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?urpose nu: lj\,;~ 1 

VREN BORROWED RETURN PROMPTLY 
These studies were made to determine the accura'cy of the flow rate . 
indicated hy two ~leasure-Rite me t ers that had been used for the 
"study of the use of water on Federal irrigation projects" in the 
Angostura Unit, ~lissouri River Basin Project» South Dakota. 

Background 

In his travel report to Chief Engineer, Subject: Report of trip to 
Region 6 projects, May 24 to June 6, 1964, Mr. s. T. Larsen 1 

Irrigation Operations Division, Denver, Colorado, noted that proje~t 
personnel had experienced difficulty in accurately measuring water 
with their Measure-~ite meters installed in metergate structures. 
In one case, the project reported that an 18-inch Measure-Rite pro­
peller meter had indicated 1.5 cfs while at the same time a Clausen 
weir rule indicated 2.7 cfs and a metergate indicated 3.5 cfs. ' 
Because of the disagreement among the flow measurements, the Angostura .. 
Field Section, Oral, South Dakota, requested that two 18-inch ~leasure- . 
Rite open-flow propeller meters t,e examined and tested by the 
Hydraulics Branch in the Denver Offico. · 

,. ! ,· • • '. 

Investigation 

Previous field use of meters.--Two meters were shipped to the 
Tiy<lraulics Branch from the Angoslura Unit. They were 18-inch ~!easure­
Rite open-flow propeller meters, Head No. GI4505.18, Shaft No. 8326036 
and Head No. GI4505.19, Shaft No. 8326037. For the purpose of this 
discussion, these meters will be called Meters No •. 36 and 37J resppc­
tively. Meter No. 36, according to a stater.:ent furnished by project 
personnel, had been used in the field for 680 hours, had been dry 
three times, and had registered about 70 percent of the ratds indica­
ted by a metergate and a Clausen weir rule. lvhen the meter was 
received, the totalizer read 139,5 acre-feet. Assuming that this 
volume of water was measured in 680 hours, the average flow rate was 
about 2.5 cfs. Meter No. 37 was used 210 hours in the field, was dry 
once, and registered about 115 percent of that measured by the other 
two methods. The register of this meter read 88.9 acre-feet when 
received. Assuming that this volume corresponds to the 210 hours of · 
operation, the average rate of flow past the meter was about S.2 cfs. 

Laboratorx installation .--In the 1 aboratory the meters P one at a tirne, 
were installed in a typical Angostura 18-inch turnout, Figure 1. 
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Water was pumped from the laboratory supply through two right-angle 
bends and a 12-inch gate valve to a 20-foot-long, 12-inch-diarneter 
approach pipe. Then the water passed through a transition section, 
and 8 feet of 18-inch steel delivery pipe were connected to an 8-
by 10- by 3-foot box shown in Figure 2A. Stop planks and a control 
wcl 1 were use<l in the field turnout an<l in the laboratory installa­
tion to maintain submergence above the top of the delivery pipe. 
The control well and angle iron stop plank slots arc shown in 
Figure 2B. Fir,ure 3 shows stop planks in place to maintain the 
minimum 9-incli head measured above the top of the 18-inch pipe. 
The transition from the end of the control well to the canal and 
the canal shape itself, as shown in r:igure 1, were not reproduced . 
in the laboratory installation. This omission woul<l not affect the 
results obtained. 

Laboratory measurements. --True flow rates throui::h the laboratory 
turnout were measured before the flow entered the turnout using 
calibrated Venturi meters that are a permanent part of the hydraulic 
laboratory equipment. The Venturi meters measure disci1arges within 
an accuracy of! 1 percent. The differential pressure across the 
Venturi meter used to in_dicate the discharge was read and averaged. 
during each run ma<le to test the propeller meters. 

