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NOTI CE TO USERS OF TH S MANUAL

Thi s docunent supersedes all other docunents concerning water
control at the Cerrillos Dam and Reservoir.

EMERGENCY REGULATI ON ASSI STANCE

In the event that unusual conditions arise during non-duty
hours, emergency regul ati on assi stance can be achi eved by
contacting, in order listed, one of the follow ng persons.

Kei th Jones

Ji m Vear i

Beeper *

Ron Hi | ton

Dr. Ed M ddl et on

Note: JimVearil or Keith Jones will have the beeper. After
di aling the beeper nunber wait for the tone. After the tone,
di al the phone nunber that you want the call to be returned to.

Last Updated: 01 July 1997
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CERRI LLOS DAM AND RESERVA R

PERTI NENT DATA

Locat i on:

Pur pose:

St ream

D st ance from Ponce:

Dr ai nage Area:

Dam

Type

Hei ght

Length

Upstream si de sl ope
Downstream si de sl ope
Crest Elevation

Crest Wdth
Qutl et Wirks:
Type

Regul ating outlet slide gates
w Energency gates

Lowfl ow wi t hdr awal
w Energency gates

Sel ective w t hdrawal
| evel s

Openi ng at each | evel

slide gates

Centerline elevation of the
wi t hdrawal ports feet, NGVD

Regul ating outlet tunnel
l'ined

Length (including cut & cover)
Cut and cover length
Upstreaminvert el evation
Downstream i nvert el evation

XV

Muni ci pality of Ponce in
south-central Puerto Ri co

Fl ood control, water supply,
recreation, fish & wildlife,
wat er qual ity enhancenent

Cerrillos River
Approximately 4 mles (NE)

17.5 square mles

Rockfill
323 feet
1, 555 feet

1V - 2.2H and 1V -
1v - 1. 8H

634.7

32.8 feet

W i npervi ous core

3. 5H

Mul ti pl e-use inclined intake
structure
Two - 3" X 4’9"

Two - 1" X 1’8"

Multiple |evel intake at 4

One 5’
to 3

X 5
r ound

to 3 X 3

407.5, 435.0, 474.5, 524.5

18-f oot -di aneter, concrete
1, 425 feet
69 feet
345 f eet
308 feet



CERRI LLOS DAM AND RESERVA R

PERTI NENT DATA

Stilling Basin:

El evati on

Length

W dt h

Endsi || el evation
Baffl e Bl ock el evati on
Rows of baffle bl ocks

Energency Spillway:

Locati on
Type
Crest length

Crest elevation
Desi gn di schar ge

St orage and Pri nci pal

El evati ons:

Fl ood control storage

Wat er supply storage

M ni mrum and sedi nent storage
Total storage

El ev., max. pool

Elev., max. flood control pool

Elev., mn. flood control pool/
max. conservation pool

El ev. mn. conservation pool

Reservoi r:

Area, nmaxi mum pool

Area, mninmmflood control poo
Area, m ninmum conservation pool
Length

Note: Al
nmean sea | evel datum known as the Nationa
Dat um ( NGVD) .

XVi

308.80 to 290.00 feet

188 f eet

varies 18 feet to 28 feet
291. 34 feet

291. 75 feet

1

Ri ght abut nent

Unpaved, ungated overfl ow
394 feet

611. 3 feet

75,280 cfs

15, 975 acre-feet
25,200 acre-feet

5,635 acre-feet
46, 810 acre-feet

629. 4 feet
611. 3 feet
573.0 feet

451.0 feet

525 acres
350 acres
100 acres

1 mle

el evations in this report are referenced to the 1929

CGeodetic Vertical



[ - 1 NTRODUCTI ON

1-01. Authorization. This report is prepared in response to
CESAD- EN-HW | etter dated 5 Septenber 1989 concerning preparation
of water control manuals. It is prepared pursuant to ER
1110- 2- 240 according to guidance in EM 1110-2-3600 and ER
1110- 2- 8156.

