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NEW DEVELOPMENTS IN HYDROELECTRIC
POWER-PLANT DIESIGN

By J. A, Bumwer, BiimrveEan, Ava.
Member of the Baciety

Phe most logical and simplest woy o metidatn the full capacily of a
hydraulic power plort during flood periods & fo remove the Righ lel waber
from the disehargs apeting.  This map be moat successfully accomplishad by
a Dackwater suppressor ubilizing fhe weste water and fthe presend paper 18
chiefly devoted to the develepment and applicabion of this method,

Tipn fealing models are deseribed and the resuis prosonted, while the
dosign: of the deafi-tube orifice 45 discussed ol considerable length. Finally
the plant of the Aleboma Power Company ab Mitehell Dom on the Coosa
Fiver in Alabawmia, where e Thurlow type of backwaler suppressor was first
conccivod anad .'_r.]'_r_il,lﬂ.a:(':f, i5 degorebod, delals G'_f its eonstruction and -'ll'flll-!:j.l]'-l'lﬂﬂf-
basmy fnoluded,

\;\f I'TH the rapid development of industry calling for more and

clicaper power, and with the increasing cost of steamn power,
preater interest is being shown in water-power developments all
over the world,

2 In thig country and abroad hydroelectric developments are
being made on a seale never experienced before, and plants are
being built and generating units inatalled in sizes that would have
been astounding but a short while sgo. FEconomy in design and
efficiency in operation have bevome factors of great importance,
and the designing engineers of hydroeleetric power plants are striv-
ing to improve the efficiency of the power plant with the same
leenness which the designers of the steam-electric power plants
have manifested for many vears past.

3 Just as the designer of steam plants endeavors to produce
the most power out of & pound of eoal, so the designer of hydro-
slectric plants 1= anxious to utilize every drop of water and con-

FPresented at the Spring Meeting, Atlanta, Ga, May 8 to 11, 1922, of
Tar Asemicarw Soomry oF MeoHanioan Excrusnas.
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vert it into useiul power with the minimum loss, and for the
least cost.

4 The designers of water wheels and turbines have helped
a great deal by improving the efficiency of the driving machinery;
the designers of the generators have done likewise and these ma-
chines have well-nigh reached the maximum possible point of
pericetion.

9 A great achievement was atéained in recent years by the
hydraulic engineer with the improvement of the deaft tube, which
has helped very materially to increase the efficiency of the power
plant.  With the introduction of White's hydraucone, Moody's
spreading draft tube, and other improved tubes, a distinetive mark
has been set in hydroelectric power-plant design, and today we
find the hydroelectric plant one of the most efficient power-pro-
ducing plants.

t But there are many power plants and possible sites for
sueh plants where the supply of water is very irregular, and where,
owing to the nature of the surrounding country, it is impossible to
provide sufficlent storage for the utilization of all the water flow-
ing in the stream.

7 In many hydraulic power plants, now in operation or pro-
posed, there is, or will be, a great loss of power annually, due to
the fact that during flood conditions when water is being wasted
over the spillway, the level of the water in the tail race at the
outlets of the draft tubes leading from the turbines is raised,
thus reducing the head on the turbines and in turn their capneity
and the output of the power plant. There are many notable
examples of these conditions, and in some cases reduction in effect-
ive head on the turbines becomes so grent at times as to com-
pletely shut down the power plant. The Hales Bar plant on the
Tennessee River is an example of where these conditions oeeur
during the spring floods.

8 In many cases of proposed developmente, engineers have
hesitated in recommending the carrying out of the development
on account of backwater conditions in the tail race, which can
be foreseen and predicted very closely. The proposed develop-
ment at the Great Falls on the Potomae, which has been under
discussion for many years, represents an example.

9 Engineers for many years have wrestled with this problem
and have tried to overcome this difficulty by installing a preater
number of genersting units where it was possible to do so, to com-
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pensate for the loss in capaeity of each unit; of course such a
procedure necessarily makes the installation more expensive, with
the resulting increase of production costs. Attempts have also
besn made to counteract this Toss in head by admitting water into
the draft tube through jets ab a relatively high velocity which,
by accelerating the veloeity of the combined turbine discharge and
jet water through the draft tube, produee a negative head which
is added to the head on the turbine. A number of variations in
the place and manner of introducing this jet into the draft tube

¥

AL WoaTER

Mg, 1 Acron oF SPuway WATER ON

(F = Tend above tall wator; f s deptl of witor absove spillwiy ;b = total
witer eolumn balnnoed ; Qs = quantity over spillway; G = quantity tlhrowgi
drnft tube; Ve s velooity over spiilway; 1Vd = velooily throogh deafl tabe;
anel 10 = wheight of 1 ou, Te, witor = G2.4 1h.)

have beon tried and results published. Bubt the results have not
been entirely satisfactory.

