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Dam Safety: Open Channel Spillways

(Concrete Chutesand Weirs)

ncrete chutes and weirs are used for principal
spillways and emergency spillways. The princi-
pal spillway isused to passnormal flows, and the
emergency spillway provides additional flow capacity
during large flood events. If the principal spillway for a
dam is a concrete weir and/or chute, the flow capacity
may be large enough that an emergency spillway is not
needed. Unlikegrass-lined channel spillwaysthat should
always be located on natural ground, a concrete weir or
chute may be located on the dam, but must be properly
designed so that the integrity of the dam is not endan-
gered.

The main components of aconcrete chute spillway are
the inlet structure, control section, discharge channel,
and outlet erosion control structure. The inlet structure
conveyswater to the control section. The control section
is the highest point in the channel and regulates the
outflow fromthereservoir. Itisusually located on or near
the crest of the dam. The control section may consist of
aconcreteweir or may simply be the most elevated slab
inthefloor of the chute. Thedischarge channel islocated
downstream of the control section and conveys flow to
the outlet erosion control structure. This structure is
designed to dissipate most of the erosive energy of the
flow before it enters the downstream channel.

Overall Design and Safety Considerations

Alignment

For good hydraulic performance, abrupt changesshould
be avoided. This applies to sudden changes in vertical
elevation of the chute floor, abrupt widening or narrow-
ing of the chute, and sharp turnsin the chute. Anything
that will abruptly disrupt or change the direction of the
flow inthechutewill reduceflow capacity and will place
more stress on the concrete. The best performance is
obtained when the distribution of flow iseven acrossthe
channel.

Settlement and M ovement

Abnormal settlement, heaving, deflections, and | atera
movement of the sidewalls or floor slabs of the spillway
can occur. Movements are usually caused by a loss of
underlying material, excessive settlement of the fill, or
the buildup of water pressure behind or under the struc-

ture. Any abnormal settlement, heaving, deflections or
lateral movement in the concrete spillway should be
immediately investigated by a registered professional
engineer knowledgeable about dam safety. As neces-
sary, plans and specifications for repair to the spillway
should a so be promptly developed and implemented by
aregistered professional engineer.

Theconcretesidewallsandfloor of the chutemust have
enough strength to withstand water |oads, soil/fill loads,
uplift forces, weathering, and abrasion. The forces of
weathering, movement of abrasive materials by water
flowing in the spillway, or cavitation may cause surface
defectsor moreseriousconcretedeterioration. Thefreeze-
thaw cycleisthe most damaging weathering forceacting
onexposed concrete. Theconcrete’ sdurability andresis-
tanceto weathering and deterioration will be determined
by the concrete mix, age of the concrete, and proper
sealing of the joints. Typical problems with concrete
structures include scaling, spalling, honeycombing,
bugholes, and popouts. Please refer to the “Problems
with Concrete Materials” fact sheet for further explana-
tion of these problems and more details about concrete
durability and design. Plans and specificationsfor repair
of structural cracks, or other structural problems, should
be developed and implemented by a registered profes-
sional engineer so that the integrity of the spillway and/
or embankment is not jeopardized.

Under mining

Undermining of the chute may occur at any point along
itslength. Thechute may becomeundermined at theinlet
and/or outlet due to an inadequate cutoff wall or erosion
protection. Erosion beneath and alongside the spillway
may al so be caused by seepage and inadequate drainage.
Undermining and erosion will lead to settlement of the
undermined portions of the chute. If the concrete spill-
way is located on the embankment, undermining and
collapse of portions of the chute will jeopardize the
safety of the dam. If the spillway is located in the
abutment, erosion and lowering of the lake level may
result. A registered professional engineer shouldbehired
to develop plans and specifications to repair undermin-
ing of the chute.
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Cutoff Wall and Endwall

A cutoff wall should be placed at the entrance to the
concrete chute to prevent the flow approaching and
entering the chute from flowing beneath and undermin-
ing the floor slabs. Undermining of the chute can cause
cracking and collapse of the dlabs as the underlying
material is eroded away. In addition, a cutoff wall is
necessary at the downstream end of the chutein order to
prevent undermining by flows exiting the chute and
entering the downstream channel. The cutoff wall or
endwall should be founded on bedrock or have adequate
support to provide stability and prevent undermining of
the wall itself.

Outlet Erosion Control Structure

The discharge at the outlet may exit the chute at ahigh
velocity. Based on the anticipated velocity, energy, and
volume of flow, astructure may be needed to protect the
spillway and/or dam from erosion and undermining.
Please refer to the “Outlet Erosion Control Structures”
fact sheet for more detailed information.

Seepage

Therate and content of flow fromweep holesand relief
drains must be monitored and documented regularly.
Muddy flow may indicate erosion of fill material along
the spillway or piping through the embankment. The
presence of soil particlesor muddy flow from the drains
indicatesthat thefilter or underdrainage is not function-
ing properly and is allowing the migration of soil par-
ticles from the embankment. Sudden increasesin flow,
or muddy flow from the drains should be immediately
investigated by a registered professional engineer in
order to determinethe cause and severity of the problem.
Plans and specifications to properly control the seepage
and repair the drain(s) and embankment should also be
developed and carried out under the direction of aregis-
tered professional engineer.
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In addition to monitoring the amount of flow, normal
mai ntenance consists of removing al obstructions from
drain holes and pipes to allow free drainage. Typical
obstructionsinclude debris, gravel, sediment and rodent
nests. Water should not be permitted to submerge the
pipeoutletsfor extended periodsof time. Thiswill inhibit
inspection and maintenance and may cause the drainsto
clog. Also seethe” Seepage Through Earthen Dams” fact
sheet for more information.

Underdrainage and Weep Holes

Weep holes, relief drains and underdrains must be
included with the concrete chute to relieve excessive
water pressure or infiltration from behind the walls and
floor. Thedrainagesystemfor the chute should consist of
correctly placed and sized drainage holes, perforated
pipes, and filter and bedding materials, such as sand and
gravel. Seepage can occur through the dam, along the
contact between theembankment and the concretechute,
or through open jointsand cracks. Uncontrolled seepage
flow along the structure can erode the underlying fill
material (undermining) which may cause cracking or
buckling of the slabs. Excessive pressure behind the
walls and floor of the chute can cause cracking and
heaving of the concrete. The freeze-thaw cycle can
increase the amount of stress and strain on the concrete
and can also cause heaving, cracking and additional
seriousdamagetothestructure. Weepholes, relief drains,
and underdrainage for a concrete chute spillway should
be designed by aregistered professional engineer.

Any other questions, comments concerns, or fact sheet
requests, should be directed to the Division of Water at
the following address:

Ohio Department of Natural Resources
Division of Water
Dam Safety Engineering Program
1939 Fountain Square, Building E-3
Columbus, Ohio 43224-1336
(614) 265-6731 (Voice) (614) 447-9503 (Fax)
http://www.dnr.state.oh.us/water
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