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CIVIL WORKS AND EQUIPMENT

INTRODUCTION

This section of the Small Hydro Handbook goes into considerable
detail on sites, dams, intakes, penstocks, turbines, equipment, and
related considerations. You are advised to skim it quickly, and
then refer back to individual sections, as you plan and develop your
project.

DAMS

Synopsis

This discussion is limited to dams of seven feet maximum height.
Small dams vary from simple weirs which divert water into a canal or
pipe, up to elaborate concrete structures which have flood gates and
many other features. The size and type of dam depend to some extent
upon the downstream consequences of a washout. For instance,
storing sufficient water behind a six or seven foot dam could
constitute a serious potential hazard to residences, railroads, and
highways located downstream. The failure of such a dam could not be
tolerated, and the potential hazard involved would necessitate
thorough engineering and construction techniques, even though the
dam itself is quite small. On the other hand, a timber or rockfill
dam located in a remote creek could fail without causing any
particular hazard, especially where only a small volume of water is
impounded. To conclude, embarking on the construction of small dams
is unwise unless the developer understands the level of potential
hazard, and the basic principles of design and construction.

The design and construction of dams are anything but simple;
instinct and intuition are, in this case, unreliable guides. As a
hydro developer, you are again cautioned against building dams more
than seven feet high without first having obtained professional
guidance. This caution is given because all types of dams are
vulnerable to particular kinds of failure; and failures are certain
to result unless knowledge and experience are brought to bear on
vital areas such as conditions for foundations, magnitude of flood
water, and the structural strength of the dam. Professional
geotechnical and hydrological studies are necessary for all dams
above seven feet, particularly when larger streams with extensive
watersheds are involved. Professional involvement may be necessary
on dams less than seven feet if a washout could cause downstream
damage. The final object is to achieve a sound and reliable design
which is at the same time economical to construct.

There are several cases where dams (as opposed to simple intakes)
may be necessary: :

(a) where storage is necessary to meet daily peak loads of short
duration (pondage),

(b) where storage is necessary to maintain energy production during
yearly low flow periods,
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(c) where a combination of the above exists, or

(d) where silt and sand loads in the stream are such that a
stillage reservoir is necessary to reduce the amount of sand
and silt reaching the turbine.

On very small systems, particularly those located on mountain
streams, worthwhile storage is usually uneconomic to achieve.
However, keeping sand out of the turbine is sufficient cause to
consider the construction of a dam. Later in this section, we will
describe a series of small dams suitable for construction in remote
locations.

Water pressure behind the dam is commonly understood to be the only
important consideration in the design of dams. This is a misreading
of the facts. Water forces acting in dams up to six or seven feet
(2 metres) are significant, but quite easy to cope with from a
structural standpoint. The main difficulty to be dealt with is the
effect of weight and hydraulic pressure on the ground below the dam,
along the banks, and on the material of the dam itself. All dams
are vulnerable to percolation of water through or past the dam, and
all dams leak. The art is to ensure that the leakage is so small
that material cannot be washed out of the dam, or out of the
foundations or abutments. Moreover, the dam must be homogenous
throughout each section so that leakage cannot concentrate at any
one area. Spillway capacity must be sufficient to cope with the
anticipated maximum run-off, plus a sizeable safety factor to allow
for unusually high spring floods compounded by freak storms.

Earth and rock fill dams cannot be designed to withstand over-
topping, and will quickly wash out should this occur. There are
problems associated with siting spillways and culverts in earth and
rock fill dams, and if it is possible to locate these away from the
main dam, then by all means do so. Timber structures are liable to
failure from overtopping, frequently caused by the washing away of
the downstream toe and channelling around the ends. 1f overtopping
is particularly severe, the structure may slide downstream.
Concrete dams are often designed for a certain amount of over-
topping, and as they are normally built on solid rock, failure is
less likely. Gabion weirs, which consist of rock filled wire cages,
act as gravity structures which will accommodate moderate over-
topping, provided abutments and the downstream area is protected
against erosion.

