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HV = Heavy Load Range

THV = Stated Loadmoment
Capacity of the Crane
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Typical design of sti#ling?asin or “plunge pool” for
small dam.



Sand/Gravel Internal Chimrey Drain— .
__Impervious Core __—Reservoir

General Fill " Low Permeability Soil

Components of a zoned embankment.

[ Cauion:|

Building a zoned embankment is It is possible to obtain some advantages of a zoned
tricky! If you decide to build a dam if the coarse, more pervious materials are
zoned embankment, you should placed at the outer slopes while the finer,
involve a licensed engineer with impervious materials are placed in the central and
dam experience. upstream portions of the dam.

Reservoir

Blanket drainfilter CIH]r Cutoff Trench
- ~—  Permeable foundation

)

- F
M - Contact between bedrock and cutoff trench

ust be pre d (with dental concrete) to prevent
Contact between cutoff trench and foundation soils - ot gt ‘ : )

: 2 piping of embankment into bedrock fractures
must be filtered to prevent piping of clay cutoff soils

inte permeable soils below the dam

— Reservoir

Blanket drainffiter " ¢|ay Cutoff Trench

Semi - Permeable foundation soils (silty sands)

low permeability soils (clays and silts)




Pipe

Around the sand collar (see
Filter/Drain section) the trench
will need to be deepened and
widened to the dimensions of
—Trench sides i 1l
sloped 2:1 = FOLNT-

Recommended outlet conduit trench dimensions.

Reservoir
—Water
Surface

Dry or moist soils

Satu.ratud Soils

1Y
— — Foundation Seepage

Seepage water flows through both dam and foundation.

SEEPAGE CONTROL USING FILTERS AND DRAINS

Seepage can be safely controlled using filters and drains.

* Filters are designed to protect embankment soils from being carried away.

* Drains are designed to carry water away from the embankment, keeping the soils
as dry as possible.

Both filters and drains must be comprised of very pervious soils (clean sands and
gravels).

« Often it is necessary to use both.

Soil particles can be transported out of the dam through a concentrated leak. This is
known as piping. Piping proceeds very slowly and can go unnoticed for years. Finally, at
some point, enough material has been moved, and the surrounding soil caves in. The

surface manifestation of such as “cave in” is called a sinkhole. Sinkholes are a sign that
failure of the dam could be imminent.

Reservoir
—Water
Surface

Sinkhole

Unprotected
Exit

_I'Void caused - =
by Piping




Sand Filter

Gravel Drain Embankment Soils

Seepage Flow

A sand filter is used to prevent piping of embankment soils into drain.

SEEPAGE CONTROL USING FILTERS AND DRAINS

e It is important to make sure that the grain size of the filter material is
compatible with the grain size of the embankment. As the size of the
embankment material decreases, the grain size of the filter should also
decrease.

e Gravel has very high permeability and works well as a drain material.
However, gravel is generally too large to be placed directly next to clay soils.
If a very coarse-grained soil is placed directly next to a fine-grained soil,
piping could result as shown below.

Developing Void
Gravel Drain Embankment Soils

Seepage Flow

Incorrect filter construction: Void developing from piping of fine-grained embankment soils into
gravel drain.



SEEPAGE CONTROL USING FILTERS AND DRAINS

There are three main filter/drainage systems found in homogenous dams:

« Blanket Drains
- Toe Drains
- Sand Collar Filter/Drain around Outlet Pipe

Reservoir —

— Blanket Drain

Phreatic Surface
— (Seepage Surface)

Blanket drains are generally located on the downstream third of embankment.

Using the wrong size
material can clog the
drain and cause many
problems.

Typical toe drain construction.



Sand Collar Filter/Drain around Outlet Pipe

— Diaphram Filter

£
B &

—Qutlet Conduit

Filter system around outlet (diaphragm filter)

Sometimes it is recommended to place
perforated pipe within the sand collar
material, penetrating two-thirds of the
collar’s length running parallel to the
conduit. This pipe should be
connected to a solid pipe outside the
sand collar that extends to a visible
location below the downstream toe of
dam.

SURFACE PROTECTION

Embankment surfaces must be protected from surface erosion. Upstream slope protection
usually consists of rip-rap. Downstream slope protection is typically native grass cover.
Always fence livestock off of dam!




Excessive upstream face erosion can
seriously threaten the dam by shortening
the crest width. A dam with a narrow
crest is much more susceptable to failure
from overtopping or slope instability.

Upstream Slope Protection

Protects against:
e wind
* wave erosion
* weathering
* ice damage
* potential damage from floating
debris

Downstream Slope Protection

Protects against:
* surface runoff
» wind erosion
e livestock damage

Recommendations for placing Rip-rap:

+ Wartch out for segregation!

* If dumping is done from trucks, dumping should proceed along
horizontal rows and progress up the slope.

* Loads should not be dumped to form vertical rows up the slope.

» Provide a bedding layer.

* Protects the embankment material from eroding by wave action.

* Located between the embankment and rip-rap.

* Use proper gradation.

* Many rip-rap failures occur because the bedding material is not
large enough to resist being sucked out through the rip-rap,

subsequently exposing the embankment.

* Often, geofabric blankets are used for bedding. Care should be taken
not to damage the blankets during rock placement.




COMPONENTS OF AN OUTLET WORKS

Outlet works are installed in dams to alloww reservoir water to be released in a controlled
fashion. For most reservoirs, there needs to be some means to supply irrigation water,
provide for downstream water rights, and maintain streamflow for fisheries. Even for
private recreation ponds, an outflow control structure is often needed to maintain the
level of the pond and to prevent release of excessively warm water to downstream fisheries.