10 ‘The most logical and simplest way to maintain the normal
head on the water wheel, and thereby the [ull eapacity of the
plant, during flaod periods, is to remove the high tail water from
the discharge opening, and credit is due to O, G. Thurlow, chief
engineer of the Alabama Power Company, who conceived the idea
of utilizing the waste water to accompligh this facl, thereby suc-
cosefully solving the problem. The development of this concep-
tion resulted in what ig now known as the Thurlow backwater
SUPPresser,

THN THURLOW BACEWATER SUPPRESS0R

11 It iz & well-known phenomenon that water flowing over a
masonry dam having a downstream face of ogee sectlon, leaves
the apron in a thin sheet at high velocity. At a point below the
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dam the water rices turbulently, forming a so-called © standing
wave,” * hydraulie jump” or “ back roll.” The thickness of this
sheet and the velocity of the water depend upon the height and
shape of the downstream face of the dam, upon the depth of water
at the erest of the dam, and upon the riu:*:nt':t-;,r of water flowing
over the dam. The energy developed in this thin sheet of water
has generally been regarded herctofore as solely of a destruetive
nature, but in the backwater suppressor the energy of the spillway
water iz so directed as fo remove the backwater from over the
drafi-tube orifice, sweeping it downstream, thus freeing the draft
tube from this pressure of water over it and maintaining o practi-
cally uniform head on the turbine as long as the spillway water is
able to sweep the backwater away from the draft-tube orifices.
In Fig 1 is shown diagrammaticallv the action of the overflow spill-
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way water on the tail water. The energy of the spillway water not
only removes the height of tail water from the draft-tube orifice,
but even lowers the normal fail-water level to a predetermined
. depth.

TESTING MODELS

12 In order to substantiate the idea and evolve a definite
theory on which to base the ealeulation, = model was eonstructed
on a 1:24 scale at East Lake in Birmingham, Ala., where a small
flow al 3 [t. head was available. The results obtained were so
interesting that, to check the data obtained and to increase the
accuracy of measurements, a second and larger model waz con-
structed on a 1:10 seale at Jackson Shoals, Ala., where a areater
flow and head were available,

13 The results obtained with the twe models. when reduced
to the same scale, were in close agreement and the observed re-
sults followed those calculated for similar conditions.
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DESCRIPTION OF MODELE

14 TFig. 2 shows disgrammatically the essential elements of
these models. Fach consists of a forebay for siilling the water, a
spillway having the nsual ogee section, a draflt tube with its eri-
five located directly under the spillway, and a tail-water wasteway.
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15 The height of the water in the forebay, wasteway and
drait tube were measurcd in glass gages conveniently located on
central platforms. By means of these, measurements ecrrespond-
ing to the pond-level head above the river bed, the effective tur-
bine head, the depth of water aver the spillway, and the baclewater
head could be conveniently determined.

16 Weirs were uzed in admitting water to the draft tube so
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water over the spillway of the East Lake model is shown in Fig. 3.
It should be noted that very small amounts cause a decrease in
head beecause suffieient velocity has not been given to the draft-
tube water to cause & thinning of the sheet over the draft-tube
arifice, but when the ratio of spillway to dralt-tube water increases
to about one to one the curve takes a decided course upward and
reaches its peak and sfarts falling off again due to a greater quan-
tity of water passing over the orifice, with practically no increase
m velocity above that of the point of maximum head. This curve
does mot represent the best performance possible but it is fypical
of the ideal theoretical curve which 1z shown in the same figure.
21 The curve in Fiz. 4 shows the overall performance of

TABLE 2 SUPPRESEING PERFORMANCE OF JACKSON SHOALS MOTYEL
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the test as compared to that without the suppressor. It will be
noticed that the head drops off slightly as the backwater increases,
due to a greater quantity of water necessary to hold the standing
wave, unfil a point is reached where the standing wave iz 1326 in.
high, and the curve turns sharply down. This point represents the
critical stage or the maximum height of baclowater capable of being
suppressed by a given amount of spillway water. This could be
increased by having a design of spillway permitting a greater
discharge.

