VI - WATER CONTROL PLAN

7-01. GCeneral Objectives. The total project plan of inprovenent
consists of two multipurpose reservoirs with downstream channe

i mprovenents on both rivers and a diversion channel fromthe
Portugues River to the Bucana River. This total project plan wll
provi de essentially standard project flood protection, a
dependabl e surface water supply for Ponce and surroundi ng area,
and recreation facilities for full public use of the reservoirs.
In addition, the project reservoirs will be operated to assist in
hel pi ng i nprove downstream sanitary conditions by periodic

rel ease of inpounded water to provide flow in the Portugues and
Bucana downstreamriver beds. Such flows will curtail nosquito
breeding in stagnant pools during the dry season. A description
of the Cerrillos Dam and Reservoir is included in Exhibit A

7-02. Major Constraints. The major |limting factors considered
I n devel oping the regulatory rel ease plan include the channel
capacity of 2,500 cfs fromimredi ately downstream of damto the
debris basin, downstream channel capacities in the mgjor flood
damage centers, |ocal downstream i nflow hydrograph lag tinmes, and
hydr ograph conbi ni ng effects.

The bankfull capacity of the channel frominmedi ately downstream
of the damto the debris basin is estimted to be 2,500 cfs. The
bankful | channel capacity downstream of the damwas verified

t hrough controll ed rel eases and nonitoring that was conducted 21
March 1997. Depending on estimtes of |ocal inflow between the
dansite and the debris basin, releases through the regulating
outlets will be limted to a maxi nrum of 2,500 cfs except for
energency conditions prescribed in the Emergency Action Pl an.

Anot her constraint concerni ng dam operation invol ves di scharges
and the Vayas | ow flow crossing which inpacts famlies |iving on
the east side of the river downstreamof Cerrillos Dam During

| arge flows the crossing becones a channel obstruction forcing a
portion of the flow out of natural streanbed and down an
alternate access road. Community residents should be notified of
i npendi ng reservoir rel eases.

The channel capacity nonitoring that was conducted 21 March 1997
under controlled conditions confirnmed that wth flows over 100
cfs the crossing becones inundated. Additionally, when flows of
500- 1000 cfs occur the alternate access road is cut off because
the access road elevation is very close to streanbed el evation in
this area. Also, large flows for several hours will cause the
riverbed to shift and cover culverts of the |ow fl ow crossing
which wll require maintenance to uncover the culverts and
restore the flows under the crossing.
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7-03. Overall Plan for Water Control. The current plan of
operation for the Cerrillos Reservoir provides for nmaintaining a
normal pool elevation of 573.0 feet, NGYD. Water stored above

el evation 573.0 feet, NGVD encroaches upon the flood control

pool. Therefore any water above elevation 573.0 wll be rel eased
as soon as practicable. Flood control storage space is reserved
bet ween el evations 573.0 (top of conservation pool) and 611.3
feet, NGVD (top of flood control pool) with surcharge storage
provi ded above the crest of the uncontrolled enmergency spillway
(el evation 611.3 feet, NGVD). Releases for flood control are
outlined in detail in Section 7-05. Conservation storage between
el evations 451.0 and 573.0 feet, NGVD is reserved for water
supply and lowflow water quality rel eases. The project design
for water supply allows a continuous maxi nrum wi t hdrawal of 33.9
cfs (21.9 MaD) with a 95 percent dependable yield level. The
overall plan for water control will require anendnents in the
event a hydropower plant is added in the future.

7-04. Standing Operating Instructions to the Dantender. A
sumary of procedures for the dantender during normal and

abnormal operating conditions is found in Exhibit E - "Standing
Qperating Instructions to Damtender”. A mninumregulating

outl et gate opening of 6 inches is required to prevent | ow
pressure problens around gate seals. Simlarly, a mninmlow
flow wi thdrawal gate opening of 4 inch is required to prevent |ow
pressure problens around the gate seals. All gate openings
should follow this m ninmumrequirenent. The water supply system
may draw from one wetwell at a tine, but not both simultaneously.
The | owfl ow system may draw from one wetwel |l or both

si mul taneously. Any conbination of the water supply and | owfl ow
di scharges are permtted within the imts of a maxi numfl ow of
70.0 cfs per wetwell (Source: Design Menorandum No. 11, Feature
Design Menorandum - Cerrillos Dam Qutlet Wrks - Volune No. 1
Report - February 1983, Paragraph 2.4.3, Page 2-3).

7-05. Flood Control. The primary objective of the project is to
prevent flood damages downstream of the Cerrillos Damand in the
muni ci pality of Ponce. Flood control storage of 15,975 acre-feet
bet ween el evations 573.0 and 611.3 feet, NGVD is reserved
exclusively for the tenporary detention storage of fl oodwaters.
Post fl ood evacuation of floodwater stored above el evation 573.0
feet, NGV/D is to be acconplished as soon as possible by rel easing
fl ows that produce non-damagi ng stages in the downstream reaches
of the river.

In the event the flood control storage is exceeded, an additional
12,500 acre-feet of surcharge storage exi sts above the
uncontrol | ed enmergency spillway between el evations 611.3 and
629.4 feet, NGVD.

The objective of flood releases is to provide storage for future
control of subsequent floods. |In order to avoid the risk of a
series of floods whose conbi ned vol une coul d exceed the flood
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control storage capacity, it is desirable to rel ease water and
evacuate the flood control space as quickly as possible,

consi stent with downstream runoff conditions and channel

capacity. The bankfull capacity of the channel from i mredi ately
downstream of the damto the debris basin is 2,500 cfs.

Dependi ng on estimates of |ocal inflow between the dansite and
the debris basin, releases through the regulating outlets will be
limted to a nmaxi mum of 2,500 cfs except for energency conditions
prescribed in the Energency Action Pl an.

