

cause a bias in the system if the stage remained constant for a long period of time; however, this is not the 

case. The stage in the New River is always rising or falling and over time these stage fluctuations should 
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remove any bias due to using too small of a float. The New River also has the problem of having a float 

that is too small (4 inches). At low flows, the float error is about 1.1% while at high flows, this error is 

about 0.8%. Again, it is felt that these errors are random and will cancel each other out over time due to 

the constant fluctuations in the water surface. Using an average random float error of 0.950/a, the average 

daily flow rate would have an uncertainty due to float error of 0.10% (i.e., 0.95% divided by the square 

root of 96). 

Another source of error that could be introduced is determining the zero for the stage measurement. 

Assuming the surveying was done properly, this error would be on the order of 0.005 feet. The average 

hydraulic depth for the time period under consideration was 3.91 feet. Using the average hydraulic depth, 

the bias for the stage measurement due to zero determination would be 0.13%. 

Integration Over Time 

The stage-discharge relationship for the New River is shown in Figure 20. Again note that in Figure 20 a 

water surface elevation of 776 feet corresponds to an elevation of 776 minus 1,000 or -224 feet above 

mean sea level. It is surprising that this relationship is almost linear even though the cross-section of the 

river is highly irregular. Because the stage-discharge relationship is almost linear, there is very little error 

introduced in using the average stage to calculate the daily flow rather than averaging the flow rates 

calculated from the 96 different stage readings for the day. Once again, the week of July 9 to 14, 1996, 

was used to estimate the error due to integration over time. The flow rate was calculated for each of these 

days by using the average stage and by using the average of the 96 individual stages (Table 14). The 

standard error of the daily averaged flow rates with respect to the hourly averaged flow rates was used as 

an estimate of the error introduced due to integration over time (CVit). Using the data in Table 14 and 

Equations ( 29 ) and ( 30 ), CV;t  was found to be equal to 0.03%. This value of CV;t  is an estimate of the 

bias introduced due to integration over time. It was assumed that this value is typical of the bias 

introduced due to integration over time for the entire year. 

A summary of all these errors appears in Table 15. It should be noted that the overall uncertainty reported 

in Table 15 is a minimum value. Additional error from the disturbance created by the observation pier 

should make this uncertainty higher, however, it is not known how to assess this error. Since the depth 

and velocity there are small, the effect should not be significant. 
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Figure 20. Stage-discharge relationship for the New River at the outlet 

Table 14. Comparison of discharge using 15-minute and daily averaged head measurements for the 
New River at the outlet 

Date Average Q Using 15 Average Q Using 

Minute Measurements Average Stage 

(cfs) (cfs) 

7/9/96 595.4 595.0 

7/10/96 589.5 589.0 

7/11/96 604.3 605.0 

7/12/96 609.3 609.0 

7/13/96 608.7 609.0 

7/14/96 608.8 609.0 
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Table 15. Summary of errors for flow measurement on the New River at the outlet 

Source of Error Type Estimated 

Magnitude 

Current Metering Random 3.49"/o 

Current Metering Systematic 0.94% 

Stage Measurement Random 0.100/0 

Zero Determination Systematic 0.13% 

Integration Over Time Systematic 0.03% 

Total Random 3.49% 

Total Systematic 0.95% 

Overall 3.62% 

Hydraulic Stability of the New River at the Outlet to the Sea 

A plot of IlD's current meterings from January, 1994, to December, 1996, compared to the 1979 stage-

discharge relationship for the New River at the outlet is shown in Figure 21. This plot indicates that the 

actual stage-discharge relationship is approximately linear with the same slope as the 1979 stage-

discharge relationship. The only difference is that the new stage-discharge relationship has shifted down 

from the established stage-discharge relationship. The current metering data from the three year study 

period were curve-fitted with a straight line that can be represented as: 

Q = 190.5h, —147,168 (39) 

The curve fit in Equation ( 39 ) has an R2  value of 0.80. This implies that 80% of the scatter in the data 

can be explained by the curve fit. The variance was calculated using Equation ( 37 ) and has a value of 

2,129.7 cfs2. From this, the standard deviation can be calculated as 46.15 cfs. The mean flow rate of all 

the data used for the curve fit, Q.,.., is 638.1 cfs. The coefficient of variation for the curve fit, CVO, 

would then equal 7.23% (i.e., 46.15/638.1). The overall uncertainty of the flow measurements in 3.65%. 

