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Abstract

To determine the efficiency of a unit in a low head power plant, the current-meter method

is almost the only one suitable to achieve a good accuracy. The difficulties of measurement

come normally from the oblique flow, the small length of the penstocks and the proximity

of the trash racks. This article shows the results of the discharge measurements at the
La Grande—1 and Laforge—2 power plants.

Although the number of points for velocity measurement met the recommendation of the
IEC code, at La Grande—1 the effect of the trash racks was to produce a systematic error
in the discharge. The measurement was done by placing the current-meter frame at Six
different elevations to obtain the velocities for that portion of the measurement section.

To reduce the effect of the trash racks at Laforge—2, the discharge measurements were
performed by sweeping the frame supporting the current-meters along the metering sec-
tion. A special mechanism was used to align the current-meters with the flow while sweep-
ing.

This method gave results that agree very well with and without the trash racks. In addition,
the method saved time of execution.



‘Introduction

Hydro—Québec’s La Grande—1 and Laforge—2 power plants belong to the hydroelectric
complex of James Bay. Both are low head power plants situated 600 kilometers apart
along the river stream. The twelve units of La Grande—-1 are rated at 114 MW under a
27,5 meter head with 460 m3/s of nominal discharge and are of the propeller type. The
Laforge—2 Kaplan units are both rated at 147 MW under a 27,4 meter head with 600 m3/s
of nominal discharge. In both cases, each turbine is fed by a semi scroll case connected
to a large penstock separated by two piers, at the proximity of the removable trash racks
(6 for La Grande—1 and 8 for Laforge—2). The trash racks are installed in vertical slots at
the intake.

The bid called for efficiency tests at these power plants on two units of each design. Only
the current—-meter method was applied due to the difficulties that would be encountered
with the other code proven methods. The water intake had gate slots for small beams
in each of the three openings, which were used to receive the current-meter frame during
the tests. This method is also described in the international standard IEC 41 publication
1991 which referred regularly to the ISO 3354.

The main goal of this article is to describe the effect of the trash racks at the metering sec-
tion and the sweeping of the current—-meter frame to increase the measuring accuracy.

Description of the measurements

The current-meter method consists in measuring the water velocity at different elevations
at the metering section of the penstock. This section is located towards the vertical slots.
The water intake has a convergent shape where the flow has an angle with the horizontal.
The trash racks are positioned at 5,3 meters upstream from the metering section.

Knowing the velocity and the direction of the flow at different locations of the section, it is
possible to obtain the discharge. by integrating the normal component of the velocity using

the equation Q = I V cos a dA.

The IEC 41 code recommends the number of current—-meters to be installed in a given sec-
tion. This number must be sufficient to ensure a satisfactory determination of the velocity
profile over the whole measuring section. However, the waterways at La Grande—1 and
Laforge-2 do not meet the code recommendations.

In order to increase the number of point measurements more than the code’s required
number, we designed a special current-meter frame which is supported and moved by a
carriage. The operation of this frame has already been mentioned in a preceding article
presented at IGHEM 1996 in Montreal. During both tests, all the current-meters were sup-
ported by special oblique holders, the same that were used for their calibration in Bern.
These calibrations were done at 28 different velocities from zero to 8 meters per second.
For the measurements, it was necessary to align them in the direction of the flow. This was
done by the use of a special mechanism made of a hydraulic servomotor.



‘Measurements at La Grande—1 power plant

AlLa ranae-1, each turbine has atripie conduit entrance made ot concrete. | ne current—
meter metering section is situated at the intake where the walls are vertical, 17,9 meters
high and the width is 5,6 meters. The average flow angle from the horizontal is 22,3
degrees while the floor and the ceiling are at angles of 13,5 and 31 degrees respectively.

A movable trame has permitted an adequate exploration of the flow velocity protile includ-

ing the angle. For that purpose, 3 ovoid bars, vertically distant of 1,08 meter, have sup-
ported a row of 11 swivelling current-meters. With a manual pump, we adjusted the
orientation of these current-meters using the angle as measured by a linear transducer.
There were 17 horizontal measurements for a total of 187 measuring points by conduit.

With the three frames adjusted at a given level, the current-meter angles were changed
from minimum to maximum then back to minimum in a 10 minute time lap, during which,
the measuring system recorded the rotation signals from each calibrated current-meter.
The same operation was repeated for the six height positions for a particular turbine. After
that computation, we calculated the flow angle with the peak velocity of each current—-meter
using a second order equation. At each given level with the flow angle relation, the velocity
profile could be determined to find the corresponding discharge.

The discharge was determined on both units of the same design (2 of GE Canada and 2
of GEC Alsthom), with the same measuring pattern of the unit discharge, one unit tested
with the trash racks and the other without.