1-02. Purpose and Scope. This volume is witten to assi st

proj ect personnel in the day-to-day operation of the Cerrillos
Reservoir. Additionally, it serves as a reference source with
I nformation pertinent to the project. Procedures for operation
and mai nt enance are covered under different regulations and
publ i shed under a separate cover

1-03. Related Manuals and Reports. Upon conpletion of the
Portugues Dam a separate water control manual for the Portugues
Reservoir wll be witten. The specific reports that relate to
the Cerrillos Dam and Reservoir portion of the Portugues and
Bucana Rivers Project are as follows:

a. Authorizations. The projects for flood control and
ot her purposes on the Portugues and Bucana Rivers, Puerto Rico,
were aut horized by Section 201 of the Flood Control Act of 1970,
Public Law 91-611. The part of the act applicable to this report
relates to flood protection and ot her purposes for the Cerrillos
Dam and Reservoir, Puerto Rico, authorized substantially in
accordance with the recommendati ons of the Chief of Engineers in
House Document Nunber 91-422.

b. Corps of Engineers Studies. Design Menoranda prepared
by the Corps of Engineers are listed in Table 1-1 begi nning on
page T1-1.

1-04. Project Omer. The |local sponsor of the Portugues and
Bucana Rivers (P&B) project is the Departnent of Natural and
Envi ronnent al Resources (DNER) of the Commonweal th of Puerto
Ri co.

1-05. Operating Agency. Under the |ocal cooperation agreenent
bet ween the Corps of Engineers and the Departnent of Natural and
Envi ronnent al Resources of the Conmonwealth of Puerto Rico that
becane effective on 22 July 1974, the DNER is required to operate
and maintain all conpleted works in accordance wth regul ations
prescri bed by the Secretary of the Arny.

1-06. Reqgul ating Agencies. Projects constructed by the U S
Arnmy Corps of Engineers for local flood protection are subject to
regul ati ons prescribed to cover operation and nai ntenance. These
regul ati ons are contained in section 208.10 and 208.11, Title 33
of the Code of Federal Regulations. A copy of these regulations
Is found in Exhibit D of this manual. These regulations are
suppl enment ed by approved water control plans and nanual s.
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Table 1-1

Desi gn Menor anda

NUVBER TI TLE SUBM SSI ON DATE
1 Basi ¢ Hydr ol ogy May 72
2 Pl an Formul ation and Site Sel ection

(CGeneral Design Menorandum - Phase 1) Jul 73
3 Lower Ponce Channel | nprovenents

(CGeneral Design Menorandum - Phase 11) Jan 74

Lake Cerrillos Site Geol ogy Sep 83
5 Cerrillos Dam

(CGeneral Design Menorandum - Phase 11) Sep 80
6 Upper Ponce Channel | nprovenents

(CGeneral Design Menorandum - Phase 11) Cct 76
7 Lake Cerrillos Dam Construction Facilities Sep 80
8 Lake Cerrillos - Diversion & Tunnels DM Mar 82
9 Lake Cerrillos Concrete Material DM Feb 81
10 Lake Cerrill os Master Recreation Plan Jan 89
11 Lake Cerrillos Qutlet Wrks Feb 83
12 - Unassigned - -
13 Lake Portugues Site Geol ogy Nov 81
14 Lake Cerrillos Instrunentation Cct 83
15 Lake Cerrillos Recreation Cct 89
16 Por t ugues Dam

(CGeneral Design Menorandum - Phase 11) Jun 83
16A Por t ugues Dam Conpar ati ve Anal ysi s Sep 82
17 Lake Cerrillos Dam and Spill way Jun 83
18 Lake Cerrillos Reservoir Cearing Dec 88
19 Cerrillos Dam Hydroel ectric Powerpl ant Jun 83

T1-1



Tabl e 1-1 (Continued)

Desi gn_ Menor anda

NUMBER TI TLE SUBM SSI ON DATE
20 Lake Portugues Concrete Materials Jul 86
21 Lake Portugues Structural Properties and

Speci al Studi es Feb 88
22 Lake Portugues Foundation Investigations May 88
23 Lake Portugues Instrunentation Dec 97
24 Lake Portugues Dam and Spil |l way Dec 89
25 Lake Portugues Reservoir Cearing May 98
26 Lake Cerrillos Initial Filling Jan 89
27 Lake Portugues Recreation Apr 95
28 Lake Portugues Initial Filling Dec 99
29 Por t ugues Concrete and Bri dges May 81
30 Ponce Channel Recreation Master Plan Apr 84
31 I nundati on Mapping for use in Energency