Because of the distance fromthe damto Ponce and the anount of
uncontrol | ed drai nage area between Ponce and the dam rel eases
fromthe Cerrillos Damw || sonetinmes be term nated at the

begi nning of a stormto prevent discharges fromcontributing to
uncontrol |l ed fl oodwaters downstream Therefore, rel eases should
be halted whenever flood control storage is available (elevation
I's below 611.3 feet, NGV/D) and it is forecast that stormrunoff
may cause damagi ng fl ows downstream

Qperational criteria for various flood situations are outlined as
fol | ows.

a. Reservoir Elevation below 573.0 feet, NG/D. Wen the
reservoir is below elevation 573.0 feet, NGVD, no flood control
rel eases are required. D scharges could be made for water supply
or environnental purposes through the water supply and | owfl ow
W t hdrawal system Cccasionally, releases may be nade through
the outlet works to flush the downstream channel s to enhance the
water quality in the city of Ponce.

b. Reservoir Elevation between 573.0 and 611.3 feet, NGVD.
Fl ood control releases will normally occur when the pool level is
above el evation 573.0 feet, NGVD. Post flood evacuation of
fl oodwat er stored above el evation 573.0 feet, NG/D is to be
acconpl i shed as soon as possible by releasing flows that produce
non- danmagi ng stages in the downstream reaches of the river

c. Reservoir Elevation between Spillway Crest 611.3 and
629.4 feet, NG/D. Wienever the reservoir elevation is between
611.3 (spillway crest) and 613.2 feet, NGVD the uncontrolled
spillway will release floodwaters equal to or less than 2,500 cfs
(see Enmergency Spillway Discharge Rating Curve, Plate A-3).

Under these conditions the outlet works may be utilized to
augnent spillway flows to evacuate fl ood control space as |ong as
t he conbined rel eases will produce non-damagi ng stages in the
downstream reaches of the river

When the reservoir elevation begins to exceed 613.2 feet, NGVD
the outlet works gates shall be closed. The outlet works gates
shall remain closed until releases to evacuate the flood contro
space can be made wi th non-damagi ng stages in the downstream
reaches of the river.
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d. Reservoir Elevation Above 629.4 feet, NG/D. If the
reservoir level is expected to exceed elevation 629.4 feet, the
outlet works will be fully opened to pass maxi num di schar ge
regardl ess of downstream fl ow conditions. The gates shall remain
conpl etely open until the reservoir has receded bel ow el evati on
611.3 feet, NGVD, at which point the regulating outlet shall be
operated according to criteria in paragraph 7-05.b., Reservoir
El evati on between 573.0 and 611.3 feet, NGVD. See the Operations
and Mai nt enance Manual for operating equipnment [imtations
concerning gate hydraulic pressure system and speci al
I nstructions.

e. Reqgulation Assistance. In the event that unusual
conditions arise during duty hours, contact can be made by
tel ephone to the Water Managenent and Met eorol ogy Secti on,
Jacksonville District Ofice (AC (904) 232-2142 or 232-2914).
During non-duty hours, regulation assistance can be achi eved by

contacting the persons listed at the front of this manual. |If
contact is not possible, the required release fromthe reservoir
will be nade by the dantender in accordance with the fl ood

control operations described above, or if conditions warrant, the
"Cerrillos Dam and Reservoir - Enmergency Action Plan" published
under separate cover. |In accordance with the general procedures
for conputing the energency drawdown as presented in ER 1110-2-50
dated 22 August 1975, the regulating outlet works would require a
drawdown period of 9 days which is well within the limting
period of 4 nonths.

7-06. Water Supply. Fifty-three percent of the storage capacity
behi nd the dam has been all ocated for water supply. The project
design for water supply allows a continuous maxi mum w t hdrawal of
33.9 cfs (21.9 MaD) with a 95 percent dependable yield |evel.
Water supply rel eases are nmade fromthe dual wetwell, nmultilevel

| ow-fl ow wi t hdrawal system The system consists of four

sel ective intake gates as shown on Plate 2-4. The water supply
system may draw fromone wetwell at a tinme, but not both

si mul taneously. During a critical dry period, the conservation
pool may becone conpl etely depleted of water storage. In sone
situations it may be possible to allocate water in the sedi nent
storage space for water supply. Releases nmade for environnental
pur poses downstreamw || be subtracted from Ponce’s water supply
al l ocation. Drought operations are described in detail in the

Dr ought Contingency Plan included as Exhibit B.

7-07. Water Quality.

a. Reservoir. The annual tenperature pattern in the
reservoir is expected to vary between noderately to weakly
stratified. Tenperature stratification in the reservoir wll be
t he dom nant factor controlling water quality at the project.

The reservoir is expected to exhibit only rare periods of
conpl ete vertical mxing throughout the water colum because of

7-4



Its noderate surface area and great depth. Since nost of the

i ntake |l evels are |ocated near the m d-depth and bottom dept h,

t he upper portion of the reservoir will have a tendency to becone
i sol ated and develop nmultiple thernoclines. These |ayers wll
probably have a high organic content contributed by the inflow
from August and Septenber rains. Wth high nutrients and
sufficient |ight, photosynthesis by algae will probably cause

al gal bl oons and drastic dissolved oxygen fluctuations. It is
possi bl e that the outflow fromthe reservoir wll beconme anoxic,
especially from May through August. Since the flow in the upper
portion of the Cerrillos pool will tend to be isolated, the
actual retention tine could be greater than the estinated average
of 210 days. At high tenperatures, the oxygen consunption rate
will also be high. Depletion of oxygen in the shaded portion of
the epilimion will cause these |ayers to becone chemcally
distinct. They could even exhibit a tendency toward becom ng
anoxi c. The oxygen consunption rate in the | ower zone of the
reservoir (hypolimion) will also be high because of the warm
wat er tenperature and the oxygen demands from both the organic
material in the water columm and the sedinent. Better water
quality conditions in the hypolimion wll probably occur from
Novenber through February. Transitional water quality would
occur in March/ April and Septenber/ Cctober. However, a Thernal
Stratification Study determ ned that bl ending of water through
the lowflow w thdrawal systemis not required. Cccasionally,
rel eases nay be made through the outlet works to flush the
downstream channel s to enhance the water quality in the city of
Ponce.

b. Downstream There is no water quality storage in the
reservoir. However the capability to provide small rel eases for
fl ushi ng downstream channel s was considered in the design to
enhance downstream water quality. The Environnental |npact
Statenent (EI'S) recommended a flow of 5 cfs fromthe reservoir to
el i m nate stagnant pools, nosquito |arvae, and the resultant
heal th hazard downstream of the dam The EIS recommended flowis
nmeet by reservoir seepage neasured in the toe drain system which
has exceeded 5 cfs during the initial filling process.