To obtain discharge values from the in<lications on the propeller 
meter for comparison with the Venturi meter values, the totalizer 
was read in acre-feet at the beginning and end of a time interval 
measured in seconds. The time interval and the diffGrence between 
totalizer readings was used to compute the cfs rates. Each data 
point plotted in Figure 4 is laboratory Venturi meter discharge 
versus meter registration. Meter registration is defined as indica­
ted propeller meter discharge in percent of laboratory Venturi dis­
charge. The four curves are calibrations of the propeller meters. 
Two of the curves are for Meter No. 37 before removing sediment 
from the propeller shaft housing, one is for Meter No, 37 after 
removing sediment, and one curve is for Heter No. 36 after removing 
sediment. 

Calibration of Meter No. 37. --Heter No. 37 was installed and cali­
brated as received from the field, The first test was made for a 
laboratory discharge rate of 1 cfs; the rate was then increased in 
increments up to 5 cfs. The data for this calibration are plotted 
as open triangles in Figure 4. These data show much scatter about 
the dashed line labeled Curve A. To further define and verify the 
previous calibration data, additional data were obtained with the 
discharge decreasing in increments. These data arc plotted as 
solid squares, Figure 4, and have much less scatter. Ho1-1ever, the 
propeller ceased to rotate at 1.8 cfs rather than at 1 cfs as shown 
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in Curve A of Figure 4. Because of the decrease in data scatter and 
the higher discharge required to start propeller rotation, these 
data were considered a separate calibration and the curve was desig- . 
nated Curve B. 

Inspection of pivot bearing, Met er No. 37.--After obtaining the data 
for Curve B, the propeller was t urned by hand. The bearing sounded 
noisy. The mechanical parts and the inside wall of the propeller 
shaft housing, Figure 5, were repeatedly .flushed with clear water· 
which Nas caught in a container . A total of 14.5 grams dry weight 
of silty clay sediment was removed. 111is was after the meter had 
delivered 6.7 acre-feet of clean laboratory water. The dry sediTilent 
cake is shown in Figure 6A. 

The propeller housing was removed from the register shaft housing, 
Figure S, and the jewel pivot bearings and the brass bearing plate 
were inspected. The jewel on t be propeller side of the brass­
bearing plate showed considerable wear and fracturing. Enough of 
the jewel was missing (shown magnified nine times in Figure 7A) to 
allow the sediment around the t ~rust ball to wear the brass bearing 
plate around the periphery of the jewel. The jewel bearing on the 
register side, Figure 78, was in better condition and the brass was 
not being ,rnrn. The thin part of the brass bearing plate shown :i.n 
Figure 5 had circular scoring or groovelike wear on the propeller 
shaft side. This scoring Tilay have been caused either by sediment 
grinding between the magnet and the bearing plate or by direct con­
tact of the magnet on the plate as the jewel wore away, decreasing 
the gap between the magnet and plate. 

Recalibration of i\lcter No. 37.--J\fter removing the sediment and 
reassembling and installing the meter in the laboratory facilities, 
the meter wo.s calibrated over the full discharge range. These data.11 
obtained as previously discussed, are shown as open circles and the ·· 
calibration is identified as Curve C in Figure 4. 

Inspection of pivot bearings, Heter No. 36 .--Before calibrating 
Meter No. 36, the shaft housing was repeatedly flushed with clean 
water. A total of 0.3 grams dry weight of sandy sediment was 
removed, The sediment did not form a cake upon drying, Figure 6B. 
The jewel pivot bearings were inspected and each was found to be 
worn and each was fractured, Figures 8A and 88; the jewel on t]l-9 
register side of the meter was damaged less than the other three 
inspected bearings. Calil,ration data were obtained as previously 
described and the calibration of Heter No. 36 is shown as Curve D, 
Figure 4. 
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Discussion of Results 

Company specifications, test records, and laboratory per form an cc. -­
The Badger Manufacturing Company states an accuracy for their 
Measure-Rite meters as:!: 2 percent of actual flow within the normal 
range from about 1 to 10 cfs for the 18-inch meters. The company 
test records obtained before field use for the same two meters 
tested in the Bureau's laboratory are included in the appendix of 
this memorandum. 