Action Planning - Cerrillos Dam May 83
32 Interim- Energency Action Plan for

Cerrillos Dam(During Construction) May 84
33 Ponce Channel Recreation FDM Jul 87

T1-2



1 - DESCRI PTI ON OF PRQJECT

2-01. Location. The Bucana River is formed by the confluence of
the Cerrillos and Bayagan Rivers, which originate on the southern
sl opes of Cordillera Central and flows fromthis central ridge of
the island to the Cari bbean Sea. Ponce, the second |argest city
in Puerto Rico, is located in the | ower coastal area along the
Bucana River. The Cerrillos Damis |ocated on the Cerrillos

Ri ver approxinmately four mles northeast of Ponce (see Plate 2-

1) .

2-02. Purpose. The total project plan of inprovenent consists
of two multipurpose reservoirs, wth downstream channel

| mprovenents on both the Portugues and Bucana Rivers and a

di version channel fromthe Portugues River to the Bucana River.
This total project plan will provide essentially standard project
fl ood protection, a dependabl e surface water supply for Ponce and
surrounding area, fish and wildlife enhancenent, and recreation
facilities for full public use of the reservoirs. |In addition,
the project reservoirs will be operated to assist in hel ping

i nprove downstream sanitary conditions by periodic rel ease of

| npounded water to provide flow in the Portugues and Bucana
downstream riverbeds. Such flows will curtail nosquito breeding
I n stagnant pools during the dry season.

2-03. Physical Conponents. The approved project consists of a
mul ti pl e purpose dam and reservoir on the Cerrillos River. A
rockfill damw th outlet works consisting of an inclined intake
structure, a regulatory outlet tunnel, and a stilling basin

| ocated in the left abutnment, and a spillway excavated in the

ri dge adjacent to the right abutment. These features are shown
on Plate 2-2. A nore conplete description of the Cerrillos Dam
is found in Exhibit A

a. Min Enbanknment. The main enbanknment is a 323 feet high
zoned rockfill enmbanknent consisting of a central clay core
flanked by a two stage filter which is supported by zoned rock
shells. The enbanknent’s axis is approximtely 1,555 feet |ong
and arched upstream The crest elevation is 634.7 feet NGVD, and
Is 32.8 feet wwde along its entire length. The upstream and
downst ream si desl opes are 1V on 2.2H and 1V on 1. 8H
respectively. A 105-foot high cofferdam constructed within the
upstream sl ope of the nmain damto protect downstream areas during
construction of the main dam serves as an integral part of the
main dam Riprap is placed on the upstream sl ope for protection
agai nst wave action. A triple line grout curtain 200 feet deep
is provided beneath the enmbanknment along the centerline axis.

Typi cal cross sections of the enmbanknment are shown on Plate 2-3.

b. Qutlet Wrks. The outlet works consist of an inclined
mul ti purpose intake structure, an 18-foot dianmeter regul atory
outlet tunnel and a stilling basin located in the |eft abutnent.
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The intake structure features two regul atory outl et gates which
will provide for flood control releases up to the downstream bank
full capacity of 2,500 cfs fromthe m ninmumfl ood control pool
el evation of 573 feet, NGVD, to the naxi mum pool el evation of
629.4 feet, NG/D. Alow flow withdrawal systemis provided to
permt small releases fromdifferent levels within the reservoir
pool. A section view of the intake structure is shown on Plate
2-4.

c. Spillway. An ungated spillway is cut through the ridge
adj acent to the right abutnent of the damas shown on Plate 2-2.
The spillway crest is at elevation 611.3 feet, NGVD.

d. Reservoir. Lake Cerrillos is a nultipurpose reservoir
W th a maxi num storage of 46,810 acre-feet at the maxi mnum fl ood
control pool elevation of 611.3 feet, NGVD. Included in this
maxi mum st orage are 15,975 acre-feet of flood control storage,
25,200 acre-feet of water supply storage, and a m ni num sedi nent
storage of 5,635 acre-feet. The conservation pool ranges from
the m ni num conservati on pool elevation, 451.0 feet, NGVD, to the
m ni mrum fl ood control pool elevation, 573.0 feet, NG/D. The
fl ood control pool ranges fromthe m ninumflood control pool
el evation to the maxi num pool elevation, 629.4 feet, NG/D. Table
2-1 shows the storage and area of the reservoir at key pool
el evations. The |ake has a |l ength of approximtely one mle and
about 12 mles of shoreline. A plan view of the reservoir is
shown on Pl ate 2-5.

