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INTRODUCTION

There are various factors to be con
sidered in the selection of a good
reservoir site, regardless of size, and
a favorable spillway site is highly im
portant. The ideal dam site is usually
tound at a narrow point in the valley
with a reservoir area widening out
upstream. A site on a main channel
just below the confluence of a tribu
tary allows both channels to form
portions of the reservoir. A site in
such a location generally does not
have the necessary topographic fea
tures for a natural sjjillway nor is it
conducive to the construction of a
cut spillway which could take care of
several years of excess runoff waters
without serious erosion. The ideal
condition for a natural spillway is
one which will have the overflow
spill wholly over solid rock but a
satisfactory spillway can be established
over an area which is heavily grassed
and on a grade which will not develop
water velocities high enough to cause
serious erosion. Good natural spill
way conditions are more often found
near the upper reaches of stream trib
utaries where small, two or three acre
foot reservoirs can be constructed as

a stockwatering supply. Larger and
more permanent reservoirs for a year
ly supply of water can, in most cases,
be found only on the lower reaches
of stream tributaries where spillway
problems have to be overcome.

Farmers, ranchers and various
agencies on the Canadian prairies
are often confronted with the task of

repairing damaged spillways to main
tain valuable water supplies on dams
constructed in the past. Eroded spill
ways are a common sight in most
farming and ranching areas of West
ern Canada. This condition, however,
is gradually being improved by new
developments in the repair, design
and installation of moderate cost spill
ways. The work which is being done
in moderating the cost of spillway
repair, installation and maintenance,
has made present day dam construc
tion feasible for more purposes and
in more difficult areas than in the

past.

The purpose of this paper is to
briefly review certain details of de
sign, construction, and cost, and to
discuss some of the pros and cons of

various types of spillways which can
be considered to be of moderate cost.
Recommendations which are made

apply to Canadian prairie conditions
and have particular regard to prairie
climate. It should be noted that prac
tically all the water which is collected
in small dams in this area comes from
spring runoff waters from melting
ssiow with peak flows occuring when
the soil is still in a frozen state.

TYPES OF SPILLWAYS

Four types of reasonably low cost
spillways and certain variations of
each type are briefly discussed. The
concrete weir and chute type of spill
way which is commonly used on large
earth fill and concrete dams will not

be covered in this paper. The various
types which may be considered in a
low or moderate cost bracket are as

follows:

1. Natural spillway.
2. Cut and grass seeded spillway.
3. Closed conduit spillway.
4. Concrete cutoff walls.

5. Polyethylene film.

Natural Spilhuay

A natural spillway can be regarded
as an open channel and a natural
feature of the land to which Man

ning's formula is applicable:
V = 1.5 r % s '/=

n

where V is the velocity, n is a co
efficient of roughness, r is the hy
draulic radius and s is the slope
in feet per foot. The coefficient of
roughness is dependent upon the
cloddiness of the surface, the presence
of rough organic matter in the soil,
the stability of the soil aggregates,
and the presence of vegetation. These
features are also associated with the
erodibility of a soil. This association
of course is in some cases in direct
ratio and in some an inverse ratio.
The erosive effect is increased as the
water depth and the slope increase:
therefore, spillway width, slope, vege
tative cover and soil type are im
portant factors in deciding on the
use ol natural spillways.

A survey of spillways on a large
number ot small dams was recently
conducted in various sections of the
prairies within the confines of the
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present P.F.R.A. boundary of opera
tions. The purpose of this survey was
to investigate actual spillway condi
tions in relation to the effective drain
age area, reservoir size, spillway slope,
soil texture and vegetative conditions.
The effective drainage which was used
may be defined as that area which
would conceivably contribute to peak
How in an average runoff year.
Marshes and sloughs with no connect
ing channel to the stream were ex
cluded. The results indicated that the
average effective drainage area con
sisted of 300 acres with a general
slope of 3% beyond the confines of
the coulee and tributaries. The run
off for 50% of the time from an
effective drainage area of this size
was estimated at 10 acre feet during
the spring runoff period. The aver
age reservoir capacity was five acre
feet. The soil texture was of sandy
or gravelly clay consisting of 40%
sand and gravel. The spillways were
covered with a good growth of native
grass. No appreciable amount of ero
sion was evident on spillways with
slopes less than 3.5%. Spillways with
slopes from 3.5% to 5% were showing
erosion at the downstream end and
serious erosion was evident on slopes
greater than 5% in all cases. These
dams had been in ojjeration for an
average of 10 years.