This implies that 6.24% (i.e., square root of 7.232  - 3.652) of the uncertainty of the curve fit is still left 

unexplained. Once again, the residuals of the curve fit were examined and can be seen in Figure 22. The 

residuals for the New River are also cyclical and appear to vary with flow rate and time of the season. In 

general, the negative residuals appeared in times of low flows while sediment aggradation was occurring 

and positive residuals appeared in times of high flow while bed degradation was occurring. The residuals 

indicate that most of the scatter in Figure 21 is due to actual shifts in the river bottom and not additional 

uncertainties in flow measurement. Because RD constantly adjust the 1979 stage-discharge relationship 
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Figure 21. Current metering data and stage-discharge relationship for the New River at the outlet 
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Figure 22. Residuals for curve fit on the New River at the outlet 
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Just like for the Alamo River, the average flow rate, stage, and stage correction were examined for every 

pair of adjacent current meterings to determine if there was any additional error due to bed movement. 

Once again, this method did not introduce any significant error. Thus, it was assumed  that the bed of the 

New River at the outlet did not shift dramatically between current meterings. 

As a final check of the accuracy of the flow measurement techniques on the New River at the outlet, 4 

current meterings were obtained from the USGS. Two of these were performed prior to May 1996 and the 

other two were performed after. From the plot in Figure 23, it appears that the USGS is consistently on 

the high side compared with IID's data. However, a plot of the residuals versus time of the USGS data 

indicates that the USGS data follows the general residual trend of the RD's data (Figure 22). The four 

points that were picked for comparison happened to occur during times of bed degradation (i.e., positive 

residuals). Thus, it was concluded that the USGS data falls within the scatter of lID's data and that IID 

and USGS are obtaining similar results. 
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Figure 23. Comparison between Imperial Irrigation District and US Geological Survey current 
meterings of the New River at the outlet 

Final Estimate ofAnnual Volume Error 

Equation ( 17 ) can be used to calculate the coefficient of variation of the annual volume that passes 

through the Alamo River. The 95% confidence interval for the annual volume, Clv, would then simply be 

twice CVv. A summary of this results appears in Table 16. 
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Table 16. Uncertainty in total volume measurements for various years (New River at the outlet) 

Year CVO  Cl, n 

1994 1.05% ±2.100/c 66 

1995 1.07% ±2.14% 51 

1996 1.08% ±2.16% 48 

Summary and Recommendations 

The 95% confidence interval for the total volume that passes through the New River in a given year is 

around ±2.13%. This value is just slightly higher than the ones reported for the All-American Canal at 

Pilot Knob and lower than the values reported for the Alamo River at the outlet. Although IIIID was not 

strictly following USGS guidelines for current metering before May, 1996, the accuracy of these current 

meterings was not greatly affected. There are cycles of aggradation and degradation in the Alamo River. 

Thus, the channel bed is not hydraulically stable and stage shift employed by IID for the stage-discharge 

relationship must also be used. 

It is surprising that the New River has a lower estimate for C1v  than the Alamo River because of the 

irregular cross-section of the New River. The low CIv  values on the New River is due to two reasons. 

First, the large number of current meterings performed in a given year (55 on the average) almost 

eliminates the increased random error due to the velocity distribution (CV,). Second, the stage-discharge 

relationship for the New River is more linear than the one for the Alamo River. Thus, there is very little 

random error and no bias introduced due to integration over time. This is further supported by noting that 

the coefficient of variation for the curve fit (CV f) is less for the New River (7.231/o) at the outlet than for 

the Alamo River (12.13%). This indicates that even though the New River has a distorted bed profile, it is 

actually more stable than the Alamo River. The estimate for the current metering accuracy on the New 

River is a minimum value. The accuracy is actually worse than recorded; however, there is no way to 

assess what influence the observation pier has on the current meterings. 

CONCLUSIONS 

The final estimates for the 95% confidence intervals of all the five key study sites in shown in Table 17. 

All of the values of CIS  are relatively good. This is consistent with good flow measurement methodology. 

Very little systematic error could be identified and most of the random error is compensated because of the 

large number of current meterings that HID performs each year. 
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Table 17. Summary of CIv  values for five key sites in the Imperial Irrigation District 

Site I  Year I  Clv  

All-American Canal 1994 ±2.02% 

1995 ±2.04% 

1996 ±1.96% 

Coachella Canal ±2.38% 

New River at Boundary ±4.06% 

Alamo River at Outlet 1994 ±2.20% 

1995 ±2.24% 

1996 ±2.20% 

New River at Outlet 1994 ±2.10% 

1995 ±2.14% 

1996 ±2.16% 

Some the important conclusions are summarized below: 

1. Because the gauging station on the All-American Canal at Pilot Knob and the 7 radial gates are so 

hydraulically stable, it is probably unnecessary to apply the correctional shift, S, to their discharge 

calculations. 

