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PRESENTACION

Los estudios de Operacidn y Seguridad del Sistema e Embalses de Valdes.a
fueron ejecutados conjuntamente por el Instituto Nacionul de Recursos Hidrdu i-
cos (INDRHI) de la Repiblica Dominicana, la Universidad del Estado de Colora.o
(CSU) y el Imnstituto Interamericano de Cooperacidn para ia Agricultufa (IICA,

a través del Contrato IICA/INDRHI/CSU.firmado el 6 de abril de 1984. Los es-

‘tudios se iniciaron el 6 de agosto de 1984 y finalizaron el 31 de agostd de

1986.

Los estudios fueron financiados por el INDRHI a través del préstamo
1655-DO del Banco Mundial.

La ejecucidn de los estudios se desarrolld en seis areas:

a) Estudios Hidroldgicos

b) .Operacidn Normal

c) Operacidn de Emergencia

d) Inspeccién, Mantenimiento y Seguridad de Presas

e) Organizacidén para la Operacidén del Sistema de Embalses
f) Entrenamiento y Transferencia de Tecnologia

En este documento se incluye parte del material té&cnico del Informe Final,

el cual consta de los siguientes volimenes:

-Resumen

-Estudios Hidroldgicos

-Operacidn Normal '

-Estudios de Operacidn de Crecidas

-Estudios de Inspeccidn, Mantenimiento y Seguridad de Presas

-Organizacidn y Funciones para la Operacidén del Sistema de Embalses
de Valdesia.






~Transferencia de Tecrologia v Capacitacion.

-Plan de Operacidn de Emergencia para el Sistems de Embalses de
Vildesia.

-Plan de Operacidn Normal para el Sistema de Embalses de Valdesiao:
(i) Riego v Energia, (1) Controi de Crecidas.

-Munuales de Operacidon de Modelos Computarizados para la Operacidn
‘Normal del Sistema de Embalses. :

-Minual de Usuario de Modelos de Sistemas Hidroldgicos.

Santo Domingo, Repiblica Dominicana
31 de agosto de 1986

DR. JOSE D. SALAS DR. AGUSTIN A. MILLAR

Coordinador por CSU Coordinador General
Estudios Embalse Valdesia
(1I1CA)

ING. JULIO M. LLINAS
Coordinador por INDRHI
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VOLUME III. FLOOD OPERATION STUDIES
3.1 INTRODUCTION

The Valdesia :eservoir system, located on the Nizao River in the
Dominican Republic, was designed to provide irrigation water to the
Nizao project areas and hydroelectéz;'égzzgy to the national electrical
network system. The reservoir system consists of a main reservoir, dam
and spillway, a power plant and outflow regulating works, together with
an afterbay, a diversion and spillway sy;tem a short distance
downstream.

Thg study on the ;perational management of the Valdesia system
reported in a series of volumes including this one, involved several
interrelated areas. This volume reports in detail the work involved in
the development of operating rules for Valdesia system under flood
emergency conditions. Nizao basin experiences floods due to <two
distinet types of storms: (a) small storms due to local weather
phenomena or weak tropical storms which result in relatively small
floods; and (b) large scale tropical cyclones in general, or hurricanes
in particular, which result in large floods. Clearly the emergenc:
conditions which may arise due to these two types of floods require
different operating procedures. Specifically, the hurricane related

floods require the forecasts of tracks and precipitation of hurricanes
so that necessary steps may be taken in advance to eliminate or minimize
catastrophic damages.

3.2 METHODS OF INVESTIGATION

The work required in the development of flood operating rules may

be listed under four topics:
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1. Development of the flood routing model for Valdesia system

2. Flood routing studies

3. Development of emergency operating rules

4. Hurricane forecasting

For studies of flood routing éﬁ;;;ég_Valdesia-Las Barias svstem, a
computer model to simulate the hydraulic characteristics of spillways
and various outflow regulating works of the Valdesia-Las Barias system
is developed. Three modes of operation for floo& routing is included in
the model: (a) operation by induced surcharge method; (b) existing
operating procedure; and (c) hurricane operation in which all gates are
left fglly opened from the beginning of the flood. The model can be
used in real-time for developing gate regulation schedules during
floods.

