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PREFACE

The model investigations reported herein were authorized by the

• Office , Chief of Engineers (OCE), U. S. Army, on 29 April 1971t, at the

request of the U. S. Army Engineer District, Jacksonville. T stu.d.i.ee

were conducted in the Hydraulics Laboratory of the U. S. Army Engineer

Waterways Experiment Station (WES), during the period March 1975 to

November 1975, under the general supervision of Messrs . H. B. Simmons ,

Chief of -the Hydraulics Laboratory , and J. L. Grace, Jr., Chief of the

Structures Division. The tests were conducted by Messrs. N. R. Oswalt,

• H. H. Allen, and W. A. Walker under the supervision of Mr. C. A.

Pickering, Chief of the Locks and Conduits Branch. This report was

prepared by Mr. Oswalt.

• Mr. Sam Powell of OCE; COL Emmett C. Lee, District Engineer,

Jacksonville, COL Donald A. Wisdom, District Engineer, Jacksonville,

Mr. James L. Garland, Chief of Engineering Division, Jacksonville ,

and Messrs. Bill Robinson , Charlie Osborne, and Bob Bullock of the

Jacksonville District visited WES during the study to observe model

performance , discuss test results, and correlate these results with

concurrent design work.

Directors of WES during the study and the preparation and publica—

F tion of this report were COL G. H. Hilt, CE, and COL John L. Cannon ,

CE. Technical Director was Mr. F. B. Brown.
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC ( S I)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows :

Multiply By To Obtain

inches 25.14 millimetres

feet 0.30148 metres

miles (u.  S. statute) 1.609 31414 kilometres

feet per second 0.30148 metres per second

cubic feet per second 0.02831685 cubic metres per second

• pounds (mass) per cubic i6.oi8 146 kilograms per cubic
foot metre

-

~~~
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Figure 1. Project plan , recommended flood o~ nt ro1  plan
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• MOD EL STUDIES OF THE PORTUGU E S AND BU CAN A RIVERS
C1~~NNE1J ZAT1ON , PUERTO RICO

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

1. Fortugues and Bucana Rivers originate on the southern slopes

of the Cordillera Central Mountains in Puerto Rico and flow from this

central ridge of the island south to the Caribbean Sea at Ponce , the
second largest city in Puerto Rico (Figure 1).

2. The authorized plan of improvement consists of two multi-

purpose lakes , diversion of the Portugues River to the Bucana River in

the city of Fonco, and channel - improvements on both rivers as shown

in Figure 1. The plan would provide essentially standard project flood

protection , a dependable surface—water supply for Ponce and surrounding

area , and full public use of the recreational facilities surrounding the

lake. The dams would be rock—fi l led , wi th uncontrolled overflow spill—

ways located in the saddle on the east side of the Cerrillos Dan and in

the west abutment of the Portugues Dam. Outlet works would include an

intake tower and outlet conduit.

3. There are no provisions for maintaining any flow in the old

Portugues Channel downstream of the diversion channel . The lakes

are referred to as Lago de Portugues (Lake Portugues) and Lago de

Cerrillos (Lake Cerrillos). The channel improvements in Ponce include

enlargement of about 5.7 miles* of the Bucana River; enlargement of

about 2.1 miles of the Portugues River; and a diversion channel about

1.3 miles in length connecting Portugues River to the lower Bucana

River.

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is presented on page 
3.5
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• E x ist i ng  Problems

14. The flood problem in Ponce is among the most serious in Puerto

Rico . Damaging floods occur almost annually and revt~re floods are

expected about every 5 years. The flood of October 1970 was the last

major flood of known significance until that caused Py Hurricane Eloise

in September 1975, during this  model—tes t ing  r er iod .~~~~or t h a n  e000 per-

sons in Puerto Rico (1500 in Fonce) were reported driv ri t’ror: their

homes; and at least seven deaths and extensive ia.xna~ C re~ ultLd from

Eloise. Of’ more significance than loss of property ir U.t thr eat  to

human life. During major floods, the entire coastal portion of the

basin from F or-ice to the Caribbean Sea i~ inundated . In some areas of

Ponce , depth of flooding during a standard project flood would exceed

b ft. Advance warning of such a flood could be as little as 14 hr , thus

precluding safe evacuation of the populace.

Purpose arid Scope of Model Investigation

5. Two models were considered necessary to verify the adequacy of

and develop desirable modifications to the transitions from the trape-

zoidal to rectangular Portugues and Bucana Channels , the stilling basins

and transitions at the downstream ends of the concrete channels, and

the drop structures in the earth channels. One model was used to study

the transitions and stilling basins including riprap stability down-

stream from several Portugues and Bucana Channel basins.

6. The second model was used to study the flow conditions at all

drop structures in the Bucana Channel and also one Bucana transition

and stilling basin.

6
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PART III: TESTS AND RESULTS

Bucana Channel Drop Structures 1—14

12. Tests to determine the adequacy of the Bucana Channel drop

structures 1—14 (Plate 2) were conducted in the facility shown in Plate 3

and Figure 2b. For expediency , the initial test channel was covered

with grout in lieu of riprap. The channel riprap requirements were

determined in later tests after the optimum drop structure design had

been developed .

Drop structure 1

13. Initial tests conducted with drop structure 1 (Photo 1,

Bucana Channel sta 213+20) indicated that a satisfactory hydraulic

jump could be maintained in the basin with the design flow of 27,800 cfs

(Photo 2). The model water—surface profile and computed water—surface

profile along the center line of the channel and 66 ft each side of the
center line were in close agreement (Plates 14—6) .

114. Performance curves obtained for drop structure 1 throughout

the range of expected operation (Plate 7) indicated that the original

design structure would provide a satisfactory drop in water surface

without increasing downstream velocities or creating adverse flow pat-

terns. Photographs of the flow conditions observed with the design

flow of 27,800 cfs and a range of tailwaters beyond those expected are

provided in Photo 3. Both upstream and downstream velocities for the

original design are provided in Plates 8 and 9.

15. Although satisfactory performance was obtained with the

original design, baffle blocks were tested in the basin to determine

if they would strengthen the Jump and reduce velocities downstream. No

improvement to flow conditions was realized with baffle blocks in the

relatively short basin; therefore the original design drop structure 1

(Plate 2) was reconnuended.

Drop structure 2

16. Performance curves obtained throughout the expected range of

operation (Plate 10) indicated that the original design structure would

10
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Figure 14. Drop structure 14 , design 14, type 1 rip’:i~
plan (looking downstream)

Riprap Requirements Adjacent to Dco~
Structures, Bucana Channel

21, Two riprap plans were developed for the four 1-ucuin : ar’c-:-

structures. The largest drop structure (1) with the hl t’}:cOt desis ’u:

flow of 27,800 cfs required riprap protection plan 10 (Flute 21),

Drop structures 2, 3, and 14 with a design flow of 7ii ,T00 ‘fr :‘ -t u i i ’ - ,l

riprap protection plan 8 (Plate 22).
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sill located 90 r ’t downstream were best for the design flow. This de-

sign permitted a reduction of 148 ft in the original 138—ft length of
parallel wall section. This , however, did not eliminate eddies with

the intermediate and low discharges that allowed the jump to move up—

stream into the flared wall section. Further improvements in stilling

basin B—i were realized by modifying the invert slope in the flared

wall section .

27. The design 5 stilling basin B—i (Plate 30) produced satis—

factory flow conditions for the full range of expected discharges. Good

en:ei’gy dissipation resulted in the basin as shown in Photo 15 with

normal tailwaters and flows of 5,000, 10,000, 15,000, 20 ,000, 25,000,

and 28,900 ci’s (design flow).

28. A test was c o n d u c t e d  to check the effect of the B—i stilling

basin being partially plugged with debris and indicated that a buildup

of bed material will occur on the right side of the channel without

adversely affecting flow conditions and riprap stability. Figure 7

shows the B—l stilling basin after 30 mm ci’ simulated prototype flow

wi th sand and debris introduced upstream of sta 160+00.

Cni gir sid design B—2

29. Results s-sf tests conducted with the ori ginal designs 01’

flucana stilling basins B—2 and B—3 indicated the necessity to modi fy

the end sills and the channel bottom immediately downstream to accommo—

date design flows. The original B—2 and B—3 end sills were vertical

and 8.0 ft and 8.3 ft high , respectively . According to the most recent-

hydraulic design guidance,* the end sill heights for both B—2 and B—3

should be 0.5 D
1
. This would yield end sill heights of 2.5 to 3.0 ft.

Sloping end sills are preferred to vertical or stepped end sills be-

cause of their self—cleaning tendency which reduces damage from trapped

rock am a other debris. The baffle blocks in both basins are located

and aized in accordance with the above—referenced design guidance.

30. Photo 16 c-sf’ the original l~—2 basin was taken bel
’,’ro

* U. S. Army Engineer Waterways Experiment Station , CE, “Report ci ’
Hydraul ic Design Conferences , 1971—1972,” page 6, Dec 1973, Vickshurg,
Niss.
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