Cut and Crass Seeded Spillway

This type of spillway can be re
garded as an open channel created by
artificial means. Cut spillways must
be grass seeded for protection.

Establishing and maintaining ade
quate vegetation on cut spillways is
difficult for the following reasons:

1. After construction there is little
or no permiable soil on top.

2. Soils become hard during dry
periods.

3. Stony, hard soils make smooth
construction difficult.

4. Grasses are slow in becoming
established.

It is evident that construction, seed
bed preparation and seeding methods
require careful attention. Channels
require protection during the germin
ation and emergence period.. Hay
rolled out over the seeded slope and



held down by wire or jute netting and
pegged down is one method common
ly used. Fertilization, including man
ure, is also recommended. The top-
soil should be replaced before grass
seeding.

The grass should be seeded in a
well prepared seedbed in the spring
after runoff. A new grass for water
ways named Sodar has been recently
introduced into Canada from Pu.-
man, Washington (4). Sodar is
drought resistant, winter hardy and
long lived. The main advantage of
Sodar over other grasses adaptable
to Canadian prairie conditions is that
it does not clump, but forms a smooth
sod. Tests at the Swift Current Ex
perimental Farm showed Sodar is
equally as persistent as crested wheat-
grass and more persistent than brome
and intermediate wheatgrass. Seeding
of Sodar is recommended to be done
by drill at the rate of eight lbs. per
acre and at a maximum depth of one
inch, in rows spaced six inches apart.
Seeding should be done in two di
rections for a heavy stand on spill
ways.

Complete drainage of spillways is
important. Field observations have
shown ice formation on the ground
surface keeps the frost out which in
creases the erodibility of the soil dur
ing the runoff period in the early
spring. Spillways should be as wide
as possible in order to lower water
velocities.

The maximum grade of a cut spill
way with no vegetation should not
exceed 1%. Surveys have indicated
that where protective vegetation can

be maintained grades may be as high
as 2% to 3%.

Cut spillways should be terminated
so that the flow will empty on spread
ing areas (Fig. 1) which are, or can
be made, resistant to erosion. Natural
areas for this purpose may be rock
outcrops, rock studded areas, or sod
and brush areas. Artificial areas may
be prepared by building water spread
ers of wire, rock, dykes, or brush or
combinations of these materials. Sim
ple spreaders may consist of weighted
or staked-down brush or straw mats.
Willow cuttings used as stakes are
recommended. The brush or straw
mulch serves to disperse the water,
protect the soil, and promote grass
and weed growth. By the time the
mulch loses its effectiveness, the new
growth should have become well es
tablished.

Transparent polyethylene film is
recommended to prevent evaporation
loss and soil baking after seeding and
watering. This film prevents seed
from washing away in heavy rains
and can be easily removed after
growth is established.

Closed Conduit Spillway
This type of spillway is a metal or

concrete pipe used to convey water
from the reservoir f.s.l. through the
dam to the floor of the channel.
Closed conduit spillways have been
in use for a number of years; how
ever, only recently have changes in
the design made it economically feas
ible for use on most small storage
projects.

