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the same time, due to the high concentration of drifting trash, the influence of the
collected debris on cumulative losses is the highest too. During one year of operations,
debris causes up to 140 MWh of electricity losses, which is 50% of all losses, and 45%
of all these losses take place in the relatively short three-month-long autumn high water
period. Fig. 3 also shows that the aggregate was not operating between January 25
and February 18 when the refit took place.

3. TRASH RACK CLOGGING ANALYSIS
Trash rack clogging is a random process which is not easy to predict. However, as

already mentioned, an analysis of trash rack clogging is possible if the hydropower
aggregate head loss-time history is known. If we rearrange Eg. (5) as:

1
dAap _ ARF( 1 )m 1 dAh (8)
de 1.33 \Cv? 4/AR dt

it follows that, at the constant flow velocity v, the rate of growth of the area blocked by

the accumulated debris d‘;% is proportional to the rate of growth of the head loss %

divided by the 4™ root of head loss Ak and multiplied by proportionality constants.
Thus, the measured head loss-time history can be split into a number of time intervals
At, within which the head loss increase AAh and mean head loss Ah at any constant
flow velocity v; are calculated and used to predict the rate of growth of the area blocked
by the accumulated debris as:

1

Aap _ Agr [ 1 \138 1 AAR ©)
At 133 \cv? “[an At

The resulting weekly averaged rate of growth of Aap is shown in Fig. 4. A one week
interval was used on purpose. The trash rack was cleaned every Friday and it was
possible to obtain the head loss increase AAh per week, by comparing the head loss
before and after the trash rack cleaning at any constant flow rate (flow velocity vi). As
we can see, the resulting weekly change of Aap rate of growth fluctuates very
randomly from week to week which proves the stochastic nature of debris flow. The
general refit took place in February. Therefore, no debris was accumulated between the
5™ and 7" weeks. During the first 10 weeks after the refit, debris accumulation was low.
This is the winter period of low water when the concentration of debris in water is
almost zero. The first spike in debris accumulation took place between the 18" and 21°
weeks, which is mid-spring, when frequent rain and thunderstorms spill debris collected
in surrounding forests during the winter into the river. Similar is the accumulation of
debris in October (the period between the 40™ and 45" weeks). The water level is high
during this period, with a lot of drifting debris originating from over-flooded river banks
and whole curtains of dead algae, which were blooming in the upstream reservoirs
during the summer season, also appearing.
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Fig. 4 Week to week change of average rate of growth of Aap

4. OPTIMAL TRASH RACK CLEANING FREQUENCY

As mentioned before, the trash rack was cleaned every Friday, i.e. once a week,
although the amount of collected debris was small a lot of times and did not cause any
higher energy losses. It may be assumed that, in such cases, the costs of debris
removal exceed the profit of the energy gain by the reduced losses. An attempt was
made therefore to find an optimal strategy for economically efficient trash rack cleaning.
The manually operated rakes are used on the observed hydropower plant and a team
of two workers operates the rakes. The average cost of their intervention transformed
into the electric energy equivalent is 17 MWh. Their intervention is, therefore, cost
efficient only if the energy gain due to the cleaner trash rack exceeds 17 MWh between
two successive debris removals. In order to check different strategies which may fulfil
this criterion, a simple model was applied which can predict accumulation of debris
between the successive debris removal. This model applies the experimentally
obtained rate of growth of Aaxp (area blocked by the accumulated debris) presented in
Fig. 4 and discussed in previous chapter. It is possible to predict the instantaneous Aap
simply by integrating its rate of growth in time and starting with Aaxp = O each time the
debris was removed from the trash rack. The results of this model are presented in Fig.
5. An upper limit of head loss (Ahi, = 8.3 mbar at 180 m®/s), which should not be
exceeded, dictated when the cleaning intervention had to be carried out. Simulation
started on February 19 after the completion of the hydropower aggregate refit, when
the trash rack was clean. Only one trash rack cleaning was necessary to keep the head
loss below the upper limit until May 2, while 4 interventions were necessary in May,
with the second and third only three days apart. In June and July, the debris was
removed two times, while in August and September cleaning took place once per
month. Altogether, only 11 cleaning interventions were necessary to keep the
cumulative energy losses at the same level as during actual operation with 4
interventions per month i.e. 30 interventions in total. If we compare the actual and
simulated head loss (Fig. 5), we can see that, during the first two months of operation,
the simulated head loss exceeds the actual one, thus, simulated cumulative losses
increased faster. However, better ordered interventions in May and June reduced the
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difference and, at the end of September, both simulated and actual cumulative energy
losses were almost the same. This shows that the correct timing is more important than
the total number of cleaning interventions. It happened four times in May and June that
the actual trash rack cleaning was executed too late (only by a day or two) which
caused the head losses to increase drastically (see marked area in Fig. 5) and
moreover increased the actual cumulative energy losses to the level of simulated
energy losses.
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Fig. 5 Comparison of actual and simulated head losses (Ahjnsim = 8.3 mbar at 180 m%/s)

