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ABSTRACT 
 
The field performance test results should have an uncertainty analysis to provide a band 
of acceptable data values.  The uncertainty will consist of the systematic and random 
components.  All the test result values will be acceptable within the uncertainty band.  
Unrealistic presentation of uncertainties will impact on confidence of the test results 
 
There are subjective and objective measures of the uncertainties.  The requirement of an 
objective measures of uncertainties are very important to establish a true value of the test 
data accuracy. 
A subjective reasoning of uncertainties may describe the measured data as “accurate”, 
“right on”, “astonishing close”, “highly accurate”. 
The objective uncertainty evaluation can be described as the basic concept of elemental 
uncertainty analysis which consist of two parts, the random uncertainties (Precision), and 
the systematic uncertainties (bias). 
 
The concept of analyzing both uncertainties combined together (random and systematic) 
to a single number to describe measurement uncertainties which combine the effect of 
precision and bias. 
 
This is an attempt to apply the IEC test code uncertainties definitions in a practical way to 
evaluate the field test uncertainties. 
 
This paper will present the measurement elements of a field performance test.  The Flow 
was measured by the Pressure Time Method using the Gibson Instrument.  The head, 
output and wicket gate opening were measured by high accuracy instrumentation. 
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1. MEASUREMENT OF FLOW (GIBSON PRESSURE-TIME METHOD) 

The following uncertainty analysis is prepared according to the test codes IEC - 41, and 
ASME PTC 18-1992 
 
The uncertainties, both systematic and random, associated to the measurement of flow are 
dependent on the measurement of many parameters as described below.  Table 1 presents a 
summary of the uncertainty values associated with the measurement flow.  While, the 
detailed analysis of flow uncertainty is presented in Table 2. 
 
In the uncertainty analysis the following parameters are used 
 

 Description Units 
AGIBSON net area of the Gibson diagram in2 
er Random error  
es Systematic error  
e Total Uncertainty = (er

2 + es
2) 1/2  

F pipe factor  ft-1 
g gravitational acceleration  m/sec2 
K Gibson Instrument Constant  
M Specific gravity of mercury  lb/ft3 
PDIA Penstock Diameter metres 
PLG Distance Between Gibson Piezometer Taps metres 
Q turbine flow m3/s 
QLEAKAGE Leakage from the wicket gates   ft3 /s 
R Ratio of cross sectional area of glass tube to area of the 

riser of Gibson Instrument 
 

S Time constant of Gibson Diagram inches 
  

2. Calibration of the Gibson Instrument (K)  

The Gibson Instrument was calibrated before the tests.  The calibrations were carried out at 
our facilities to determine the Gibson Instrument Constant.  The uncertainty of the Gibson 
instrument consists of the following elements. 
 

3. Determination of the Acceleration due to Gravity  (g) 

The acceleration of gravity is calculated from the standard acceleration due to gravity and 
adjusted to the proper latitude and altitude.  The systematic uncertainty is based on IEC code 
recommendations. 

4. Determination of the Specific Gravity of Mercury  (M) 
The mercury specific gravity was measured by an independent laboratory and found to be 
13.5757 lb/ft3 at 25° C.   The specific gravity was adjusted to 13.5749 lb/ft3  at 20°C.  
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5. Ratio of Areas - Two Legs of the Gibson Apparatus Manometer Tubes  (R) 

The Gibson Apparatus is fabricated with very high precision. The Gibson instrument was 
calibrated immediately before the test using a micrometer and a precise pressure source. 
 

6. Pipe Factor  (F) 

7. Penstock Diameter Measurement (PDia.) 

The penstock diameter was measured using a surveying technique with checking the upper 
and lower piezometer taps using a custom made micrometer.  The measurement was carried 
out by Remote Access Technology.  Analysis and computations were undertaken by Capital 
Projects Group Inc. (CPG Inc.) 
 

8. Measurement of distance - Upper and Lower Gibson Piezometer Taps (PLG) 

Measurement of distance between the upper and lower piezometer taps uncertainties are 
from the measuring Tape length uncertainty (100 ft), Thermal Expansion & Contraction,  
Measuring procedure 
 

9. Leakage Past Turbine after Gate Closure  (QLEAKAGE) 

The uncertainty arising from determining the leakage through the wicket gates after the 
closure of the gates.  The uncertainty is a function of the gate clearance area calculations and 
the coefficient of flow. 

10. Setting up the Lens of the Gibson Apparatus 

The setting up of the lens of the apparatus to produce a 1 to 1 ratio of object and image.  The 
Gibson instrument is built with a very high level of precision.  The lens was calibrated, 
following uncertainties were determined during this calibration process: 

11. Time Measurement by the Suspension Rod of the Pendulum (S) 

The uncertainty is determined by measuring the time lines on the diagram. 
 

12. Determining the Gibson Diagram Area (AGIBSON) 

The uncertainty evaluation depends on the digitizer accuracy, print correction factor and 
integration techniques and the operation of digitizing.  The uncertainties associated with 
each of these factors are described below. 

13.  Digitizer Accuracy 

Accuracy was specified by the digitizer manufacturer. 
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14. Print Correction 

The print correction factor is determined by comparing four corners on the film to the same 
four points on the print. 
 

15. Integration Techniques 

Determining the area under the pressure wave diagram, the starting and diagram ending 
points, the harmonic effect, and the method of fitting a graph to the digitized data. 
 

16. Digitizing Technique 

The uncertainty from the actual digitizing, the number of digitized points, the selection of 
the location of the points, etc. 

17. "Nebenbewegungen" or Conduit Friction Tolerance 

 Accessory motion of the water column in the penstock as per ASME Paper 58-A-
78. 
 

18. Friction in the Mercury Manometer 

Mercury column friction in the manometer, as per ASME paper 58-A-78 
 

19. Inertia of the Mercury  

Mercury column inertia in the mercury manometer, as per ASME paper 58-A-78. 
 

20. Elasticity, Water Pulsation, and Reflected Waves in the Penstock 

As per ASME paper 58-A-78. 
 

21. MEASUREMENT OF HEAD 

The uncertainties, both systematic and random, associated to the measurement of head 
depend on the measurement of elevation and pressure as described in the following sections.  
The  uncertainties associated with head measurements, are summarized in Tables 1, while, 
Tables 3 and Table 4 present a detailed computation of the uncertainty. 
 

22. MEASUREMENT OF GENERATOR OUTPUT 

The uncertainties, both systematic and random, associated to the measurement of generator 
output depend on the measurement of generator output, generator losses and the phase shift 
as summarized in Tables 1.  Theses uncertainties are included in the analysis of turbine and 
overall unit results, Tables 5 and 6. 
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23. UNCERTAINTY OF TURBINE AND OVERALL UNIT RESULTS 

The uncertainties associated with the test results are dependent on all parameters 
measured.  For turbine results these include flowrate, net head, turbine power output, and 
wicket gate opening.  Tables 5 provide a detail of the analysis of the uncertainty 
attributed to the turbine results.  The overall unit results are dependent of the 
measurement of flow, gross head, generator output and wicket gate opening.  Table 6 
provides a detail of the analysis of the uncertainty attributed to the overall unit test 
results. 
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SIR ADAM  BECK  G. S.  UNIT # 26  POST UPGRADE GIBSON TEST
OVERALL UNIT EFFICIENCY vs. GENERATOR OUTPUT  ( gross head = 88.00 m )
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