The drop inlet type of spillway,
using concrete conduits or pipe con

Figure I. A water spreading system. Natural or cut spillways should be terminated on areas
which are resistant to erosion.
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duits, necessitates experienced men
for installation and concrete hand

ling. Small stockwatering dams on
individual farms or ranches which are
in need of repair would in most cases
not warrant the high cost required
tor the installation of the drop inlet
type of closed conduit spilway. For
tins reason a large number of reser
voirs throughout the prairies were at
one time abandoned and replaced by
dugouts. Closed conduit spillways
witnout a drop inlet have reversed
this situation. Figure 2 shows the type
of closed conduit spillway without a
drop inlet which came into use on
some projects on the prairies just
prior to 1955. This is a simple and
cheap structure that can be used for
dams on farms and ranches, irrigation
and surface drainage drops, and in
other water and soil conservation

structures. The ease by which the
structures can be installed enables

farmers to do the work without exper
ienced help. This is a feature which
is making closed pipe conduit spill
ways a common method for bringing
abandoned dams back into operation
and making dam construction eco
nomical on sites which would have

otherwise been too expensive. One
important procedure which is not al
ways observed in the installation of
these structures is the method of

tamping. Hand tamping should be
done with a tool which has a tamp
ing surface not in excess of two square
inches. It is also important to allow
at least two feet for scouring at the
pipe inlet. No oppreciable amount of
scouring has been noticeable when
the inlet is placed two feet beyond
the face of a dam with an upstream
slope of 4:1.

Various improvements in the inlet
design have been made since 1955.
Figure 3 shows the type of closed con
duit spillway inlet with an anti-vortex
wall which was reported by Blaisdell
and Donnelly (2) to have far superior
flow characteristics than with a hood

ed inlet alone. An anti-vortex wall

inhibits vortex formation at low sub-

> •

Figure 2. A closed conduit spillway with two slopes.
This is a simple and relatively cheap structure
that can be easily installed without technical
assistance.



TABLE 1. COST COMPARISONS FOR CLOSED CONDUIT SPILLWAYS

Pipe Total
Diam Drop

Pipe
Gage
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Spillway with 2 Elbows
Mat &Exc Cap Cost

Cost CFS /CFS

Spillway with 1
Mat & Exc Cap

Cost CFs

Elbow

Cost

/CFS

Spillway with No Elbows
Mat & Exc Cap Cost

Cost CIS /CFS
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207.23

254.46

303.27

351.40

394.78

455.37

504.67

267.65

325.71

385.45

444.50

496.43

571.80

630.55

12.0

14.7

17.1

18.9

20.7
22.4

24.0

26.9

32.9

38.2
42.5

46.5

50.3

53.8

17.27

17.31

17.73

18.59

19.02

20.32

21.03

9.95

9.90

10.09

10.46

10.68

11.37
11.72

223.38

297.82

347.94

456.47
550.08

628.26

699.14

285.13

370.97

432.39

551.95

656.48

745.11
827.39

13.2

16.2

18.7
20.9

22.8

24.7
26.4

2976
36.3

42.0

46.8

51.4

62.0

59.3

16.90

28.38

18.60

21.84

24.02

25.44

26.48

9.63
10.21

10.30

11.79

12.77

12.02

13.95

216.11

272.63

343.32

412.61

463.13

565.27

655.87

290.59

356.61

438.22

516.99

578.46

691.05

793.05

14.9

18.3

21.2

23.6

25.7

28.0

29.9

33.4

41.1

47.4

53.0

58.0

62.6

67.0

14.50

14.90

16.19

17.48

18.02

20.19

21.94

8.70
8.68

9.24
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11.04

11.84
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480.49

562.54

643.90

713.29
816.79
896.88

47.7

58.4

68.5

76.4

82.5

89.2

95.5

8.39

8.23

8.21

8.43

8.64

9.16

9.39

415.87

524.99

609.79

751.55

878.40

988.37

109.93

52.5

64.4

74,5

83.2

91.0

98.3

105.0

7.92

8.15

8.18

9.03

9.65

10.05

10.42

419.36

504.78

608.70

707.84

790.65

924.58

1049.86

59.3

72.8

84.1
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7.53
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486.50