Table 2-1

St orage and Area of the Reservoir at Key Pool El evati ons

El evation St or age Area

(Ft., NGVD) (Acre-feet) (Acres)
M ni nrum Conser vati on Pool 451.0 5, 635 100
M ni mum Fl ood Control Pool 573.0 30, 835 350
Spi |l | way Crest 611. 3 46, 810 470
Maxi mum Pool 629. 4 55, 500 525

Source: Design Menorandum No. 26, Feature Design Menorandum -
Lake Cerrillos Initial Filling Plan - January 1989, Table 2-1,
Page 2-2, Revised June 1997 by ENHW

2-04. Related Control Facilities. The total project includes 10
m | es of channel inprovenents, 16 drop structures, 2 debris

basi ns, and 2 nulti-purpose reservoirs. The Lower Portugues
Channel extends for a distance of 1.1 mles to the confluence with
t he Bucana Channel, approximately 1.5 mles fromthe nouth. The
Lower Bucana Channel extends for a distance of 2.6 mles. Both
channel s are provided with stone protection against high velocity
flows. The Upper Bucana Channel inprovenents extend 2.95 mles as
a rectangul ar concrete channel. The remaining 2.45 mles of

2-2



channel s consists of earth revetted channels with stone protection
agai nst high velocity flows on the side slopes. Five 125-foot

Wi de drop structures were constructed in this segnment because the
| ow vel ocities would increase gradually and becone erosive as the
fl ows noved downstream The Upper Portugues Channel | nprovenents
extend for 1.7 mles. The channel consists of 1.0 mile of
rectangul ar concrete channel with the renmai nder consisting of
earth revetted channel. The Cerrillos Dam and Portugues Dam wi | |

I mpound water to form nulti-purpose reservoirs.

2-05 Real Estate Interests and Acquisition. The Corps of

Engi neers requested from Department of Natural and Environmental
Resources (DNER), Project Sponsor, approximately 1060 acres of
|l and required in fee for project purposes. DNER acquired and
certified the necessary |ands for project life.

2-06. Public Facilities. There will be five recreational sites
devel oped along the reservoir. These sites will have a variety of
recreational opportunities for the people of Ponce and surroundi ng
communities. Qher recreation sites have been devel oped al ong the
channel s downstream of the Dam Table 2-2 shows the recreation
sites and the opportunities available at the reservoir.

Tabl e 2-2

Recreational Opportunities

Recreation Site Activities
Canpo De Recreo Si ght seei ng
de Cerrillos Pi cni cki ng
Qut door Ganes
Nat ure \Wal ks
Drive for Pl easure

Bella Mrada Si ght seei ng
Nat ur e Wal ks
Drive for Pleasure

El M rador Si ght seei ng
Nat ur e Wal ks
Drive for Pleasure

El Atracadero Boat i ng
Fi shi ng
H ki ng
Pi cni cki ng
Qut door
Puerto Rustico Boat i ng
Canpi ng
H ki ng

Source: Design Menorandum No. 15, Lake Cerrill os Recreation -
Cct ober 1989
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11 - H STORY OF PRAJECT

3-01. Authorization. The projects for flood control and ot her
pur poses on the Portugues and Bucana Rivers, Puerto Rico, were
aut hori zed by Section 201 of the Flood Control Act of 1970,
Public Law 91-611 dated 31 Decenber 1970. The part of the act
applicable to this report relates to flood protection and ot her
purposes for the Cerrillos Dam and Reservoir, Puerto R co,

aut hori zed substantially in accordance with the recomrendati ons
of the Chief of Engineers in House Docunent Nunbered 91-422.

3-02. Planning and Design. This section briefly summarizes the
studies | eading to the devel opnent of the authorized project.
Preaut hori zation studies were initiated with a public neeting in
March 1965, the District Engineer’s report was conpleted in
February 1970, and the project was authorized in Decenber 1970.
The principle alternatives eval uated were a conbi nati on of
storage and channeli zation, channelization al one and
nonstructural alternatives. Storage al one would not provide
adequate flood protection to Ponce.