The laboratory calibration Curves C and D in Figure 4 shm1 that 
Meter No. 36 had~ 2.5 percent accuracy from 2 to 10 cfs and ~~ter 
No. 37 had this accuracy from about 1. 4 to 2 cfs. In Tables 1 mid 
2, the laboratory registration data are compared Nith the company 
meter test record data. These tables shO\~ that during the labora­
tory test, the propellers of both meters would not turn at the 
lowest discharge used by the company for their meter tests. Table 2 
shows that the difference between laboratory and the company regis­
tration for Meter No. 36 was within 2 percent for discharges equal 
to and greater than 4.6 cfs, Table 1 shows a difference between 
laboratory and company calibrations for Heter No. 37 ranging to 
11 percent for discharges equal to and greater than 4.6 cfs. 

Effect~ of worn bearings.--It is usually expected that wearing of 
bearings would cause a propeller meter to slo1·1 dm·m. Comparing the 
company meter registration before field use with the laboratory 
registration after field use (Columns 2 and 3 of Table 1) indicates 
that the propeller speeded up after the bearings were damaged. Two 
possible causes for this increase in propeller speed come to mind. 
(There may be others.) The gears may have been changed without 
record after the company meters had been tested. Another possi­
bility is that some part of the meter was overtightened or out of 
adjustment during the company record test, then subsequently loosened 
by operation or wear during field use. 

Effects of turnout geometry .--Previous laboratory studies indicate 
that the large differences between discharges measured by the 
Measure-Rite meters and the other measuring methods used at the 
Angostura Unit probably cannot be caused by the stop planks. Also, 
the data of the calibration curves in Figure 4 did not indicate 
metering errors as large as those experienced in the field. A copy 
of th~ Report No. Hyd-545 "Investigations of the Turnout Geometry 
on the Registration Accuracy of a Propeller-type Open Flow Heter" 
is included in the appendix. Comparison of the farm turnout in 
Figure 1B of Hyd-545 and the Angostura farm turnout, Figure 1 of 
this memorandum, shows that they are similar in that the flow is 
abruptly forced upward by vertical walls or stop planks. For the 
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Hyd-545 farm turnout, the vertical wall was at a distance equal to 
1-1/2 outlet diameters downstream of the pipe exit and the vertical 
rise was equal to 2 diameters. For the Angostura farm turnout, the 
stop plank slot was 1 diameter downstream and maximum height of 
planks needed to maintain the 9-inch submergence head on top of the 
pipe exit was equal to about 1-1/3 diameters for flmv of 1 cfs. _ The 
differences in geometry between the Angostura and the Hyd-545 fam 
turnouts were not considered to be a major contributor to the large 
differences between discharges measured with the Neasurc-Rite meters 
and measurements obtained with the Clausen weir rule or metcrgates. 

Conclusions 

Based on the studies and investigations of these two meters, the 
following was concluded: 

1. Results of these and the previous studies described in the 
enclosed copy of Report No. Hyd-545 indicate that the stop planks 
should not contribute errors of discharge of the magnitude 
experienced in the field. 

2. As shown by Curve A (triangular data points) in Figure 4, the 
sediment found in the propeller shaft housing caused scatter in 
the measured discharge values. 

3. The presence of sediment may have caused erratic measurements 
during field use of the meter. 

4. As shown in Curve D1 Figure 4, Meter No. 36 had registered 
the discharge with an accuracy of~ 2.5 percent of a calibrated 
Venturi meter flow, from 2 to 10 cfs, after removing sediment 
from the propeller shaft housing and using clean laboratory 
water. 