There are four primary components of an outlet works:
1. Intake Structures or Inlets
2. Control Devices (gates or valves)
3. Pipes /Conduits
4. Stilling Basin

1. Drop
Inlet

d - |} ™

ot
— 2. Control e
Device (Gate) — 3. Outlet conduit 4. Stilling =
—1. Low level inlet basin

The four primary components of an outlet works.

INTAKE STRUCTURES

Low Level Inlet Drop Inlet
* Used to make controlled releases. * Often called a “trickle tube.”

* Allows water to enter uncontrolled
when the reservoir reaches a certain
level.

» Storage below low level inlet is
considered to be “dead storage.”

* Draws water from bottom of * Is considered to be a spillway.
reservoir.




Compaction is Critical!
The strength of plastic pipe is dependent on the soil surrounding the pipe.

Plastic pipe derives its strength from the

‘ surrounding backfill. Well compacted
[ backfill will support the pipe from high

e loads.

— i — — — S S e e — — — — — — — —

If the fill under a plastic pipe is loose, the

" pipe will often deflect and buckle. This is
the number one cause of failure of plastic
pipes, and is commonly seen.

"~ Loose soils under pipe

" Reservoir

Divider

A gate is a device that controls flow in a conduit without obstructing any portion of the
waterway when in the fully open position.

 Avalve is a device used to control flow in a conduit andthatpemanenﬂyobﬂmcts

the waterway . Valves arcmnmuctedsotlutthedmingmembermmamsinthe
passage way for all operating conditions. -




Reasons to use a gate instead of a valve:

* Access to outlet pipe for inspection: valves can prevent access to the conduit for
inspection or regular maintenance, due to obstruction in the waterway.

* Gates are normally less expensive.
* Valves have potential for increased maintenance.

*  Gates are easier to install,

Gate Location

There are four gate configurations used on small dams:

- Gate Vertical on Pipe Inlet
« Gate Inclined on Upstream Face of Dam
- Gate Vertical Inside Drop Inlet Structure

« Gate in Tower on Dam Crest

Reservoir—. <o
-

} _—Divider

Vertical
Slide |
Gate

* Usually accessed by a walkway.
* Least expensive and easiest to install.

*  Only recommended on very small reservoirs, with gentle upstream slopes. On
larger ponds, the gate stem and walkway are susceptible to damage from ice. In
addition, if something happens to the walkway, the gate operator cannot be
accessed at full pool.




Gate
Stem

Drop
Inlet—,

Reservoir—

~Gate ~—Outlet
conduit

Typical installation of inclined slide gate.

* Very common on small dams.

* Easy access to the gate operator.

* The stem must be buried and covered with rip-rap to prevent damage from ice.
* Gate is also more susceptible to blockage, so presence of trash rack is critical.

* Gate can easily be dislodged from guides.

* Maintenance costs are high -~ requires draining the reservoir.

Gangplank or

Walkway
Reservoir—. :
-
Y
Pt ~Outlet
~Vertical Slide _ Drop Inlet conduit
Gate

Typical installation of vertical slide gate at pipe inlet.



Reservoir—

Vertical
Slide _
Gate

Typical installation of vertical slide gate in drop inlet tower. Note gate is on upstream side of
drop inlet.

Caution:

It is almost never safe to place the gate on the downstream end of a pipe. When
a gate is placed on the downstream end and is shut, the pipe is under the full
pressure of the reservoir. Even tiny leaks in the pipe or joints can cause serious
erosion damage to the earth fill in the dam. Large leaks can cause the dam to fail.
Placing the gate on the upstream end ensures that the pipe is empty and dry
when the gate is closed.

TYPES

Slide Gates
WELL Wheel| Gates
Radial Gates

Fusegate Geomelry

BUCKET CRFPST

RUDBER
SEALS

SUPFORT
STRUTE |

Drum Gates

[~ 1003 Crest Gate
Rubber Dams

SPiLLWAY Fusegates

Flashboards




Wheel Gates Radial Gates
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Slide Gates
(Unbonneted)



Crest Gate
(Obermeyer Gate)

—Ewiting Concrata Face
h.! in




~Roller compacted
concrele
. Riprap face
# choked with
concrete

Drainage
pipe -

Rockfill timber Crib timbers

crib renoved

Diam
Event Tree Breach

Head-cut

At B
Advanced Partial

Damages

Local
Damages
Splwdy E:l'i'ﬁé:”_
;IFDW : S Partial
Intact = 1] Dameagca
Pot Hole

Spillway
Breach

Head-cut Development Head-cut Advancement




Ground Penetratina Radar (GPR)

Investigation Data
Design ~ Collection ~— Reduction

Analysis Interpretation

EXTRADOS (UPSTREAM FACE)

DOWNSTREAM
INTRADOS UPSTREAM
(DOWNSTREAM FACE)
ARCH SECTION
CANTILEVER SECTION

Typical arch unit and cantilever unit

NARROW -V
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Wire Rope 'ED\_
Hoist Drum
(Fixed Machinery

————— or Gantry Crane)

-
—
o
=
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Dam Siil

Vertical-lift gate

10 Hoist Drum on Pier
Wire Rope

or Chain x{-‘f ¢
/ .

Ring Gear &
—— — Rack
FLOW
Dam Sill

Roller gate



Wicket Cate

Hurter Trock
Prop

— Dam Sill
Wicket Gcfefﬁrf;j / —~4£z::
Operator  ————— —/g‘ e Lo

a4

e A vt

Hydraulic "1

Cylinder
Wicket gate

Solid Upper Leaf Buoyant Lower Leaf

FLOW
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Paradise Dam
Upstream Fish Lift Operations
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