Thirteen dansites were investigated during the preauthorization
studies; four on the Cerrillos R ver, three on the Portugues
River, two on the Chiquito River, one on the Bayagan River, and
t hree whi ch woul d i npound bot h Portugues and Chiquito Rivers.
Prelimnary costs for conparison of dansites were based on
constructing rockfilled danms, with spillways to be excavated in
saddl es adj acent to the dans or in one of the dam abutnents.
Concrete dans with ungated overflow spillways were al so

consi dered but would cost about tw ce as nuch as rock-filled
dans. Because of the extrenely fast flood runoff and need for
qui ck and dependabl e operation, dans with gated spillways were
not considered. Single dans on Portugues and Cerrillos Rivers
were found to be the best alternative of the |ake plans

i nvestigated. Control of Chiquito and Bayagan Rivers woul d
reduce downstream i nprovenents and woul d afford additional water
supply and ot her multipurpose benefits, but the savings and
addi tional benefits were not sufficient to justify the cost for
storage on these rivers.

Three general plans were investigated in the preauthorization
studies for nodifying the channels through Ponce to renove the
runof f downstream of the danms: channelizing both rivers to the
sea; diverting Portugues River to Bucana River; and diverting
both rivers to the east of the Bucana River. The Portugues River
di version plan was found to be the best of these alternatives.
Two di version routes were considered in detail, one in the
northern section of the city and another in the southern section.
The | ower diversion proved to be the better route in the final

pl an formul ati on.

Several nonstructural alternatives were considered in
3-1



preaut hori zati on studies, including a flood-warning system flood
pl ain evacuation, flood plain regulation, and floodproofing. A
fl ood-war ni ng system woul d be i nadequat e because of fl ood
characteristics of the basin. There would be insufficient tinme
to safely evacuate the popul ati on and protect val uabl e property.
A study was nmade of the feasibility of permanent evacuation of

fl ood prone urban devel opment within the area flooded in 1954.

It was assuned that a flood-free area with the same geographic
advant ages woul d be available to relocate all residences and
comerci al establishments, though such an area could not be
readily identified. An evaluation was also made of a plan to

fl oodproof the structures in the 1954 flood plain. Both of these
pl ans were rejected on the basis of excessive costs.

To determ ne the nobst econom cal conbination of reservoir storage
and downstream channel i zati on, cost curves were devel oped for
reservoirs with varying amounts of flood storage and for the
channel project for varying design capacities. The reservoir
costs for flood control were the separable costs of adding this
storage to reservoirs serving dual purpose of water supply and
recreation. Routings were then nmade for project scales of 50-
year, 100-year, and Standard Project Flood protection. By
varyi ng the anount of reservoir storage for each project scale,
the opti num storage was determned. In all cases the nbst cost
efficient plan required that the reservoirs store enough of the
inflow to prevent any increase in downstream peaks fromthe
uncontrol |l ed portion of the basin.

The preaut horization studies found that flood control benefits
woul d be maxi m zed for a project that would provide protection
against a flood with a recurrence interval of 190 years.

However, a project to provide as nearly as practicable conplete
protecti on against the Standard Project Flood was sel ected due to
the residual hazard to life and property for a project of snaller
scope. The authorized plan of inprovenent is shown on Plate 3-1.

A public neeting was conducted on 8 August 1972 at Ponce, Puerto
Ri co, in cooperation with the Departnent of Public Wrks to

I nvol ve the public in the preconstruction planning studies. A
detail ed presentati on was made on the description of the

aut hori zed project; the current status of planning; probable
project effects on the environnment and the need to consi der post-
aut hori zation nodifications or alternatives. At the
recommendati on of the Secretary of Public Wrks all persons
owning water rights in the Portugues and Bucana Ri ver basins or
having i nformati on on such rights were urged to attend the
neeting and submt copies of pertinent docunments of information
to the Departnent of Public Wrks.

Subsequent plan formrul ati on studies involved a review of the
basi ¢ pl anni ng and deci si ons nmade during the general

i nvestigations stage in light of the current conditions and with
the benefits of nore detail ed economc, environnental, and
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engi neering data. During the short tinme period between

conpl etion of general investigation studies and initiation of
preconstruction planning (about 18 nonths), no major changes in

| ocal conditions, desires, or needs occurred that altered the
basic formul ation of the authorized project plan. The Cerrillos
dansite had to be noved upstream for geotechnical reasons, and
wat er supply storage was increased at both dans. These matters,
however, were found to have little inpact on the overall |ocation
and scope of the authorized project works.