5. As shown in Curve C, Figure 4, Meter No. 37 registered the 
discharge with an accuracy of! 2.5 percent of a calibrated 
Venturi meter flow, from 1. 4 to 2 cfs, after removing sediment 
from the propeller shaft housing and using clean laboratory . 
water. Differences ranging to 8 percent were measured for dis­
charges larger than 2.0 cfs. 

6, The jewel pivot bearing, Figures 5, 7, and 8, was badly 
fractured and in some cases enough of the jewel was missing to 
cause wear on the brass bearing plate. The fracturing was 
probably caused by the impact of the propeller shaft on the 
jewel caused by surges in the flow or by forces delivered while 
attaching and removing propellers, rather than by sediment 
grinding. 
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METE~ NO. 37 

Comparison of Company and L~boratory Flow Registration for 
18-inch Measure-Rite Propeller Meter No. Head GI 4805.19-­

Shaft 8326037 After ~HO Hours Field Operation 

(1) (2) (3) (4) 
Company meter Laboratory meter 

.Discharge, registration, registration, Difference of 
cfs Eercent Eercent registrations . . 
9.50 99.0 

4.60 97.3 

0.96 . 96.3 . 
• . 

106.4 

108.0 

Propeller would 
not turn 

Table 2 

METER NO. 36 

7.4 

10. 7 

Comparison of Company and Laboratory Flow Registration for · 
18-inch Measure-Rite Propeller Meter No. Head GI 4805.18-­

Shaft 8326036 After 680 Hours Field Operation 

(1) (2) (3) (4) 
Company meter Laboratory meter 

Discharge, registration, registration, . Difference of . 
cfs . Eercent Eercent : re~istrations . . . 

10.0 102.3 102.3 o.o . . 
4.6 100.0 102.0 . 2.0 . . . . . 
0.95 99.3 Propeller would . not turn . . . . . . . 
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A. Laboratory installation for testing Measure-Rite 
meters showing the expansion from 12-inch laboratory 
pipe to the 8-foot-long, 18-inch delivery pipe. 

L 
B. Looking upstream at ~~asure-Rite meter in the 18-inch 
delivery pipe. One stop plank in place across end of 
control well. 
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-

Upstream view of Measure-Rite meter in 18-inch 
delivery pipe. Stop planks installed to main­
tain minimum 9-inch head on delivery pipe. 
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CALIBRATION CURVES FOR 18 INCH OPEN FLO',Y PROPELLER J.IB'l'ERS 

BADGEfl MEASURE-RITE METER NUMBERS 

Head# GI 4BoS.l8- Shaft# 8326036 - Ueter No. 36 
and 

Head # GI 4805'. .19- Sh.ft # 8326037 - Meter No. 37 

C~t.ober and t!ovember, 1966 
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Figure 6 
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A. Silty clay sediment removed from inside the propeller 
shaft housing of Meter No. 37 after passing 6.7 acre-feet 
of water during laboratory calibration with clean water. 

B. Sandy sediment removed from inside the propeller shaft 
housing of ~leter No. 36 before laboratory calibration. 



c·) 0 Figure 7 

. ,, {'~' ....... •;,•,;.::, 

A. Propeller side (jewel in center of photograph). 

. ..... •.-.• ! 

, .. - .. ,~.~.,.,~·.,<; ·}' 

B. Register side. 

Condition of jewel pivot beari11-gs and· brass bearing plate of Meter 
No. 37 after removing sediment but before ohtaining final' JaboratoTy 
calibration (magnified 9X). 

,,/ 
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A. Propeller side (jewel in center of photograph). 

B. Register side. 

Condition of jewel pivot bearings and brass bearing plate of Meter 
No. 36 after removing sediment before obtainfog laboratory calibra-
tion (magnified 9X). 
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APf ENDIX 

LABORATORY TESTS I.ND INSPECTION OF TWO 
MEASURE-RITE OPEN FLO\\' PROPELLER METERS 

October an~ November 1966 

... .. ' ';. 
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