Downstream water quality rel eases fromregulating outlets as well
as the lowflow selective withdrawal outlets, nade for
envi ronnment al purposes, will be subtracted from PRASA' s wat er

supply vyield.

c. Disease Control. Mosquito-borne diseases should not be
a problemin a reservoir stocked with fish. Normal flood contro
operation, resulting in major pool fluctuations will affect

nosquito breeding. However, as flood waters are stored above the
clearing line for periods in excess of 2 weeks, an increase in
mal ari a- nosqui to production may be expected. At such tines,
extensive |arviciding of inundated wooded areas adjacent to
popul at ed areas shoul d be conducted by the Puerto R co Departnent
of Health. The drawdown to the normal pool elevation follow ng
flood events will tend to | essen the nosquito-breeding potential.
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During periods when the nosquito population is abnormally |arge,
cyclical fluctuation of the reservoir nay be considered to
decrease nosquito breeding. This would involve a | ake
fluctuation of about 1 foot on a weekly or 10-day interval,
provided that inflow conditions permt. The drawdown required
woul d have to be fairly rapid, thus stranding the nosquito | arvae
with restoration of the |evel occurring gradually, which exposes
the |l arvae to predation. The Puerto Rico Departnent of Health
has found no evidence of Schistosoma mansoni in the Ponce
wat er shed and no cases of Schistosom asis that originated in the
wat ershed. The foll ow ng recommendati ons have been nade for the
control of Schistoson asis:

1. The Departnent of Health of Puerto Rico should initiate
a surveillance program and continue to nonitor the shore and side
sl opes of the reservoir, including the surrounding water and | and
areas for possible infestation.

2. The Departnent of Natural and Environnental Resources
shoul d mai ntain clean shorelines, devoid of vegetation bel ow the
waterline, to the maxi mum extent possible, and assure periodic
fluctuations of the water |evel.

3. Upon the first indication of the B. glabrata snail, the
| ake shoul d i nmedi ately be stocked with Marisa cornuarieti es.
This predator eats the eggs, |arvae, and adults of the vector
snail. It is very inexpensive and should be applied in
quantities recomended by the Departnent of Health. Schistosona
control nethods described above will adversely affect sport
fisheries. The use of this nmethod should be reevaluated after
the | ake becones operational if the | ake is not used for
recreational sw nmm ng.

7-08. Recreation. If Schistosom asis can be controlled
adequately to permt public use of the water, recreational
swi nm ng, boating, and fishing will be sone of the recreational
opportunities in the reservoir. |In addition, a 2000 neter |ong

rowi ng course has been built by the Commonwealth in the
Reservoir. This course is used by rowi ng clubs, the public, and
for international rowi ng conpetitions. However, no specific
operations for recreation are included in the operating plan for
the reservoir.

7-09. Fish and Wldlife. The reservoir could produce
significant sport and subsistence fishery benefits, although
several factors will limt their productivity and use. Because
of the reservoirs steep slopes, the eutrophic zone will be a
narrow band around the | akes margi ns and the oxygenat ed
epilimion may be shallow. The |ake | evels are expected to
fluctuate rapidly over a wide range; therefore, the nore conmonly
known speci es of noxious aquatic vegetation should not devel op
into a major problem The effects on harvestable wildlife from

I nundation of the project lands will be insignificant since
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rabbits, rodents, etc., are the major aninmal species of wildlife
in the project area. Since the Portugues and Bucana Ri vers and
their tributaries do not support gane fish and food fish
popul ati ons, the reservoir will have to be stocked. No specific
reservoir operations are included for the support and enhancenent
of fish and wildlife.

7-10. Hydropower. Hydropower is not an authorized project

pur pose. However, a report titled "Cerrillos Dam Hydr opower
Study at Ponce, Puerto Rico, Reconnai ssance Level Study", was
conpleted in May 1980. The report indicated that a small

hydroel ectric unit of about 500 kilowatts is feasible. The unit
woul d be located in the water supply conduit sonmewhere downstream
of the dam The contenplated unit would be renotely operated on
the water supply discharge and be conpatible with the water
supply function. The unit would be housed in a snall powerhouse
at the foot of the dam The devel opnent of hydropower fromthe
Cerrillos Reservoir is the responsibility of the Commonweal t h of
Puerto Rico and they have el ected to defer the construction of

t he hydropower facilities until a later tinme. The overall plan
for water control will require amendnents in the event a

hydr opower plant is added in the future.

7-11. Deviation From Normal Regul ation. The Jacksonville
District Engineer is occasionally requested to approve deviations
fromthe normal regulation of the reservoir. Except as discussed
bel ow any deviation fromthe normal flood control procedures mnust
be approved in advance. Deviation requests from DNER shall be
submtted to the Jacksonville District Engineer. The deviation
request wll then be forwarded for approval to the South Atlantic
Division. Deviation requests usually fall into the foll ow ng
categori es:

a. Energencies. Sone deviations that can arise from
energency conditions include drowning and ot her acci dents,
equi pment or livestock in downstream channels, failure of
critical operation facilities, and flushing of unexpected
pol lutants. Necessary action under energency conditions is taken
I medi ately unl ess such action would create equal or worse
conditions. The Jacksonville District Ofice (SAJ) shall be
i nformed as soon as practicable. A witten conformati on show ng
the deviation and conditions will be furnished to SAJ after the
incident. SAJ will report these deviations to the South Atlantic
Division Ofice (SAD).

b. Unplanned M nor Deviations. There are unpl anned
i nstances that create a tenporary need for mnor deviation from
normal regulation of the reservoir, although they are not
consi dered energencies. Construction accounts for the major
portion of the incidents. Change in releases are sonetines
necessary for maintenance and i nspection. Requests for changes
of release rates are generally for a few hours or a few days.
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Each request is analyzed on its own nerits. Consideration is
given to upstream wat ershed conditions, potential flood threat,
conditions of |akes, and possible alternative neasures. 1In the
i nterest of maintaining good public relations, the requests are
conplied with, providing there are no adverse effects on the
overall regulation of the project for the authorized purposes.
Approval for these mnor deviations will nornally be obtained
fromthe Chief, Water Managenent and Meteorol ogy Section (or his
desi gnee), Jacksonville District, by telephone, who in turn wll
seek approval from SAD. A witten confirmati on show ng the
deviation will be furnished to SAD by SAJ after the deviation is
conpl et e.