581.24

677.66

773.40

1148.75

1309.38

1432.81

790.20

935.08

1081.64

1227.52

1678.18

1901.81

2081.58

74.6

91.3

106.0

118.0

129.0

139.4

149.3

107.5

131.5

153.0

169.8

186.0

201.0

215.0

CLOSED CONDUIT
SPILLWAY

WITH HOODED INLET
NO ELBOW

STANDARD DESIGN

6.52

6.37

6.39

6.55

8.90

9.39

9.60

7.35

7.11

7.07

7.23

9.02

9.46

9.68

500.62

624.74

724.54

880.68

1326.62

1479.93

1632.77

791.88

968.32

1120.44

1326.72

1859.24

2064.14

2273.26

82.0

100.8

116.5

130.0

142.3

153.5

164.5

118.0

149.5

167.5

187.3

205.0

221.0

237.0

SECTIONAL ELEVATION ALONG CENTRELINE OF SPILLWAY " »»•••""

Figure 3. Plan of a closed conduit spillway with hooded iniet and anti-vortex wall.

mergence of the inlet which in turn
reduces discharge fluctuations.

Various installations of the design
(Fig. 3) have been made on different

size dams by conservationists on the
prairies since that time. There have
been no failures or mainteance costs

on any of the structures which have
been properly installed to date. Pipe
conduits of a straight length design
as shown or with one or two elbows

can be used depending on conditions
at the site. Conduits with two elbows
do not require as deep a cut in the
dam for installation as a straight pipe.
When an embankment is of a soil not
subject to shrinkage a two elbow pipe
conduit can be installed without
diapnragms; therefore, less time and
labour is required for installation.
There is less chance of failure by
channel erosion along the pipe by this

type of installation as the first section
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6.11

6.19

6.22

6.77

9.32

9.64

9.93

6.71

6.48

6.69

7.08

9.07

9.34

9.59

509.68

607.60

725.90

838.16

1213.14

1390.41

1562.97

778.86

920.38

1088.82

1246.86

1703.95

1932.81

2161.65

92.9

114.0

131.5

147.0

161.0

174.0

186.0

133.6

164.0

189.5

211.5

232.0

250.0

268.0

5.49

5.33

5.52

5.70

7.54

7.99

8.40

5.83

5.61

5.75

5.90

7.34

7.73

8.07

of pipe is kept above the reservoir
f.s.l.

Table 1 gives cost comparisons and
estimated capacities of various instal
lations of closed conduit spillways
with a hooded inlet and anti-vortex
wall. These installations, using a 12"
or 18" dia. pipe as an auxiliary spill
way to handle trickle flows, are rec
ommended for dams of five acre feet
capacity on an effective drainage area
of up to 300 acres if the natural spill
way slope exceeds 5%. Peak flows
which generally occur before the frost
is out of the ground can be handled
by steep spillway slopes for a short
period. Trickle flows, which may last
for a considerable period and which
cause practically all of the damage
on spillways, can be handled by a pipe
conduit. Trickle flows on drainage
areas up to 300 acres generally do not
exceed 25 c.f.s. for an appreciable
period; therefore, for small storage
dams of 10 to 15 feet in height, a
closed conduit spillway installation
is feasible in respect to cost.



A variation in the inlet design (Fig.
4), consists of a canopy inlet with an
end plate attached. This is a simple
design, and according to laboratory
tests (1), no significant vortex action
or scouring occurred if the end plate
and canopy length were varied with
the pipe slope. (Table in Fig. 4).

CANOPY INLET

FOR

CLOSED CONDUIT SPILLWAYS

DIMENSIONS OF THE CA

Figure 4. Plan of a canopy inlet for closed conduit
spillways.
Final Hook-up Position.

Another variation as reported re
cently (3), consists of an anti-vortex
plate of dimensions 1.5 D by 1.5 D
(D = pipe diameter) placed above
the pipe inlet. This is considered the
best anti-vortex device, considering
its low loss coefficient and its vortex
inhibiting ability.