It has already been demonstrated how it is possible to reduce the number of trash rack
cleaning interventions and, at the same time, keep the cumulative energy losses almost
unchanged, thus, how to operate more cost efficiently. In the next step, the same model
was applied to predict the optimal number of cleaning interventions at which the sum of
debris caused energy losses and cleaning expenses expressed as energy equivalent
was at its minimum. To do this, the upper limit of head loss was simply changed step by
step in an interval between 6.0 mbar and 23.0 mbar and the head loss predictions were
carried out as the one presented in Fig. 5. The obtained results are shown in Fig. 6.
The number of necessary cleaning interventions reduced from 18 to 4 and, at the same
time, the debris caused energy losses increased from 26.9 MWh to 164.5 MWh as the
upper limit of head loss increased from 6.0 mbar to 23.0 mbar. However, if we observe
the sum of both expressed as an electric energy equivalent, we see that it reduces from
332.9 MWh to 200 MWh and then raises again to 232.5 MWh. Thus, there is a
minimum. The minimum is not clearly distinctive and the optimal upper limit of head
loss may lie between 10 mbar and 15 mbar, which makes the final decision not easy.
However, since the differences in total energy equivalent are very small within this
interval, it is advisable to choose its lower value at which the maximum amount of
debris accumulated on the trash rack, as well as the mechanical load implied on the
trash rack, is smaller.
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Fig. 6 Simulated energy losses

5. CONCLUSIONS

Trash rack losses of a 20 MW hydropower aggregate were measured and analyzed
during one year of operation. They were separated into the losses caused by the clean
rack and accumulated debris, respectively. Although the trash rack was cleaned
regularly, the cleaning was performed once a week, the collected debris increased the
annual energy losses by 100%. A simple model was, therefore, proposed to study
different trash rack cleaning strategies. The experimentally obtained data on rate of
debris accumulation growth used within this model makes it possible to simulate
instantaneous blockage of the flow area caused by the debris accumulation on the
trash rack, and to predict the corresponding increase of trash rack head loss. The latter
is at its minimum immediately after the debris removal and grows until the upper head
loss limit is reached and the trash rack is cleaned again. Simulations show that the
existent trash rack cleaning practice (once a week) was not efficient, although the
invested effort (number of cleaning interventions) was very high. The same results may
be obtained with less effort i.e. only 35 % of all cleaning interventions, if the trash rack
is not cleaned before the upper limit of head loss (Ahjm = 8.3 mbar at 180 m?s) is
reached. It was also shown how to find the optimal upper limit of head loss in order to
minimize the sum of debris caused energy losses and the energy equivalent of the
expenses spent on trash rack cleaning. Using this approach, the total number of trash
rack cleanings per year may be reduced even more. However, mechanical load implied
on the trash rack should also be considered. Thus, reserved cleaning strategies are
more reasonable.
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