Results at La Grande-1

With the presence of the trash racks, the measurement results can be summarized as fol-
lows :

» the systematic computerized uncertainty in the metering section is 1,75 % with a
95 % level of probability. It is considered high ;

 atthe bottom and at the top of the waterways, the physical limits of the angle mech-
anism do not permit to reach correctly the real angles ;

» the trash racks have an influence on the velocity measurement (figure 3). Some
current-meters might be positioned between the wake of two beams where the
velocity was higher than the mean. Therefore, the measuring velocity was
affected and there was an aliasing effect in this real value of the velocity ;

there are 17 vertical and 11 horizontal measurement locations. Therefore, the
interpolated curves of the horizontal velocity versus the height of the metering sec-
tion present some non-smooth points particularly near the bottom ;

we had more points than the recommended code number but it would be even bet-
ter with a higher number of points especially to increase the vertical sampling. The
accuracy of the integration from the curves will increase consequently ;



« the average angle of the flow is 18,5 degrees which is 3,8 degrees lower than the
theoretical value of 22,3 degrees.

Without the trash racks, the measurement results can be summarized as follows :

« the velocity profile is now smooth compared to measurements with trash racks.
Therefore, there is no risk of aliasing measurement ;

« the uncertainty for the discharge measurement is 0,78 %. Also, by removing the
trash racks, we improved the accuracy by more than 1 % for the same current-me-
ter frames at the same positions ;

« the average measured angle of the flow increases by 1,2 degree to 19,7 degrees.

After the La Grande—1 testing, we noted and recommended some modifications for
Laforge—2. First, the orientation mechanism of the current-meters had some lower and
upper limits that corresponded to the theoretical angle of the waterways. Therefore, the
angular span of the orientation mechanism of Laforge—2 would be increased. Secondly,
to increase the number of measured points in the metering section and the accuracy, the
frames would be swept at a constant speed to integrate the velocity profile.

Figure 1. Laforge—2 power station



Measurements at Laforge-2 power plant

At the Laforge—2 power plant, with the past experience, we used the same current—-meter
method in the slots of the stop logs, and the same data acquisition equipment. Further-
more, we improved the measurement quality and consequently, the accuracy. According
to the theoretical span of 12,4 and 34,8 degrees for an average of 23,6 degrees, we
increased voluntarily the span angle of the current-meters from 3,4 to 37,8 degrees. The
lower and upper prospecting angles were not limited and the accuracy was increased when
determining the real angles of the flow.

Furthermore, the small hydraulic pistons used at La Grande~1 were connected to a new
hydraulic pump and distribution valves. A computer drove this system to set the current-
meters at the proper flow angles and received the feed back. An analogic inclinometer took
the place of the displacement transducer. Consequently, it was more reliable, the accuracy
was improved by 0,05 degree with a better repeatability, and the angle value was trans-
mitted directly to the computer.

As mentioned before, the Laforge—2 power plant has two Kaplan units with the same char-
acteristics. The current-meter metering section at the intake is 6,1 meters wide and
19,7 meters high. One unit has been tested with the trash racks, the other unit was tested
without the trash racks. For arectangular section of 119 m2, the international standard IEC
41 recommends 118 to 177 points of measurements per section while we had 190 points.
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-This one has correlated the movement of the two pistons on the frame in relation to the
measured height. With this second degree curve, it was possible and easier to obtain the
velocity data of each current-meter during the sweeping of the frames with a constant
speed.

The velocity profile was measured with both the fixed current—meter frame (on—cam) using
data from all four rows and the sweeping one (on and off-cam) using only the lowest row
of 10 current—-meters. The frame traveled through the total distance of the heightin 16 min-
utes. Therefore, the computerized adjustment of the angles was very smooth without any
current—meter vibration which may influence the measured velocity.

On the first unit, the trash racks were in place. On the second unit, they were removed
because the winter ice had melted and there was no significant wood floating at the water
intake. Likewise, we had verified continuously the instrumentation and the state of all cur-
rent-meters.

During both tests, the running discharge of the power plant was maintained close to
675 m3/s to keep a constant head.

Results at Laforge-2

With the presence of the trash racks, the measurement results at the five fixed positions
can be summarized as follows :

« even if the number of measured points is higher than requested by the code, the
systematic uncertainty of the discharge is higher than the code value ;

.« depending on the size of the beams, some current-meters might be positioned
directly between the wake of two beams causing an alias in the measurement
(which is present like a periodical oscillation of 4 % of the second degree curve
of the velocity profile). Therefore, the interpolated curves of the horizontal velocity
versus the height of the metering section present some non-smooth points. The
sweeping frames enabled to cancel this error (figure 3) ;

« the average angle of the flow is 17,1 degrees which corresponds to 6,5 degrees
less than the theoretical value of 23,6 degrees.

‘Without the trash racks, the measurement results are :
« the uncertainty of the flow decreases to around 1 % ,
« the average measured angle of the flow increases by 3,0 degrees to 20,1 degrees.