A series of design nenoranduns were prepared for the project. A
list of these reports is found in Table 1-1. During the
preparation of these reports no maj or changes were made to the
general plan for the Cerrillos Dam However, there were severa
changes made in the type and | ocation of the outlet works,
spillway | ocation, the damaxis |ocation, and sone hydraulics
design. Also an inclined-type intake structure was proposed in
lieu of the freestanding intake structure presented in the
General Design Menorandum for the dam This structure is safer
than the freestanding structure fromthe standpoint of
seismcity, and was nore econom cal to construct.

3-03. Construction. The Local Cooperation Agreenent (LCA) for
the Cerrillos Dam was signed on 15 March 1982. Construction
contract DACWL7-84-C- 0058 for the Cerrillos Dam Enbanknent,
Spillway, and Qutlet Wrks was awarded to Dillingham Construction
Conpany on 28 Septenber 1984 for $68,421,540. The contractor was
given notice to proceed on 15 Cctober 1984. W rk on the dam was
virtually conplete in April 1991 when the Cerrill os Dam was

dedi cated. Subsequent nodifications and clains have resulted in
t he dam costing approxi mately $140, 383, 000.

3-04. Related Projects. There are no other related projects in
the basin. However, the Cerrillos Damis just one project
feature of the nulti-purpose Portugues and Bucana Rivers Project.
Channel i zati on of these rivers along with the Cerrillos and
Portugues Dans will provide anple and direct protection to Ponce
fromfloods. The total project includes 10 mles of channel
| nprovenents, 16 drop structures, 2 debris basins, and 2 nulti-
pur pose reservoirs.

The Portugues Damis a concrete, three-centered, double-curvature
arch dam curved in both the vertical and horizontal planes. The
damis designed as a nulti-purpose damto be constructed in two
phases. The Commonweal th has requested that the dam be
constructed as soon as possible for flood control and recreation,
but to defer the water supply feature to a |later date. The
proposed damis |ocated on the Portugues River, 8.3 mles above
its mouth and is designed with a crest height of 270.6 feet and

|l ength of 1,505 feet. |Its reservoir will provide 8,626 acre-feet
for flood control and 14,000 acre-feet for water supply and water
quality. The expected water supply yield is 12.4 ngd. The
Portugues Damis currently scheduled for conpletion in June 1999.
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3-05. Modifications to Regulations. At this tinme no
nodi fication to project regul ati ons has been request ed.

3-06. Principal Reqgulation Problem No problens associated with
regul ati on of the reservoir have been reported or are foreseen.
However several unforeseen conditions have devel oped during the
initial filling of the reservoir.

a. Seepage collected and neasured in the toe-drain system
has been greater than projected in the design process. An
anal ysi s done during the design of the dam predicted a seepage
rate of approximately 1 cfs. Upon initial filling of the
reservoir seepage neasured in the toe drain system has exceeded 5
cfs. A "Cerrillos Dam Seepage | nvestigation Task Force" was
formed to determ ne the cause of the increased seepage and any
associ ated problens that nmay be caused. The Task Force
determ ned that the increased seepage does not affect the
integrity of the dam nor affect its function of neeting its
proj ect purposes. Although the exact source of the seepage is
not known, it is believed to be comng through rock fractures in
the | eft abutnent.

b. Also during initial filling many | eaks devel oped in
the intake structure. Several large |eaks directly affected the
operating equi pment of the intake structure. The Jacksonville
District used in-house drill crews to drill and grout these |eaks
in the intake structure. As part of the seepage investigation,

It was determ ned that poor concrete conpaction and vibration was
t he maj or cause of the |eaks.

In Cctober 1985, a tropical wave (later naned |Isabel) inundated
Puerto Rico - hitting the Ponce area particularly hard. Due to
t he excessive rainfall, a landslide occurred in the |eft
abutnment, striking the partially conpleted intake structure.
Danage to the concrete, rebar, and waterstops at this el evation
Is felt to have contributed to the excessive | eakage in the

i ntake structure during initial filling.
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