The flood routing model is used to investigate the capacity of the
outlet works to allow safe passage of hypothetical floods without
overtopping the dam or if this is not the case to what extent these
outlets can be wused to prevent overtopping. The reconstructed
hydrograph of hurricane DAVID is also used in routing studies. The
influence of upstream reservoirs in controlling the design floods is
also investigated. The routing of design flood hydrographs due to both
hurricane and non-hurricane conditions are 1nvestigated. The results of
these routing studies become the primary base for developing operating
rules for hurricane and non-hurricane emergency conditions.

The possibility of forecasting track and precipitation from
hurricanes 1is investigated. A review of existing models for track
forecasting permitted the selection of CLIPER regression model for

forecasting tracks of tropical cyclones up to 72-hours lead time. These



TT 3N JEE NN IIN TN WY P I TR O EE TR TR B W Y 6 8 .



ITI-3

track forecasts are extremely useful for opefnting the system under
hurricane emergency conditions. Unfortunately, a review of a state of
the art of precipitation reveals that portable models for precipitation
forecasting of hurricanes, which can be readily installed in the
Dominican Republic are not availabl;?—.kh‘;bproximate procedure based on
past precipitation patterns of Hurricane David 1is emploved for
predictingvprecipitation potential of a hurricane.
3.3 SUMMARY OF CONCLUSIONS

The following 1is a summary of conclusions based on the flood
routing studies reported 16 this section.

1. A computerized reservoir operation model can be a useful and
effective tool 1in real time emergency operation. A workable
model has been developed based on the best available data and
technology. The model can be and should be refined at a later
stage as more data and better operating experience are gained.

2. The temporary flood control storage above the normal pool
level of 145 m is small, being of the order of 40 million m3.
Advance drawdown of the reservoir to levels below 145.0 m is
time consuming because of capacity comnstraints in the outlet
works and hence is unlikely to be practical.

3. VWithin the practical limits of operation, the safe peak flood
inflow 1is of the order of 11,000 m3/sec corresponding to an
initial reservoir 1level of 145.0 m 1in Valdesia (based on
simulated hydrograph of Hurricane David).

4. For small floods, the induced surcharge method is more
effective in suppressing the peak relcase, particuluarly if the

initial reservoir level is low. For large floods, the induced
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surcharge method can result in higher peak outflows and
reservoir elevations than the other modes of operation and is
therefore not recommended.

For medium floods to 1large floods, the induced surcharge
method and the outflow equals inflow method will give very
similar results. Both methods can be used but the latter is
computationally simpler.

Where a clear-cut choice of mode of operation is not possible,
a real time simulation wusing the two different modes of
operation should be carried out and the final decision should
be based on the apalysis of the resulting outflow and stage
hydrographs.

For large floods (hurricane. flood), the hurricane mode of
operation (Mode 2) is advantageous. However, caution must be
exercised to control the initial outflow surge as the gates
are suddenly opened to the full, particularly when the initial
reservoir 1level 1is high. After the peak of the inflow
hydrograph has passed, it is also advisable to revert back to
Mode 0 or 1 so that the reservoir storage is not unnecessarily
depleted.

The spillways at Valdesia do not have sufficient capacity to
pass the SPF (AMC II and III conditions) and the PMF (all AMC
conditions). If an upstream reservoir 1is constructed at
Jiguey with some flood control allocation (about 56 million m
flood storage), the peaks of SPF for all antecedent moisture
conditions can be effectively controlled. The proposcd Jipgucy

Reservoir, however, will not be able to provide sufficient
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control on ‘the PMF. The safety of the dam under PMF inflow
should be investigated urgently as a separate study.

-9. The "official" track forecasts produced by the National
Hurricane Center in Miami give best forecasts and they should
be obtained whenever possible. However, the much simpler
CLIPER model produce forecasts in the region below 24.5°
latitude, which are as nearly accurate as forecasts computed
by the other available models.