Considering that both tests were done simultaneously, we can compare and analyse the
influence of the trash racks on the profile of the discharge. Sweeping the frames has per-
mitted to obtain more than 19 vertical points and the continuous velocity profiles could be
presented in a 3-D graph. For these reasons, we can have unlimited numbers of vertical
positions and the possibility to identify if a point was directly behind an obstacle. We could
then interpolate or ignore it and the second degree curves will be fitted with a better correla-

6



tion. We have also put a fixed number of current—meters along the width of the ovoid bar
supporting the 10 oblique arms. If there was an interference with a vertical beam of the
trash racks, we did not have any other choice to analyse it. Inthe future, we shouldincrease
the number of the horizontal current-meters.
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Figure 3. Relation between the measured velocity versus the vertical displacement with
and without the trash racks (fixed position at La Grande—1 and sweeping the
carriages at Laforge—2)

Following are the principal observations from the comparison between the profile with and
without the trash racks during the sweeping of the metering frames (figure 3) :

» the flow profile is better without the trash racks and has a direct influence on the
analysis (no aliasing measurement) ;

» due to the unlimited number of measuring points, the profile of the discharge is bet-
ter defined than for the fixed positions ;

 there are no significant differences on the discharges per intake (the trash racks
do not disperse the discharge) ;

» the measurement accuracies with and without the trash racks are the same in the
order of 0,3 % (we increase the number of vertical measuring points and eliminate
therefore the effect of the trash racks). However, there are two slightly different
patterns of discharge depending on the presence or not of the trash racks ;



» the sweeping technique presents 1 % less of uncertainty ;

. the difference in the measured velocity profile is negligible and constant during the
sweeping of the current-meter frames (figure 4). With the ones at different fixed
levels, the beams of the stop logs produce aliasing in the measurement and give
a systematic error of more than 1 %. So, more vertical prospecting levels must be
done to partially cancel this error.
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Figure 4. Difference in the efficiency measurement with and without the trash racks

Findings and recommendations

Considering that the removal of all the trash racks is significant (10 days in and out, heavy
load equipment required, temporary storage of 24 sections, 3 workmen, etc.), that the
obtained accuracy of the measurements with and without the trash racks is the same, the
sweeping technique offers many advantages :

« no removal of the trash racks is required to improve the accuracy, the difference
on the discharge measurement is less than 0,3 % ;

« allows an unlimited number of vertical points and eliminates the effects of a pos-
sible disturbance upstream of the metering section ;

« with the data obtained during the sweeping of the frames over the first meter from
the bottom, the profile between both fixed ovoid bars, which are 1,08 meter apart,
can be determined. Thus, we had a prospecting error of 0,3 % and the measured
technique with the sweeping of the frames permitted to cancel this error



« constant vertical speed of the current-meter frames (1,2 m/min) ;

» computer with appropriate software can drive the rotational mechanism of the cur-
rent-meters ;

* we can put more current—-meters on the same ovoid bar to increase the horizontal
sampling and improve the accuracy ;

e improving the measured accuracy by 2 to 3 times versus fixed current-meter
frames and it is better than the value recommended by the IEC code ;

« provides a better measurement accuracy of the real value of the discharge versus
the fixed position technique that underestimates the discharge (wakes, limited
samplings and levels versus the execution time, etc.) ;

e saving the erection time of the current-meter frames (1 bar), cost (personnel,
hardware, material, etc.) ;

 erection of only one or two horizontal ovoid bars per section ;

» the blockage effect is divided by 4 or 2 and negligible (less than 0,4 %), so, no
correction need be done on the flow ;

K possibility of reducing the capacity of the hoist (1 or 2 ovoid bars instead of 4,
weight and height of the frame less) ;

* we can reduce the execution time, which is very important in case of Kaplan units
when we acquire data on off-cam ;

» universal carriage kit usable for sites of different dimensions manageable with a
minimum of staff and light equipment ;

¢ price of one unit testing decreases by 40 %.

But, the sweeping technique of the frames with no self-compensated current—-meters pres-
ents also some disadvantages :

» the time to measure the flow angle is high, which is dependent on the number of
rows :

* require an orientation mechanism and a computer to drive it.

Since the current-meters are not self-compensated, they must be adjusted to measure
and determine the real components of the flow with the orientation mechanism. Sweeping
the frames upward (or downward) does not eliminate the exploration times for the flow
angle. The use of self-component current—-meters can reduce the execution time and cost
of the tests by eliminating the need to measure the flow angle. Also, one ovoid bar will be
required.

The orientation mechanism used to set the angle of the current—-meters allows us to get
a good uncertainty which is at least equivalent to the one obtained had we used self-com-
pensated current-meters.



Conclusion

According to our experience on the efficiency tests at low head power plants, we estab-
lished great advantages of the current—-meter frame’s sweeping technique to evaluate the
turbine discharge especially in difficult measuring conditions such as with trash racks
upstream of the metering section.

The reliability of the instrumentation and the automatization of the data acquisition and
reduction enable to measure the discharge at the intake of a unit with good accuracy.

The use of this technique permits to :
« give better results for profile determination of the velocity with more sampling ;

« improve the uncertainty of the measurements by increasing the number of
sampling and compensate for the wakes done by the trash racks ;

» save testing time and cost by a factor of two or more.

We consider that for future refurbished power plants at low heads with no penstock and
a convergent flow, it will be of great advantage to use the sweeping technique. The accu-
racy is improved by 1 % minimum versus the fixed position measurement with carriages.
The testing cost will be minimized as well as the unit down—-time.

Finally, it is not recommended to measure with uncompensated current—-meters at the
theoretical value as a systematic error of 2,6 % will occur on the velocity profile.
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