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DUCKBILL ("PETAL"-TYPE) EMERGENCY SPILLWAYS 

by 

A. R. Bagramian 

Armgiprovodkhoz 

[Armenian Design, Surveying, and Scientific Research 

Institute of Construction for Water Reso~rces Management] 
-:,f' ' 

The construction and operation of storage facilities in mountain

ous regions have made it necessary to develop emergency spillway de-
. . . 

signs in which the inlet structures have mi~imum dimensions in plan 

and at the same time have long crest lengths. These requirements are 

satisfied by. inlets of the duckbill ( "petal •q type. 1 · A great s0-llway 

t cres~ length is insured by installing several weir dis~harge channels. 

The dimensions in plan do not, however, exceed those of shaft-type 

spillways. 

The first use of duckbill outlets in worldwide practice was in 

a medium-head spillway constructed at the Sarno dam of the Algerian 

"hy~roelectric power project. In the Soviet Union, _spillways of this 

type were first constructed in Armenia, in the reservoir of the Tatev-

--
1Translator's and Technical Editor's Note: The original uses 

the adjective lepestkovyi, or "petal," and the noun "margaritka" (in 

quotation marks), or "daisy," both referring to the arrangement of 

weir channels around the central shaft spillway. In American usage, 

a more common term is "duckbill"; see, e.g., H. H. Thomas, -The Engin

eering of Large Dams, part 2 (New York: Wiley, 1976). From this 

point on, except where the logic of the text requires "petal" or "dai

sy," we have used "duckbill" alone. 
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Plan and cross section 

of duckbill spillway (at 

Tatevskaya hydroelectric 

power plant) . 

(1) Reinforced-concrete 

trough-shaped weir; 

(2) reinforced-concrete 

pipe; 

(3) weir channel outlet 

port. 

skaya hydroelectric power plant, and 

later in the Azatskoe and Kechutskoe 

reservoirs. 

In the selection of spillway struc

tures for the Tatevskaya power plant 

reservoir, three types were considered: 

side-channel, shaft, and duckbill. 

Other structures were the same for each 

version. The spillway structure, com

bined with the diversion tunnel, was lo

ca±ed on the left bank of the Vorotan 

River. A comparison of the versions 

showed that the side-channel spillway 

was unsuitable because of the amounts of 

concrete and reinforced-concrete con

struction required and the associated 

costs. For the ordinary shaft spillway, 

too, the cost exceeded that of th~ duck-,._ 
bill type by I67,000 rubles. What: is 

more, data from hydraulic studies (car

ried out at ArrnNIIVPiG [Armenian Scien

tific Research Institute of Water 

Resources Management and Hydraulic En-

gineering]) showed that the height of 

the nappe in a conventional shaft spillway would be o·.as rn greater 

than in a duckbill-type ~pillway, and accordingly the height of the 

darn in the first case would also be O. 8 5 ·- IIL_greater. The crest length 

of the duckbill configuration is 115.68 rn; that of the conventional 

shaft-type spillway is 36.5 rn (limiting value set by the shaft 

height). On the basis of the advantages just stated, a duckbill 

spillway (see Figure) was selected in the design of the hydro power 

unit. 

The inlet structure of the spillway selected consists of trough

shaped reinforced-concrete weirs, each 11.6 rn long. The height of the 
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nappe is 1.55 m; the mean discharge coefficient of the weir is 

0.42-0.48. 

The weir channel dimensions vary. The depth is from Oto 8.3 m, 

the width from 1.9 to 4 m. The trough bottom is inclined at 45°. The -. 
vertical shaft (h = 5.2 m) is a reinforced-concrete pipe projecting 

1 m above the emergency pool level; it has water inlet ports (dimen

sions 1.9 x 8 m) located opposite each channel. 

The shaft passes through massive hard rocks. 

version tunnel, 5.2 min width, in a smooth curve. 

It joins the di

The shaft is lined 

with reinforced concrete 0.6 m thick. on · the tailwater side the shaft 

is joined by an air inlet pipe (d = 2 m). 

in the tunnel is 18 m/sec. 

The maximum water velocity 

The spillway at the Azatskoe reservoir was designed .in accordance 

with the topographic conditions on the right bank of the Azat River. 

In the selection of the spillway type, an engineering and economic 

comparison was made between a single-bay sicre-channel spillway and a 

duckbill spillway. The second was deemed more rational. Its design 

differs somewhat from that of the spillway at the Tatevskaya hycfro-

l electric ·power plant. The structure includes a spillway with a three

"petal" inlet structure, a chute, and an energy-dissipating curve with 

a radial profile. This approach made it possible to avoid large exca

vations on the right bank, where argillites and marls occur. Large 

·, excavations would have created the possibility of earth slides. 

The emergency spillway was designed to pass the maximum discharge 

(300 m3/sec), with an exceedance probability of 0.01%, based on flood 

hydrographs and bottom releases. ·The hei~ht of the nappe on the weir 

crests at this discharge rate is 1.8 m. The crest length of the duck

bill spillway is 72 m. The coefficient of discharge averages 

0.41-0.47. The "petals" of the "daisy" are constant in plan length 

and depth: 9 m and 4 m respectively. 

The weir chute is curved in plan, designed with a radius of 

curvature of 40 m. Measurements of the flow depth under laboratory 

conditions showed that, if there is no axial guide vane in the middle 

of the turn, the depth at the outer wall of the chute reaches approx-
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imately 4.7 m and is virtually zero at the inner wall. For this rea

son, a dividing wall 5.2 m high was constructed . The length of the 

turn is 41. 6 m. 

According to the results of the studies, -the width of the chute 

was taken as a constant 8 m throughout its length. The slope is 0.195. 

The end of the chute structure is widened to 16.4 m to further 

dissipate energy. The maximum discharge velocity here is 20 m/sec; 

the depth at the end of the overhang is 0.79 m. 

By making the bottom of the weir convex and widening it in plan 

at the same time, the flow was broadened over a comparatively short 
""' 

length; that is, the specific discharge was reduced to control the 

overall flow direction without swinging of the flow . With the help of 

a ski-jump dentated lip at the outlet end, the flow is ejected to a 

considerable distance (64 m) at a discharge of 300 m3 /sec over a width 

of 42 m. 

To prevent scouring of the structure ai low flows ( 4 m3 /sec), 

when water flows over the outlet face, there is a deep concrete ~ 

foundation under the overhang. 

The passage of the flood discharge of 60 m3 /sec in March 1982 

demonstrated that the inlet structure and chute perform reliably . 
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