10. The models for forecasting precipitation from severe storms
such as those due to hurricenes are still being developed.
The current procedures used in U.S. combine the subjective
methods based on forecasters’ past experience with some .
objective analyses and therefore they cannot be readily
transported to the Dominican Republic. This is an area which
requires much attention in the future since the precipitation
potentiai of a hurricane determines the nature of flood
potential to a very large extent.

3.4 ORGANIZATION OF THE VOLUME

The work involved in the development of operating procedures for
flood conditions is reported in four sections. The development of flood
routing model for Valdesia - Las Barias system for the three modes of
operation 1is discussed in Section 3.5. The routing of hypothetical
floods and the reconstructed hydrographs of Hurricane David is presented
in Section 3.6. The development of the operating rules for both
hurricane and non-hurricane conditions is discussed in Section 3.7. The
track forecasting of hurricanes and the state-of-the-art review of

hurricane precipitation forecasting is included in Section 3.8.
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3.5 FLOOD ROUTING MODEL

3.5.1 General Considerations

Flood reservoir operation refers to the opeﬁation of a reservoir
system during short-term events such as floods where the primary concern
is safety of the dam and downstream flood damages. The damage to and
failure of gates in Valdesia Dam during Hurricane David (August 30,
1979) served to illustrate the importance of sound and proven emergency
operation rules. The primary purpose of this section is to develop such
rules or guidelines based on dam safety requirements. Downstream flood
damage consideration is not incorporated at this stage since there is
little quantitative data to permit any meaningful analysis.

An 1ideal real time flood operation model is one which accepts
forecasts of flood inflows, simulac;s likely consequences under
different assumptions of operation, and identifies the best course of
action which meets operatién objectives and system constraints. It is
not a substitute for good judgement by the operator, but rather it is a
tool to assist him in better decision making. Within reasonablé limits,
established rules, proven pa;t experience and at times, operators’.
preference can be incorporated into a mathematical model to form what is
known as a computerized decision supporting system. Given the fact that
advanced time for decision making during emergency operation is
generally short, which 1is particularly true in the case of a steep
gradient river like Rio Nizao, the advantage of a computerized operation
model is readily apparent.

The routing of flood inflows through a reservoir is a relatively

straight forward exercise once the physical and  hydraulic
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characteristics of the reserﬁoir systems are given. A significant part
of the effort in developing the emergency operation model is therefore
in collating the necessary data such as ;qservoir stage storage curves,
stage discharge relationships of spillways, gates, sluices and

hydropower plants from various sources. Due to the scarcity of data,

the hydraulic characteristics of most outlet structures have to be

"derived using empirical equations and charts developed in the United

States and published in the desién manuals of the Bureau of Reclamation
and the Army Corps of Engineers. In many cases, the quality of
available data 1leaves much to be des}red. but every effort has been
exercised to make the best uses of the limited information to arrive at
a .workable model for simulating the response of the existing system.
There is room for refinement of the model findings as more accurate data
and better operations experience become available in the future.

3.5.2 Reservoir Characteristics

The Valdesia. - Las Barias System is made up of two reservoirs
namely the Valdesia Storage Reservoir and the Las Barias Regulative
Storage Reservoir. Valdesia Dam is a 76 m high concrete buttress dam
built’ on the Nizao River. It commands a total storage of 153.008
million m3 at the normal full pool level of 150.0 m. The crest level of
the dam is at 156.0 m and maximum flood surcharge level has been set at
154.0 m. The stage-storage curve for Valdesia Reservoir has been
developed using the latest aerial survey of the reservoir basin carried
out in May, 1981. The result is as given in Figure 3.5.1.

The Las Barias Dam 1is located about 5 km downstream of Valdesia
Dam. It is a concrete gravity dam with a height of 22.6 m. It has a

rather small storage (3.0 x 106m3 at the normal full pool level of 77.0
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Figure 3.5.1. Stage-storage curve for Valdesia Reservoir.
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m) since its primary purpose is to regulate the releases of Valdesia Dam
and to develop the head required for flow through the irrigation
diversion structure. The stage storage relationship is as given in
Figure 3.5.2.