c. Planned Deviations. Each deviation request will be
anal yzed on its own nerits. Sufficient data on flood potential,
wat er shed conditions, reservoir, possible alternative neasures,
benefits to be expected, and probable effects on other authorized
and useful purposes will be presented by letter, tel ephone, or
facsimle to the Chief, Water Managenent and Met eorol ogy Secti on,
Jacksonville District, along with recormendati ons for review and
approval. Approval will be obtained from SAD.
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VIl - EFFECT OF WATER CONTROL PLAN

8-01. GCeneral. The total project plan of inprovenent consists
of two multipurpose reservoirs wth downstream channel

i mprovenents on both rivers and a diversion channel fromthe
Portugues River to the Bucana River. This total project plan
will provide essentially standard project flood protection, a
dependabl e surface water supply for Ponce and surroundi ng area,
fish and wildlife enhancement, and recreation facilities for ful
public use of the reservoirs. In addition, the project
reservoirs will be operated to assist in hel ping inprove
downstream sanitary conditions by periodic rel ease of inpounded
water to provide flow in the Portugues and Bucana downstream
river beds. Such flows will curtail nosquito breeding in
stagnant pools during the dry season.

8-02. Flood Control. The primary objective of the project is to
prevent flood damages downstream of the Cerrillos Damand in the
muni ci pality of Ponce. Flood control storage of 15,975 acre-feet
bet ween el evations 573.0 and 611.3 feet, NGVD is reserved
exclusively for the tenporary detention storage of fl oodwaters.
Post fl ood evacuation of floodwater stored above el evation 573.0
feet, NGV/D is to be acconplished as soon as possible by rel easing
fl ows that produce non-damagi ng stages in the downstream reaches
of the river.

In the event the flood control storage is exceeded, an additional
12,500 acre-feet of surcharge storage exi sts above the
uncontrol | ed enmergency spillway between el evations 611.3 and
629.4 feet, NGVD.

The objective of flood releases is to provide storage for future
control of subsequent floods. |In order to avoid the risk of a
series of floods whose conbined vol une coul d exceed the fl ood
control storage capacity, it is desirable to rel ease water and
evacuate the flood control space as quickly as possible,

consi stent with downstream runoff conditions and channel

capacity. The bankfull capacity of the channel fromimredi ately
downstream of the damto the debris basin is 2,500 cfs.

Dependi ng on estimates of | ocal inflow between the dansite and
the debris basin, releases through the regulating outlets will be
limted to a maxi num of 2,500 cfs except for energency conditions
prescribed in the Emergency Action Plan.

Because of the distance fromthe damto Ponce and the anount of
uncontrol | ed drai nage area between Ponce and the dam rel eases
fromthe Cerrillos Damw || sonetinmes be term nated at the

begi nning of a stormto prevent discharges fromcontributing to
uncontrol | ed fl oodwat ers downstream Therefore, rel eases should
be hal ted whenever flood control storage is available (elevation
is below 611.3 feet, NGV/D) and it is forecast that stormrunoff
may cause damagi ng fl ows downstream
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a. Spillway Design Flood (SDF). Spillway design data is
found on Table 8-1. The Spillway Design Flood (SDF) hydrograph
for flows into the full flood control pool as shown in Table 8-2
was used in conjunction with the stage-storage curve shown on
Plate A-4 and the energency spillway discharge rating curve shown
on Plate A-3, in routings for determ ning the maxi mumreservoir
| evel and di scharge. The SDF was routed using the follow ng
assunptions: (1) reservoir |level at the beginning of the flood
woul d be at the top of a full flood control pool, elevation at
611.3 feet, NGVD (energency spillway crest elevation); (2) outlet
wor ks woul d be inoperative during the flood; and (3) that the
spi |l way woul d consi st of a 394-foot w de uncontroll ed energency
spillway with a crest elevation of 611.3 feet, NGVD. The routed
maxi mum reservoir level is at elevation 629.4 feet, NG/D. This
el evation plus 5.3 ft of freeboard for wave runup requires a top-
of -dam el evation at 634.7 feet, NG/D. The results of the
routings are included in Table 8-2. A summary of water surface
profiles for the energency spillway for SDF conditions is shown
I n Tabl e 8-3.

Table 8-1

Energency Spillway Pertinent Data

El evation
(feet, NGVD)
O -] R e 611. 3
SDF water surface in reservoir -------------- 629. 4
SDF water surface at crest ------------------ 621.6
Chute dinmension (ft.)
Wdth --------im i 394
Length - ---mmmm i e 338
Chute side slopes --------------------------- 1 on1l
Chute floor slope (percent) ----------------- 2
Coefficient of roughness (Manning’s n) ------ 0. 030
Design discharge SDF (cfs) ------------------ 75, 280
Desi gn di scharge SPF (cfs) ------------------ 15, 190

Source: Design Menorandum No. 17, Feature Design Menorandum -
Cerrillos Damand Spillway - Volume 1 Report - June 1983, Table
7, Page T-8

b. Standard Project Flood (SPF). Table 8-2 shows the
St andard Project Flood (SPF) hydrographs for flows into a full
conservation pool and natural flows at the dansite (flows that
woul d have occurred without the dam. These relate to conditions
before and after construction of the damis conplete. The SPF
hydrograph for flows into the full conservation pool was used in
conjunction with the stage-storage curve shown on Plate A-4, and
t he energency spillway di scharge rating curve shown on Plate A-3,
in routings for determ ning the peak SPF reservoir |evel and
di scharge. The SPF was routed using the foll ow ng assunptions:
(1) reservoir level at the beginning of the flood would be at the
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top of the conservation pool, elevation 573.0 feet, NGVD;, (2)
outl et works woul d be inoperative during the flood; and (3) that
the spillway would consist of a 394-foot w de uncontrolled
energency spillway with a crest elevation of 611.3 feet, NGVD.
The SPF routed maxi numreservoir level is at elevation 617.6
feet, NG/D. It is noted that the SPF design discharge for the
spillway is 15,190 cfs so that this flow, conmbined with | ocal

i nfl ows downstream would not exceed the SPF capacity of the
Ponce channels (21,739 cfs). A summary of water surface profiles
for the enmergency spillway for SPF conditions is shown in Table
8-4.