22 FEven after thiz point iz reached a substantial increase
in head iz obtained, and at the last point plotted, with backwater
50 per eent of the tofal head, an increase of 5 in. is recorded. Fig.
5 illustrates the condition of backwater after the critical stage
has heen passed,
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DESIGN OF DRAFT-TUBE ORIFICE

23 Several shapes of draft-tube orifices were tested. That
shown in Fig, 6 leaves very little to be improved upon for getting a
maximum height of standing wave and a maximum head on tur-
bine. This design can be modified to give a greater head on the
turbine but only at a sacrifice in the height of the standing wave,

24 The location of point z is of great importance as it con-
trols the increase in head on turbine, and its relation fo the ele-
vation and angle of discharge of the spillway apron must he very
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exact or a poor performance will result; also consideration for the
turbine “ run-off ¥ during the period when the suppressor is not
in action must be kept in mind.

25 The length of tangent { must be such that it will direct
the spillway water well along the line ab, and it should be at least
5 {t. for heads up to 25 ft. and 7 ft. to 10 ft. for heads varying
from 30 to 100 ft. The amount of water flowing over the spill-
wiy will cause this length to change, but for depths up to 15 ft.
this range will hold good.

26 The distunce out of pomt x is determined by the amount
of water passing through the draft tube. The area of the drafi-
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tube orifice subject to the action of the sheet of spillway water
mugl be proportioned so that o back pressurc in the dreaft tube
iz not necessary to foree the two waters to mix. The eurve of R,
iz great enough so Chat the ecentrifugal foree of the fnst-moving
sheet of water will not eause it Lo leap clear of the conerete suriace.
F, makes & smooth transition, connecting point z and Ky and s
about 4 K,

27 The standing wave 15 held out just bevond tangent 1,
The total distance from the lip of spillway apren to the point of
wave must not be greater than good degign of the nther features
will permit, as the friction of the high-velocity water diminishes

!J. \
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the height of the standing wave, thereby causing a greater amount
of waste water necessary to operate.

28 The river channel below tongent R, must be finished with
neat concrote for a distance of four heights of the standing wave,
in the case of heads up to 25 {t., and five to gix heights for heads
varying from 30 to 100 ft, This iz necessary lor good periormance
although a rough bed or water pocket can be uszed, bub a gread
waste of water is required and heavy undercurrents, due to an
imperfect standing wave, might scour the rviver hed badly or
undermine the protecting apron,

28 This is of great importance if the rock strata are poor, as
open geams will allow the high static pressure beyond the wave to
be transmitted back under the protecting apron causing an uplift.
This uplift must be given sttention ewen when the apron iz ear-
ried out to the desired point and provigien made for its seoure
anchor.
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DIVIDING WALLS

3 Each unit must be provided with dividing walls to prevent
the water from coming in on the sides and to allow any one unit
to operate independently.

31 The correct height and length of these walls is deter-
mined by the backwater and discharge eurves of the river at the
location of the power house. Section A-A, Fig. 6, shows the condi-
tion for the installation of four units. The three intermedinte
walls are at an elevation shown by the backwater eurve when the
required amount of water to operate four turbines and three sup-

=l o ST i —
I r
Frow ] i
FFE S i VT 1 E e
o T 1T b i
Sl 1 | L - .=
___--L._\_‘__‘_.\_\__ | | | a, *
1 ¥ i a
u R
5.
] L
=7 = =3 3 L
[ |
|
| |
B AN -
7
I Chertrienis M
..... _| IR AT e PP
o

% o . guir
e T e TR T

_ L1 3
Dt Twba / \ ol
- TR SECTYONMAL SN

Frg, 6§ Aw Excrirest Desiow or DrarreTurer Oniitos

pressors is passing that point. When the fourth suppressor is
brought into action the condition is as shown by the dotted line
in unit No. 2, and these walls simply act as a gulde to hold better
conditions at the point of wave and prevent sUrging.

32 The two outer walls are designed for extreme flood eomn-
ditions, as any water passing over the walls into the BUppTEss0r
sheet will cauge a loss in head on the turbine and in height of
standing wave. However, if there should he gpillway gates on both
sides of the power-house section equal to the width of two units,
1t need not be at the maximum high-water elevation but at the
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gtage shown by the combined discharge passing the power house
and side spillway. This is due to the fact that although a perfect
standing wave is not formed at the toe of the side spillways, a
lower elevation is created than will be further down stream, where
the true backwater elevation iz measured.

POWER PLANT WITH BACKWATER SUPPRESS0OR

33 DEncouraged by the splendid results of the model fests
and the economic advantages of the undertaking diselosed by care-
ful analysis, the Alabama Power Company decided to apply the
backwater suppressor at Mitchell Dam on the Coosa Eiver n
Alabama, which i1s now under construetion.