For both the reservoirs, the stage-storage relationships are
‘coarsely defined. In the case of Valdesia, it is given at 5 m intervals
which is certainly téo crude for accurate flood routing studies. Linear
interpolation 1is wused to determine storages at other intermediate
levels. A more accurate survey of the reservoir basin above 150 m, say
at 1 m intervals would be useful for more refined flood routing
investigations. . .

3.5.3 Hydraulic Characteristics of Outlets

Both the Valdesia and Las Barias d;ms are equiﬁed with multi-gated
spillways. The releases from the reservoirs are therefore dependent on
how the gates are operated and the hydraulic characteristics of the
gates. The hydraulics of release however falls into two types:

(1) Controlled release which refers to the flow regime when the

regulation by gates is in effect.

(1i) Uncontrolled release when all the gates are fully opened and

the spillway is behaving like the free overflow type.

Under most circumstances, the operator will control the release by
judicious operation of the gates to achieve the best compromise between
conservation requirements, downstream flood damage and reservoir safety.
The gates offer much greater flexibilicy in operation, but demand

‘greater expertise on the part of the operator. The hydraulics of gate

release is also more complex.
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Uncontrolled release will be discussed first since it is a lot
simpler as far as the hydraulics of flows is concerned. The equation
for a free overflow spillway as given in Design of Small Dams (Bureau of
Reclamation, 1976) is
i 1.5 =~ —

Q = cqcocs(w - 0.2 H))H_
where Cq = coefficient of discharge
Co = correction for coefficient of dicharge for other than design
head
C_ = corrections for tailwater submergence

W = width of spillway

H = head of spillway measured from the crest level

The values of Cq' Co’ w, He are directly dependent on the geometric
dimensions of the spillways. The values of Cq' W for Valdesia and Las

Barias are given below:

Parameter Valdesia Las Barias
Cc 2.16 1.91
q-
W 120.0 118.0

The values of C° can be read off directly from Figure 250 of the
above mentioned reference. Alternately, it can be computed from the
following polynomial regression equation:

G, = 0.782896 + 0.40209 Hr - 0.3473 He2 + 0.2210 Hr> - 0.05941 He®
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He
where Hr = ﬁ‘
o

Ho is the designed head which has a value of 9.0 in the case of
Valde;ia and 10.5 m in the case of Las Barias. There is no tailwater
submergence effect at Valdesia and hence, Cs acquires a value of 1.00.
In the case of Las Barias, the tailwater effect is significant and has
" to be treated separately.

Using -the -equations just described, it is possible to develop a
stage discharge relationship for uncontrolled release over the Valdesia
spillway. The result is as given in Figure 3.5.3. It can be seen that
at the maximum flood surcharge 1level" of 154 m, the spillway has a
maximum capacity of about 6890'm3/sec.

The stage-discharge relationship for Las Barias spillway foé
uncontrolled release 1is slightly more coﬁplex because of the tailwater
submergence effect. The tailwater levels at Las Barias spillway for a
range of spillway outflows were first computed using the standard HEC-2
program. The analysis was carried out starting at about 10 km
downstream of Las Barias Dam using river cross section data from 1 :
10,00q aerial photomosaic maps with 2 m contour overlay. The results of
analysis are given in Figure 3.5.4. Once the tailwater level for a
particular discharge 1is known, the submergence coefficient can be read
off from Figure 3.5.5 which is a direct reproduction of Figure 254 in
Design of Small Dams. The determination of stage discharge relationship
for Las Barias spillway, however, requires an iterative approach because
of the submergence correction factor. Starting with an assumed
submergence correction Cs' the outflow, Q is computed. An improved
estimate, Cs is then obtained and the procedure repeated wuntil

convergence. The procedure can be easily implemented on a computer and
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Figure 3.5.5. Submergence coefficient (adopted from Fig. 254 'Design of
Small Dams', USBR, 1976).
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the results are as given in Figure 3.5.6. It can be seen that at the
maximum flood surcharge 1level of 79.5 m Ehe Las Barias spillway has a
maximum outflow capacity of 7350 m3/sec.