The frequency of use of the spillway is estimated to have a 0. 48
percent chance of exceedence in any year or about a 200-year
return period. (Source: Design Menorandum No. 17, Feature
Desi gn Menorandum - Cerrillos Dam and Spillway - Vol une 1 Report
- June 1983, Paragraph 4.5.3, Page 4-4)

c. Oher Floods. The regulating outlet works would
di scharge up to the downstream bankfull capacity of 2,500 cfs
during flood events which would raise the reservoir |evel above
the top of the conservation pool elevation of 573.0 feet, NGVD.
During the Probable Maxi num Fl ood (PMF), which in this case is
the sane as the Spillway Design Flood (SDF), the event begins
with a full flood control pool (elevation 611.3 feet, NGVD) and
the reservoir level rises while discharges are nmade through the
energency spillway. A peak reservoir |level at elevation 629.4
feet, NGVD, woul d be reached before the pool would begin to
recede. A period of about 25 hours would be required for the
pool to fall fromelevation 629.4 ft. to the spillway crest
el evation of 611.3 feet, NGVD and the regul ating outlet,
di scharging at 2,500 cfs with an inflow of 36 cfs (average infl ow
for period of record), would require 80 hours to draw the pool
down fromthe crest to the top of the conservation pool.
Respective tinme franmes for the SPF would be 13 hours for |owering
the reservoir level fromthe peak pool elevation of 617.6 feet,
NGVD to the crest; as for the PMF, about 80 hours woul d be
required to draw the pool down fromthe crest to the top of the
conservation pool. Except for flood events that would require
di scharges to be made through the enmergency spillway, releases
t hrough the outlet works at Cerrillos Reservoir will be limted
to the downstream bankfull capacity of 2,500 cfs.

Tabl e 8-5 shows the 10, 50, and 100-year flow events into a ful
conservation pool (starting elevation 573.0 feet, NGVD). Natural
flow unit hydrographs at the damsite for various storm
frequencies were cal cul ated and are included in Table 8-6.
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Tabl e 8-2

St andard Project and Spillway Design Flood Hydrographs

St andard Proj ect Fl ood Spi |l |l way Desi gn Fl ood
Ti me Fl ow i nto Full Fl ow i nt o Ful
in Conservati on Nat ural Flow Flood Control Nat ur al Fl ow
1- hour Pool at Dansite Pool at Dansite
Peri ods (cfs) (cfs) (cfs) (cfs)
1 119 0 507 1
2 608 2 3, 305 283
3 2,124 443 9, 189 2, 656
4 3,492 1, 708 13, 983 7,599
5 4, 366 3,035 21, 416 12, 435
6 5, 061 4,024 35, 332 19, 375
7 5, 467 4,789 62, 565 31,613
8 5,784 5, 284 90, 868 55, 540
9 6, 378 5, 649 78, 062 81, 641
10 7,310 6, 196 51, 316 78, 306
11 8, 567 7,027 35, 079 57,913
12 11, 339 8, 200 24, 804 40, 741
13 15, 530 10, 607 18, 859 28, 751
14 20, 484 14, 339 16, 316 21, 294
15 33, 062 19, 047 14, 970 17,524
16 47, 390 29, 924 13, 361 15, 559
17 40, 282 42,810 12, 145 13, 870
18 24, 361 40, 544 11,014 12, 546
19 13, 526 28, 250 9, 701 11, 362
20 9, 010 17, 203 8, 753 10, 090
21 6,774 11, 067 8,123 9, 068
22 4,490 7,783 7,632 8, 340
23 3,376 5, 269 7,185 7,792
24 2,961 3, 826 6, 634 7,314
25 2,182 3, 153 4,920 6, 781
26 803 2,390 1, 802 5, 316
27 183 1, 191 409 2,668
28 37 437 83 981
29 9 138 20 310
30 4 40 9 91
31 1 12 3 26
32 0 3 0 7
33 0 1 0 2
(cfs) 285, 080 284, 391 568, 365 567, 795
(AF) 23, 560 23, 503 46, 972 46, 925

Source: Design Menorandum No. 1, Cerrillos Dam Reservoir and
Bucana Channel Debris Basin Sedi nentation Study and Hydrol ogic
Update - Supplenment No. 1 - June 1980, Table 8, Page 9
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Tabl e 8-3

Energency Spil |l way
VWater Surface Profile Data for SDF Di scharge

D st ance Ener gy Wat er
From Fl oor Gr adi ent Sur face Aver age
Crest El ev. El evation Dept h El evati on Vel ocity
(ft.) (ft., NGVD) (ft., NG/D) (ft.) (ft., NGVD) (f ps)
0.0 611. 3 626. 7 10. 3 621.6 18.1
8.0 611.1 626. 6 9.8 620.9 19.0
18.0 610. 9 626. 4 9.5 620. 4 19.7
38.0 610. 5 626. 2 9.1 619. 6 20. 6
58.0 610. 1 626. 0 8.8 618. 9 21.3
78.0 609. 7 625. 7 8.6 618. 3 21.8
98.0 609. 3 625. 4 8.4 617.8 22.2
118.0 608. 9 625. 2 8.3 617. 2 22. 6
138.0 608. 5 624.9 8.2 616. 7 22.9
158.0 608. 1 624. 6 8.1 616. 2 23.2
178.0 607.7 624. 3 8.0 615.7 23. 4
198.0 607. 3 624.0 7.9 615. 3 23.6
218.0 606. 9 623. 6 7.9 614. 8 23.8
258.0 606. 1 623.0 7.8 613.9 24. 2
298.0 605. 3 622. 3 7.7 613.0 24. 4
338.0 604. 5 621. 6 7.6 612.1 24. 7
Tabl e 8-4
Ener gency Spill way
Water Surface Profile Data for SPF Di scharge
Di st ance Ener gy Wat er
From Fl oor G adi ent Surface Aver age
Cr est El ev. El evati on Dept h El evati on Vel ocity
(ft.) (ft., NGVD) (ft., NGVD) (ft.) (ft., NGVD) (f ps)
0.0 611. 3 616. 7 3.6 614.9 10. 7
8.0 611.1 616. 5 3.3 614. 4 11.7
18.0 610. 9 616. 4 3.1 614.1 12. 2
38.0 610.5 616. 1 3.0 613.5 12.8
58.0 610. 1 615. 7 2.9 613.1 13.1
78.0 609. 7 615. 4 2.9 612. 6 13.3
98.0 609. 3 615.0 2.8 612. 2 13.5
118.0 608. 9 614. 6 2.8 611. 8 13.6
138.0 608. 5 614. 2 2.8 611.4 13.6
338.0 604. 5 610. 3 2.8 607. 3 13. 7