Concrete Cutoff Wall

This type of spillway (Fig. 5) may
be regarded as a series of concrete
walls spaced at intervals across the
floor of a natural or cut spillway in
order to reduce the water velocity to
the extent where erosion will not oc
cur. This type of spillway can be
used to take care of high prolonged
flows. Serious erosion has been check
ed on wide spillway channels at a
moderate cost by this method. Excava
tion of a trench 8V2 ft. in depth and
10 in. in width is done with a trench
ing machine. Forming is not required
except for the part extending above
ground level. A drop of two feet is
made at each wall and an additional
drop of one foot is made along 50 feet

of ground surface between each wall.
This type of spillway construction is
limited to long spillway channels on
a moderate grade.

Polyethylene Film

Heavy polyethylene film is coming
into more popular use for erosion
control on spillways for small farm
ponds. This is particularly adapt
able for use in preventing undercut
ting of rock drop structures. The film
is advertised by manufacturers to re
main flexible in temperatures to -60°F
and will withstand up to eight years
of weather exposure. A variety of
weights of the material are on the
market.

SUMMARY

Well grassed natural spillways can
have slopes up to 3.5%. A trickle
spillway will control erosion on nat
ural spillways with slopes exceeding
5%.

The maximum grade of a cut spill
way with no vegetation should not
exceed 1% and not more than 3%
with protective vegetation when ter
minated onto spreading areas.

Natural or cut spillways should be
well drained.

Closed conduit spillways with pipe
conduits and a hooded inlet with an

anti-vortex wall have excellent flow

characteristics, are simple in design,
easy to install and relatively cheap.

Closed conduit spillways with a
hooded or canopy inlet and end plate
have a definite place in closed conduit
spillway design.

Concrete drops are recommended
for erosion control on long spillway
channels of a moderate grade.

Polyethylene film has a place in
spillway erosion control.

Moderate cost spillways as described
are particularly adaptable to prairie
conditions where yearly peak flows
generally occur while the frost is still

SPILLWAY EROSION CONTROL
BY

CONCRETE CUTOFF WALL

NOTE CONCRETE WITH 1/2" 0 STEEL REINFC
12 SPACING BOTH WAYS
EXCAVATION BY TRENCHING MACHINE

Figure 5. Plan illustrating spillway erosion control by concrete cutoff wall.
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in the ground. High flows of short
duration can be handled by natural
or cut spillways and erosive trickle
flows can be handled by low cost
pipe spillways. These low cost spill
ways with size adjustments can be
economically used in more moderate
climates.

REFERENCES

1. Beasely, R. P., L. D. Meyer, and
E. T. Smerden. Canopy Inlet for
Closed Circuits. J. Am. Soc. Agr.
Eng. 41:226-228. 1960.

2. Blaisdell, Fred W., and Charles A.
Donnelly. Hood Inlet for Closed
Circuit Spillways. J. Am. Soc. Agr.
Eng. 37:670-672. 1956.

3. Blaisdell, F. W. Hood Inlet for
Closed Circuit Spillways. Proc.
A.S.C.E., Hydraulics Div., 86 (Hy.
5). I960.

4. Lawrence, T. New Grass for Soil
Protection and Stabilization. The
Country Guide. 79(4):40-41. 1960.

5. U.S. Dept. Agr. Forest Service.
Watershed Structural Measures
Handbook No. 2534.

Continued from page 7

end of the cutter head to facilitate

the attachment of the drawbar link

age. The p.t.o. drive assembly is then
slipped on the belt pulley drive. Last
ly, the trailer is attached to the draw
bar. To detach the unit the procedure
is reversed.

In field operations, under condi
tions requiring considerable man-
oeuvering, the unit will harvest 1600
pounds of forage in 15 to 30 minutes,
depending upon the height and dens
ity of the sward. With 1800 r.p.m.
rotor speed, the average length of
chopped material is about 3.5 inches,
somewhat shorter than generally ob
tained from flail-type harvesters. With
the present hydraulic system, it is pos
sible to leave a stubble of 14 to 2

inches, making it convenient to pro
gressively sample horizontal segments
of the sward. Where greater range of
selection of sward is required, the
unit can be designed with a 16 or
24-inch stroke hydraulic cylinder.
Since the uncut crop is not trampled
by any of the wheels of the harvesting
unit, the cut herbage is free of soil
contamination from this source.
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