Spillways for Dams

If you build a dam across a stream the dam must have a free overflow
spillway or sluiceway large enough to pass very large streamflows.
The magnitude of these very large streamflows (called the Spillway
Design Flood) depends on:

(a) the height of the dam;
(b) the amount of water behind the dam;
(c) the amount of damage that could be caused if the dam failed.




There is always the possibility that the dam could fail and cause
damage to property or harm people downstream. Therefore, the
spillway or sluiceway must be carefully designed. Normally, it
should be designed by an engineer.

However, for certain conditions (listed belo&) you can use the
method given here to calculate the length of the spillway. The
conditions that must be met are:

" (a) the dam is less than 7 feet high;
(b) the dam is located such that, if it failed, there would not be
major damage to property or harm to persons downstream.

The method applies to a free overflow spillway. It assumes that the
spillway must pass the maximum flow that has occurred in the stream _
at the location where you will build the dam. The maximum flow can
be estimated from the highest water level that has occurred within
the last few years. Evidence of the highest water level could be
found from: ‘

(a) the highest level at which roots of trees or bushes are exposed
along the banks;

(b) the level of debris - twigs, grass, bark - found in tree roots
or bushes along the banks.

To calculate the length of the free overflow spillway follow these
steps:

1. Find the highest water level that has occurred in the stream
‘ during the last 3 to 5 years, longer if evidence is available.

2. Make a scaled drawing of the stream cross-section similar to
the one in Figure 4.1(a). To do this:

(a) measure the depth of the stream (from the present water
level) at several points, and measure the distance of each
point from one bank;

(b) measure the distance between the present water level and
the highest evidenced flood level.

3. On the stream cross-section draw a rectangle that has the same
area as the area below the highest water level (eg. rectangle
abcdin Figure 4.(a)).

4., From the drawing, scale off the average depth H (equal to the
height ab) and the average width W (equal to the distance ad):
write down these values of H and W.

5. Calculate the slope of the river bed at the same location as
the cross-section, by measuring the drop in the river bed over
a measured distance; eg. a drop of 5 ft. in 50 ft. is a slope
of 5/50 = 0.1 or 10%.
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From the curves on Figure 4.(c), with the stream depth H and
the slope S%Z, read off the value of k on the horizontal axis;
eg. for H =3, § = 5%, K = 3.7.

Calculate the length of the spillway from the equation:

L=KxW

length of free overflow spillway, in feet

factor from Figure 4.(c)

average width of stream, in feet, scaled from the
cross-section.

Where: L
K
W

Notes:

l‘

The length of spillway calculated above is for a depth of water
in the reservoir 3 feet above the spillway crest. For all dams
that are not designed to be overtopped eg. earth-fill or
rock-fill dams, the level of the spillway must be at least &4
feet below the top of the dam (as shown in Figure 4.-(b).

The curves on Figure 4,1(c) are for small streams, and are
valid only to the left of the dashed line. 1f your combination
of stream depth H and slope S plots to the right of the dashed
line you should not use this approximate method. An engineer
should be asked to design the spillway.

Design Considerations and Common Sources of Failure

1.

Failure by overtopping results when the spillway capacity is
inadequate to pass flood water or high runoff. The water level
rises, and eventually overflows the dam. Earth or rockfill
dams will be washed away quickly by overtopping, and other
types of dams can be damaged seriously.

Wash-out around the ends of the dam is caused by inadequate
spillway capacity, or by inadequate abutments which do not
project far enough into the banks. Inadequate bank protection
on the upstream or downstream side can lead to excessive
scouring away and slumping of the banks into the reservoir or
stream.

Undermining caused by excessive percolation of water under the
dam quickly leads to a wash-out.