Source: Design Menorandum No. 17, Feature Design Menorandum -
Cerrillos Damand Spillway - Volume 1 Report - June 1983, Table
7, Page T-8 through T-9.
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Tabl e 8-5

Cerrill os Dam
10-, 50- and 100-Year Flow into Full Conservation Pool

Ti me
in 10- Year 50- Year 100- Year
1- hour Fl ood Fl ood Fl ood
Peri ods (cfs) (cfs) (cfs)
1 36 48 58
2 39 48 58
3 42 48 111
4 42 52 430
5 42 52 991
6 42 58 1,278
7 61 265 1,579
8 71 871 2,119
9 74 1, 435 2,480
10 160 1,929 2,924
11 475 2,563 3, 559
12 927 3, 255 4, 351
13 1, 629 4,630 5,577
14 2,871 6, 736 7, 496
15 4,622 8, 825 10, 598
16 13, 130 19, 563 22,759
17 22,223 31, 122 35, 155
18 13, 054 18, 959 22,149
19 5,501 8, 402 11, 062
20 1, 669 3,199 4, 857
21 405 1, 458 2,558
22 137 1, 029 1, 811
23 76 804 1,577
24 45 664 1,510
25 2 454 1, 152
26 0 166 427
27 0 38 97
28 0 8 19
29 0 2 5
30 0 1 2
31 0 0 1
32 0 0 0
(cfs) 67, 375 116, 684 148, 750
or or or
(AF) 5,568 9, 643 12, 293

Source: Design Menorandum No. 1, Cerrillos Dam Reservoir and
Bucana Channel Debris Basin Sedinentation Study and Hydrol ogic
Update - Supplenent No. 1 - June 1980, Table 7, Page 8
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Tabl e 8-6

Cerrillos Dam Inflows - Natural Flood Hydrographs

Ti me
in 2- Year 5- Year 10- Year 50- Year 100- Year St andard
1- hour Fl ood Fl ood Fl ood FI ood Fl ood Project Flood
Peri ods (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 443
4 0 0 0 0 49 1, 708
5 0 0 0 0 330 3,035
6 0 0 0 0 812 4,024
7 0 0 0 1 1,144 4,789
8 0 0 0 173 1, 464 5,284
9 0 0 0 674 1, 943 5, 649
10 0 0 0 1, 216 2,333 6, 196
11 0 0 76 1,729 2,770 7,027
12 0 0 334 2,331 3, 353 8, 200
13 0 0 738 3,008 4,103 10, 607
14 0 0 1, 375 4,230 5,213 14, 339
15 0 55 2,474 6, 102 6, 957 19, 047
16 11 560 4,088 8,176 9, 751 29, 924
17 2,390 5, 975 11, 157 17, 113 19, 946 42,810
18 5, 507 12, 353 19, 101 27,195 30, 906 40, 544
19 3,627 8, 484 14, 378 20, 787 24,123 28, 250
20 1, 457 3,575 7, 658 11, 440 14, 264 17, 203
21 477 363 3, 147 5, 257 7,219 11, 067
22 142 106 1, 064 2,395 3,721 7,783
23 41 31 326 1, 325 2, 259 5, 269
24 12 9 96 889 1,719 3, 826
25 4 0 28 686 1,542 3, 153
26 0 0 5 502 1,228 2,390
27 0 0 1 248 623 1,191
28 0 0 0 91 230 437
29 28 73 138
30 8 21 40
31 2 6 12
32 1 2 3
33 0 0 1
(cfs) 13,668 32,713 66, 046 115, 607 148, 104 284, 391
(AF) 1,130 2,704 5, 458 9, 554 12, 240 23, 500

Source: Design Menorandum No. 17, Feature Design Menorandum -
Cerrillos Dam and Spillway, Volunme 1 Report - June 1983, Table 2,
Page T-3
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8-03. Recreation. Since provision of recreational opportunities
is one of the project purposes, the Corps of Engineers has taken
precautions to preserve recreational areas from overcl earing of
desirabl e vegetative cover. Upon conpletion of initial filling,
the recreational facilities will be devel oped in accordance with
the Cerrillos Lake Master Plan for Recreation. |f Schistosom asis
can be controlled adequately to permt public use of the water,

recreati onal swi mmng, boating, and fishing will be sonme of the
recreati onal opportunities in the reservoir. There are five
recreation sites which will be devel oped around the reservoir.

However, no specific operations for recreation are included in
the operating plan for the reservoir.

8-04. Water Quality.

a. Reservoir. The annual tenperature pattern in the
reservoir is expected to vary between noderately to weakly
stratified. Tenperature stratification in the reservoir wll be
the dom nant factor controlling water quality at the project.
The reservoir is expected to exhibit only rare periods of
conpl ete vertical mxing throughout the water colum because of
its noderate surface area and great depth. Since nost of the
I ntake |l evels are |ocated near the m d-depth and bottom dept h,

t he upper portion of the reservoir will have a tendency to becone
I sol ated and develop nmultiple thernoclines. These |ayers wll
probably have a high organic content contributed by the inflow
from August and Septenber rains. Wth high nutrients and
sufficient |ight, photosynthesis by algae will probably cause

al gal bl oons and drastic dissolved oxygen fluctuations. It is
possi bl e that the outflow fromthe reservoir will beconme anoxic,
especially from May through August. Since the flow in the upper
portion of the Cerrillos pool will tend to be isol ated, the
actual retention tine could be greater than the estimated average
of 210 days. At high tenperatures, the oxygen consunption rate
will also be high. Depletion of oxygen in the shaded portion of
the epilimion will cause these |ayers to becone chemcally
distinct. They could even exhibit a tendency toward becom ng
anoxi c. The oxygen consunption rate in the | ower zone of the
reservoir (hypolimion) will also be high because of the warm

wat er tenperature and the oxygen demands from both the organic
material in the water columm and the sedinent. Better water
quality conditions in the hypolimion will probably occur from
Novenber through February. Transitional water quality woul d
occur in March/ April and Septenber/ Cctober. A Thermnal
Stratification Study determ ned that the selective w thdrawal
system was shown to be effective in neeting rel ease tenperature
obj ectives. However, the only area that would be affected by
tenperatures different than existing flows is a reach of the
Cerrillos R ver extending fromthe damto the debris basin. This
reach i s undevel oped and contains no fisheries, etc., that
require tenperature control for closely matching the tenperature
of existing flows. Therefore it was determ ned that tenperature
control (mxing water) for lowflow releases fromthe reservoir
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are not required. The chem cal and biol ogi cal aspects of water
quality were not considered in this thermal sinulation study.