2. Although the calibration of the 50-foot Parshall flume at the heading of the Coachella Canal is 8-20% 

off of standard published values, it is felt that this calibration is accurate and correct. The non-

standard transition between the main channel and the Parshall flume may be the reason for this 

discrepancy. 

3. The New River at the boundary has the worst estimate for Clv. This is a result of the decrease 

accuracy of the current meterings due to the soft and muddy channel bed and shallow water depths in 

the New River at the boundary. The small number of current meterings performed on the New River 

at the boundary also contribute to the high value of Clv. 

4. For a large portion of the time in 1995, HD relied heavily on the acoustic velocity meter instead of 

current metering on the Alamo River at the outlet. There was no statistical difference between the 

current metering and AVM readings during this time period. 

5. Both the Alamo and New Rivers at the outlet are subject to cycles of aggradation and degradation. 

Because these channel beds are not hydraulically stable, HD must continue to use their stage shifts in 

order for their stage-discharge relationships to work. 
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6. Although the New River at the outlet has a highly irregular cross-section, it had better values for CIS  

than the Alamo River at the outlet. The low values of CIv on the New River at the outlet is due to two 

reasons. First, the large number of current meterings performed in a given year almost eliminates the 

increased random error due to the distorted velocity profiles. Second, the stage-discharge relationship 

for the New River at the outlet is almost linear and there is very little error introduced due to 

integration over time. 

7. IID should develop a new stage-discharge relationship for the Alamo River at the boundary because 

the current relationship is more linear than the one they are using. A new stage-discharge 

relationship would reduce the error due to integration over time and improve the estimate of CIv. For 

example, using Equation ( 36 ) as the stage-discharge relationship can reduce the CIS  value for 1996 

from ±2.20% to ±2.07%. 
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DEFINITION OF VARIABLES 

a distance from the bed to the last metering position 

b, width of radial gates at Pilot Knob 

C constant between 5 and 7 

C. dimensionless discharge coefficient for radial gates at Pilot Knob 

CI 95% confidence interval 

CIS 95% confidence interval of the total volume 

CV total uncertainty of an individual discharge measurement (coefficient of variation) 

CVb total bias of an individual discharge measurement 

CVb, systematic error due to the original calibration of the Parshall flume 

CVb, total bias for a given current metering 

CV& systematic error due to calibration table 

CV,f coefficient of variation for a curve-fit 

CVd random error caused by depth measurement 

CVd; systematic error due to difference between two instruments 

CVb random error caused by oblique flow 

CV,,,,, random error due to head measurement 

CV; systematic error of the current meter 

CV;, systematic error due to integration over time 

CV„, systematic error due to insufficient number of verticals 

CV, standard error of individual discharge measurement 

CV, total random error of an individual discharge measurement 

CV, random error due to the original calibration of the Parshall flume 

CV,, total random error for a given current metering 

CV,., coefficient of variation of the ratio of the measured average velocity to the actual average velocity 

CV„ systematic error due to a rating table 

CVs random error due to vertical distribution of the flow 

CVsb systematic error due to the width 

CVsd systematic error due to the depth 

CVs,, systematic error due to the velocity 

CV, random error caused by pulsation of velocity 

CV„ random error caused by horizontal distribution of depth and velocity 

CVO uncertainty of the total volume measurement 
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CV,d systematic error due to zero determination 

D hydraulic depth 

g gravitational acceleration 

ha upstream head on Parshall flume 

hb downstream head on Parshall flume 

h, water surface elevation of rivers in feet 

i counter 

K discharge coefficient 

Q discharge 

Q,..,, average discharge 

M expected value of a measurement 

mi expected value of flow measurement i 

MV expected value of the sum of all n flow measurements 

n number of flow measurements in a given time period or number of data points 

nAVM number of AVM readings during a given time period 

ncm number of current metcrings during a given time period 

nom„ number of current meters used 

N number of verticals 

P average correlation coefficient (defined as 0.04) 

S standard deviation of a measurement 

S, standard deviation of daily average flow rates with respect to hourly averaged flow rates 

S shift applied to radial gates at Pilot Knob 

SSE error sum of squares 

T arbitrary time period 

t time of exposure 

At time increment 

V velocity 

va velocity at a point a distance a from the bed 

vaw average velocity in a channel 

v,,,a= maximum velocity in a channel 

vy velocity at a point a distance y from the bed 

Vt total volume that passes through a site in a given time period 

W gate opening of radial gates at Pilot Knob 

X daily averaged flow rate 

X, hourly averaged flow rate 
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Y distance from the bed of a channel 

Y, water depth upstream of radial gates 

Y2 water depth downstream of radial gates 

a velocity distribution coefficient 

E v,../v„. - 1 

a2 variance 
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