Improper choice of aggregated and/or improper placement or
inadequate compaction in earth and rock fill dams can result in
failure,

Downward slumping of material results from too steep an angle
on rock or earth fill dams. The upstream face is particularly
vulnerable to the effects of saturation, drawdown, ice, and
wave action. Earth fill dams should always be protected on the
upstream face by a hand placed layer of flat rocks or concrete
tiles, and with an additional rock berm at the toe.
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6. Failure through enlargement of the leakage path into pipec or
channels can result from leakage of water along the intertface
between earth fill and adjacent concrete or penstock
structures. Penstocks should have welded onto them a seepage
collar of at least two pipe diameters. Concrete surfaces
should have a channel or projection to key the fill into the
structure and increase the seepage path.

7. Collapse can result from improper design or construction of
timber dams. The usual causes are: too steep an angle in the
upstream face which does not provide sufficient vertical weight
of water to hold the dam in place, and skimpy and inadequately
morticed timbers which may buckle and slide out of pesition.
Sleepers must be accurately slotted into deep trenches in the
ground. Either rock piles or wooden spillway chutes, or both,
are necessary to avoid undermining of the foundation.

8. Accelerated rotting of timber dams can occur when the timber is
alternately wet and dry. Some leakage should be permitted in
order to keep the timbers wet.

9. Failure of rock or earth f£ill dame can reculit from incdequate
compaction of fill and the use of unsuiteble matericl.
Impervious material consisting cof & naturally occurring mixture
of clay and sharp grit or heavy cliay soil can be rammed inte e
hard, durable, water resistant masc. Lhen selecting impervicus
material have it checked out by &un experienced COntreltor oI &
soils laboratoryv. Pure clay ic tcc plastic and whe:n scturated
and subiected to hydraulic pressure, wili be squeezec cutl.

Pure clay can, however, be usec Ior upstreaw iImpervicud sealis,
provided it ie thick enougl and is protectec frowm weoting awey.

10. Downstream scour can occuYr where the toe cif the daw c¢r adjacent
banks are washed out during high water conditiouns.

11, Collapse of the banks causing demage or failure through
overtepping of earth or rockfill dams can result IICE upstrearn
bank instabilities. The strear banks mey heve to be protected
from slumping intc the reserveir.

12. Physical deterioration can be caused by erosion, weathering cf
concrete, settlement, etc.

The trench excavated for the wing walls and foundations should bc as
narrow as possible; just wide enough for the dam, otherwise an
excessive amount of backfill may be required. The backfill must be
impervious, and well consolidated intc &1l spaces and pockets.

Cut-0ff Walls

Seepage under the dam can be controlled by means cf a barrier wvall
beneath the dam. The barrier wall of an impervicus wall consisting
¢f priming planks, sheet piling, or & trench filled with inpervious
soil. This wall spans the distance between the bottom oI tiw dam
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and, wvhere possible, the natural impervious strata below the
surface. In cases where impervious soil cannot be reached, the
seepage distance along the base of the dam is increased by means of
a gheet plastic or impervious soil layer extending upstream of the
dam. :

Rip stop tarpaulins or 10-mil black pvc plastic is commonly used for
sealing small dams. Lay as well as possible, but fold here and
there as necessary. Do not cut unless cuts can be nailed onto
plywood or backing. To fit over the penstock, cut a hole smaller
than the pipe and force over the end. Bind the overlap with pvc
tape or fibreglass cord. Alternatively, make a close fitting hole
in a sheet of 5/8" marine plywood, and nail the plastic to that.

All holes and gaps, especially at the bottom of the dam, should be
carefully avoided, or at least patched using plastic cement.

Priming Planks

Priming planks are a practical way of controlling seepage under the
dam. They consist ideally of 4" tongue and groove planks, but 2 x 6
timbers may be used. The planks are cut off at a sharp angle so
that when driven they tend to force themselves together. They
should be driven as deep as reasonably possible, usually two to
three feet.

Forces on Dams

The main force to be resisted is the force caused by the weight of
water behind the dam.

FIG.4-5FORCES
ONDAMS

FORCE ON DAM PER FOOT OF LENGTH

F=Hx gxez.s














































































































































































































































































































































































































