b. Downstream There is no water quality storage in the
reservoir. However the capability to provide small rel eases for
fl ushi ng downstream channel s was considered in the design to
enhance downstream water quality. The Environnental |npact
Statenent (EI'S) recommended a flow of 5 cfs fromthe reservoir to
el i m nate stagnant pools, nosquito |arvae, and the resultant
heal th hazard downstream of the dam The EIS recommended flowis
nmeet by reservoir seepage neasured in the toe drain system which
has exceeded 5 cfs during the initial filling process.

Downstream water quality rel eases fromregulating outlets as well
as the lowflow selective withdrawal outlets, nade for
envi ronment al purposes, will be subtracted from PRASA' s wat er

supply vyield.

Water quality data collected by the USGS at a station just bel ow
the Cerrillos damsite has shown extrene variations in total and
fecal coliformcounts. For exanple, during a one-year period in
1981, fecal coliforns counts at this station ranged from 120
colifornms per 100 mlliliters to 18,000 coliforns per 100 m .
The nean yearly average at this station for fecal coliforns is
1,486 coliforns per 100 m, which is well above the maxi mum | evel
400 coliforms per 100 ml reconmmended by the 1976 Environnental
Protection Agency criteria for recreational fresh waters. These
data are considered to reflect anbient or existing conditions in
t he wat ershed prior to damconstruction. Land acquisition for
proj ect purposes and relocation of residences, comrercial and

I ndustrial operations and the acconpanying i nfrastructure have
renoved significant percentage of pollution point sources and
should result in positive effects on water quality in the
Cerrillos Reservoir and river

8-05. Fish and Wldlife. Lake Cerrillos is in the subtropical
noi st forest zone of Puerto Rico and the surrounding hillsides
are heavily forested. Mre accessible land in the project area
has been cleared for pasturage and planting. WIldlife is not
abundant, limted to sone small non-native manmals, a few species
of snakes, and a variety of birds. The upper reaches of the
Cerrillos R ver support limted fish populations. Prior to
initial filling about 700 acres at the dam and reservoir site
were cleared of vegetation in accordance with the nethods and
speci fications contained in Design Menorandum 18, Cerrill os
Reservoir, Portuguese and Bucana Project. The clearing and

initial filling will result in no inportant | osses of terrestrial
vegetation and only tenporary and m ni mal disturbance to
wildlife. No critical habitat will be affected. Because of the
reservoir’s steep slopes, the eutrophic zone wll be a narrow

band around the | ake’s margin and the oxygenated epilimion may
be shallow. The expected rapid fluctuation of the | ake |levels
shoul d prevent the devel opnment of noxious aquatic vegetation.
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The main inpact of the initial filling on project area flora and
fauna will be to convert about 700 acres of terrestrial habitat
to aquatic habitat suitable for use and col onization by a variety
of waterfowl and shore birds, as well as fish and other aquatic
species. Since the Cerrillos River and its tributaries support a
limted fishery, the Puerto Rico Department of Agriculture is
considering stocking the ake with a variety of gane fish after
conpletion of the initial filling.

Storage of 700 acre-feet has been allocated to insure water for
aquatic life during drought periods.

8-06. Water Supply. The Cerrillos Reservoir will give the city
of Ponce a dependabl e supply of water. Fifty-three percent of
the storage capacity behind the dam has been all ocated for water
supply. The project design for water supply allows a continuous
maxi mum wi t hdrawal of 33.9 cfs (21.9 M) with a 95 percent

dependabl e yield level. These releases will be made fromthe
dual wetwell, nultilevel, lowflow w thdrawal system Rel eases
made for environnental purposes downstreamw || be subtracted

from Ponce’s water supply allocation

The Cerrillos Reservoir has a conservati on pool |ocated between
el evations 451.0 and 573.0 feet, NGV/D, with a storage of

approxi mately 25,200 acre-feet. During project design ten years
of recorded data provided the statistical characteristics
required by HEC-4, "Monthly Streanflow Sinulation”, to generate
five 100-year routing periods. HEC-4 analyzes nonthly
streanflows to determ ne their statistical characteristics and
generates a sequence of hypothetical streanflows of any desired
| engt h having those characteristics. The average of these five
100-year routing periods was used to determ ne water supply
yield. The water supply yield was determ ned using HEC-5

“Simul ation of Flood Control and Conservation Systens". HEC5
sinmul ates the sequential operation of a reservoir for short

i nterval historical or synthetic floods or for |ong duration non-
fl ood periods or for conbinations of the two. The program was
used to eval uate the operational criteria for both flood control
and conservation (water supply) for the reservoir. For design
pur poses, a 95-percent dependabl e yield was sel ected which
produced 33.9 cfs (21.9 mllion gallons per day (ngd)).

For the seepage anal ysis study the nodel s have been updated using
21 years of recorded data to generate five 100-year routing
periods. Table 8-7 contains the results of new nodel runs using
constant seepage rates of 4 cfs and 7 cfs.
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Table 8-7

Cerrill os Reservoir
Proj ected Water Supply Yield

(cfs/ MD)
Seepage Loss Dependabl e Yield in Percent
(cfs) 99 98 95 90
1 31. 4 32.3 33.9 35.9
(20.3) (20.8) (21.9) (23.2)
4 29.1 29.9 31.7 33.7
(18. 8) (19.3) (20.5) (21.8)
7 26.2 27.2 29.0 31.2
(16.9) (17.6) (18.7) (20.2)

Source: Under Seepage and CQutlet Wrks Leakage Investigation -
Cerrillos Dam- 30 July 1993, Table A-5, Page A-11

8-07. Hydroelectric Power. In May 1980, the Corps of Engineers
studied the potential of installing hydroelectric generators at
the Cerrillos Dam Based on the findings of the study, a single
515 kWgenerating unit |ocated at the damcould utilize the
nearly constant water supply rel eases and devel op about 4, 080, 000
kWh annually. The unit would be |ocated in the water supply
conduit sonewhere downstream of the dam The contenplated unit
woul d be renotely operated on the water supply discharge and be
conpatible with the water supply function. The unit woul d be
housed in a small powerhouse at the foot of the dam It should
be noted that hydropower is not |listed as one of the original

aut hori zed functions of the project. The cost of the devel opnent
of hydropower fromthe Cerrillos Damis the responsibility of the
Commonweal th of Puerto Rico and they have elected to defer the
construction of the hydropower facilities until a later tine.