34 The estimates showed that not only was the cost of the
suppressor-type plant not higher than that of a conventional-type
plant of equal output, but even lower in cost for the same number
of units, and therefore for a given output the suppressor-type plant
was considerably less expensive,

35 The design finally evolved for the above-mentioned power
plant with the backwater suppreszor shows several radieal changes
and represents an entire departure from the established conven-
tional design of hydroelectric power plants,

86 ‘The principal and most outstanding feature in this plant
is the location of the power units on separate foundations in the
river on the upstream side of the dam (Fig. 7). Although this was
not necessarily the only possible way to build the power house,
it was the most economical. The river at this point being com-
paratively marrow, the entire length of the dam was required for
spillway, and since the prime requisite of this type of plant is that
the draft tube discharge directly under the spillway seetion, the
units had to be so located that they would not obstruct any pact
of the spillway section.

37 The individual and separate power-houze units offer the
added advantage that trash racks do not present a solid front,
which helps materially in cleaning them and affords an easy and
sonvenient way of diverting the trash past the power house and
over the spillway.

38 The usual power-house building is entirely eliminated.
The penerstor room is covered with a low roof, which i3 designed
in two sections, joined on the transverse line, mounted on rollers;
each section moving in opposite direetion, In normal operation the
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generator room is completely profected from the weather, but for
handling large parts of the machinery, this rool can be opened and
a grane ubilized for performing the necessary work.
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S8 A single gantry crane (Fig. 7) with full travel over the
entire length of power-house section is so designed that everything,
with exception of epillway gates, ean be handled by this erane. Tt
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is equipped with one 125-ton and one 20-ton hook, the former [or
handling heavy machinery and the latter for raising and lowering
penstock gates, handling racks, stop logs and all other highter parts.

40 An outdoor transformer and high-voltage switching sta-
tion is located on the bridge over the spillway (Fig. 8). This plant
iz designed for operation on unit system, ie., the generator and
its bank of step-up transformers are connected as a unit and all
principal switching is to be done with the high-veltage cireuit-
brealkers. In stations where units are of large capacity, as in the
plant under discussion, (20,000 kva.) the unit system iz very
ceonomical and preferable, as it presenis the simplest, yet sufli-
eiently flexible, form of operation,

41 The entire operating floor is on one floor level. The gen-
erators, governors, switchboard, low-tenzion switches, bus galleries
and offices are easily reached without elimbing stairs or lad-
dera. Thiz materially adds to the convenience of operators
and malkes the supervision and inspection of the plant more effee-
tive. This feature of providing easy accessibility to all important
parts of the station iz very frequently lost sight of by power-house
designers and the lack of these convenienees has been the causo
of ineffieient operation or even of breakdowns, due to the fact that
operators have neplected the equipment to a lesser or greater
degree.

42 The generators are so installed that thie hot air from the
generator is discharged info a separate compartment under the main
floor and is expelled into the atmosphere through side openings of
that room in summer time, therehy keeping the generator room
reasonably cool. In winter, however, when heat in the rooms iz
desired, the outside openings can be closed and through registers
in the floor the warm air enters the generator room.

43 The penstock does not represent a true seroll casing but
rather a combination of seroll effect and open flume. The water
veloeities in the penstock being low, approximately 4 [t. per sec,
this combination affords a betfer design.

44 The location of power-house units on the upstream face
of the dam lengthened the dizcharge tunnel o about 120 {t. in
length from the center line of the unit. Although the veloeity of
the discharge is only 4 feet per sec., the effect of this long column
of moving water had to be earefully investigated and studied.
This problem was solved satisfactorily by increasing the povernor
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action to 3% sec. and sebting the turbine to the lowest practieal
level. Turbine settings always should be as low as possible, espe-
cially where improved draft tubes are employed. Many of the
troubles in existing power plants, such as pitting of runners, ex-
cessive vibration, ete., can be directly traced to high wheel settings,
particularly with high-specific-speed runners.

45 INg. 7 shows that 26 spillway gates of the Tainter type
are provided, each 15 ft. high and 30 ft. wide. These gates are
capable of passing the maximum flood water known to have ex-
isted in the past. There are alzo six bays, two on the east and
four on the west end of the dam, which are designated as emer-
geney spillway openings. The crest of these openings is level with
the top of the spillway gates and their function is to provide
additional spillway capaeity in case of unprecedented floods when
water would rise above normal pool level.

46 Although little has been said about the electrical equip-
ment, it iz one of the most important parts of the installation and
should always receive close study and serious consideration if
economical and efficient operation is expected,
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