8-08. Navigation The reservoir may be used for recreational
boati ng. However, no provisions have been nmade for boats to pass
i nto other navigable waterways. There are local laws limting
the use of power boats on | akes. DNER should be the point of
contact concerning the current regulations on power boati ng.

8-09. Frequenci es.

a. Peak Inflow Probability. A peak inflow frequency
curve will not be available until at |east 10 years of actual
operation have passed. In the interim the natural frequency
curve at the Cerrillos Damnultiplied by about 25 percent shoul d
be representative of peak inflow to the project (see Plate 8-1).
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b. Pool Elevation Duration and Frequency. An esti mat ed
Pool Stage Frequency Curve is included as Plate 8-2.

c. Unit Hydrograph. A Synthetic 1-Hour Unit Hydrograph
I's included as Plate 8-3.

d. Key Control Points. The routings performed for the
dam design did not indicate any key control points. However, as
the reservoir is put into operation, downstream gages wll be
nonitored to see if there is any correl ati on between rel eases
made at the dam and probl ens that devel op downstream

8-10. Oher Studies. Seepage collected and neasured in the toe-
drain system has been greater than projected in the design
process. An analysis 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 fornmed to determ ne the cause of the increased seepage
and any associ ated problens that may be caused. The Task Force
determ ned that the increased seepage does not affect the
integrity of the dam nor affect its function or neeting its
project purposes. Although the exact source of the seepage is
not known, it is believed to be com ng through rock fractures in
the left abutnent.
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| X - WATER CONTROL MANAGEMENT

9-01. Responsibilities and O gani zati on.

a. Departnment of Natural and Environnental Resources
(DNER). As the |ocal sponsor of the project, DNER has
responsi bility of operating and maintaining the project works in
accordance with the regul ations prescribed by the Secretary of
the Arny and the approved water control plan. These regul ations
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 regul ations are suppl enented by
approved water control plans and manuals. Day-to-day operations
of the project will be perforned by DNER staff |ocated at the
Cerrillos project.

b. Corps of Engineers. The Corps of Engineers could serve
In an advisory capacity to the DNER on the operation and
regul ati on of the reservoirs and water managenent. All contact
relating to project operations and water control decisions should
be with the Chief, Water Managenent and Met eorol ogy Secti on,
Hydr ol ogy and Hydraulic Branch, Engineering Division. A list of
Cor ps of Engineers key water control personnel are found in Table
9-1. The role of the Corps is to provide and ensure that the
DNER fol |l ows these regul ations and that the project is operated
to nmeet the prescribed project purposes.

c. Oher Federal Agencies. No other federal agency is
directly involved in the nmanagenent of the Cerrill os project.
However, the U.S. Geol ogical Survey (USGS) operates and maintains
gagi ng stations used for hydroneteorol ogi cal nonitoring.

9-02. | nt er agency Coor di nati on.

a. Departnment of Natural and Environnental Resources
(DNER). As owner and operator of the project, DNER has
responsi bility of coordinating with federal, state, and | ocal
gover nnent s.

b. Local Press and Corps Bulletins. The Public Affairs
Ofice within the Jacksonville District is responsible for
rel easing information to the nedia concerning special events of
proj ect operation including energency flood flows, dam break,
etc.

c. National Wather Service. The NWS provides daily
forecasts for the weather in the Cari bbean and specifically
Puerto Rico. The NWS also provides |ong range forecasts for the
basin for weather and precipitation. The neteorol ogical data
collected is published in bulletins such as "Mnthly Seasonal
Weat her Qut | ook™.

9-1



d. U.S. Ceological Survey. The U S. Geol ogical Survey
has constructed and operates and nai ntai ns hydr onet eor ol ogi cal
gaging stations within the P& project area. |In the past, the
Cor ps of Engineers contracted with USGS for the operation and
mai nt enance of each gaging station applicable to the Cerrillos
proj ect .

e. Ohers. Any unusual conditions affecting water
rel eases fromthe damw || be coordinated with the City of Ponce
Civil Defense and other appropriate Conmonweal th Agenci es.

9-03. Interagency Agreenents. Storage space of approxi mately
25,200 acre-feet or 53 percent of the conservation pool has been
included in the project for municipal water supply. A contract
was entered into between the United States of Anerica and the
Commonweal th obligating the total allocated water supply storage
space within the project to the City of Ponce. A water supply
wi t hdrawal system has been provided for the release of this
water. Interagency agreenents are included in Exhibit Cin this
manual .

9-04. Reports. The project owner shall nonitor current
reservoi r and hydromneteorol ogi cal conditions in and adjacent to

t he wat ershed and downstream of the dansite, as necessary. This
and any other pertinent information shall be reported to the
Corps of Engineers on a tinmely basis, in accordance with standing
I nstructions to the dantender or other nmeans requested by the
Corps of Engineers. [In addition, the dantender shall keep
accurate operation | ogs of gate openings and tines, pool

el evations, and rainfall at the dansite.
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Key Personnel

Table 9-1

in Wat er

Managenent

Nane
Kei th Jones

Jim Veari |

Ed M ddl et on

Engi neering D vision

Posi ti on
Water Mgt Sect
Chi ef,

Water Mgt Sect

Chi ef, Eng Division

Phone Nunbers

(W 904-232- 2914
(W 904- 232-2142

(W 904- 232- 2252

Construction-Operati ons Division

Nane
Jose Rosado

Pabl o Vazquez

Pedro Davil a

Nane
Yam |

Castillo

Posi ti on

Resi dent Engi neer

G vi | Engineer

G vi | Engineer

Antilles Ofice

Phone Nunbers

Posi ti on

Supervi sor, Cvil Eng
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(W 809-841-3181
(W 809-841-3182
(W 809-841-3181

Phone Nunbers
(W 787-729-6833