The next step was to develop elevation-discharge curves for
different openings of the gates _g;.<;;illway. The original curves
provided had probably been computed by using a coefficient of discharge
given by Figure 256 of the Design of Small Dams manual (p. 386). This
curve, however, does - not provide the coefficienCS below 0.645 and
therefore its application to the entire range of gate openings and water
surface elevations is q&estionable. A better technique given by U.S.
Army C;rps of Engineers (Hydraulic Design Criteria, charts 311-1 and
311-2) which 1is applicable specifically to tainter gates on spillway
.cfests was used to obtain the elevation-discharge relationships for

different gate openings.

In this method, the discharge is given by

Q(m3/s) =C,xG xBx J2gH
where G° = net gate opening

C. = coefficient of discharge

v
B = gate width
H = head to center of gaté openings

The net gate opening G° is given by

G 2

-/ 2
o (X - X+ (Y - Y0

where XL’ YL' Xes and YC are defined in the following sketch.
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GATE OPENINGS AND ANGLE 3

DEFINITIONS (CONT)

Q@ 1S THE ANGLE BETWEEN A LINE CONNECTING THE
GATE LIP AND THE TRUNNION CENTER, AND A
HORIZONTAL LINE THROUGH THE TRUNNION, CON-
SIDERED POSITIVE AND NEGATIVE WHEN THE GATE
Il.‘;PE.S ABOVE AND BELOW THE TRUNNION RESPEC-

: VELY.

NOTE: ALL DIMENSIONS USED IN COMPUTATIONS ARE
IN TERMS OF DESIGN HEAD (H,).

. t/ . DEFINITION SKETCH

)

Definition sketch for computation of G° and 8.

Since the XC coordinate 1is not readily avaliable it was computed by
filling a polynomial of the form y = kxb to the spillway crest. Tha
Newton-Raphson method was used to solve for XC for given coordinates of
XL and YL in order to avoid a trial and error procedure.

The coefficient of discharge was computed from Chart 311-1 of the
Hydraulic Design Criteria (Figure 2.90) given by the U.S. Army Corps of
Engineers. The suggested design ‘curve for X/Ho = 0.1 to 0.3 was used.
This requires the computation of angle B shown in Figure 3.5.7.

fhe computation of controlled release using the methéd by the U.S.
Army Corps of Engineers is more complicated, but can be implemented on
a computer without much difficulty. For multi-bay gates, the total
release 1is obtained by summing the discharge through gates which are
opened. For realistic application, it 1is necessary to‘consider the

stage-discharge relationships for various combination of gate openings,
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These are referred to as gate operation schedules. There are three gate
operation schedules following the existing operation rule for Valdesia
Dam, .namely

Schedule I - The centermost gate (No. 3) in operation

Schedule II - Gate No. 3 fuily_;;;;;; and tﬁo adjacent gates

(No. 2 and No. 4) in operation

Schedule III - Gate No. 2, 3, and 4 fully opened and the last

two gates (No. 1 and No. 5) }n operation

The completion of Schedule III corresponds to full opening of all
gates which is the case oé uncontrolled release described earlier. The
stage discharge curves for controlled flows through Valdesia Gates for
the different operation schedules are as given in Figuré 3.5.8. Similar
curves have been developed for the Las Barias gates (see Figure 3.5.9).
Four gate operation schedules have been formulated for Las Barias and
the details are as described in the legend of Figure 3.5.9.

In addition to the gated spillways, there are 2 other release
outlets which are of smaller capacity in the Valdesia Dam. They are the
sluice valves whose primary purpose is to release irrigation flows, and
the hydropower intake for supply to the hydropower units.. The sluice
valves outlets (2 units) are located at elevatiom 96.5 m with a combined
m#ximum capacity of 49.5 m3/sec at the normal full pool level of 150 m.
The discharge through the sluice valve can be computed by the following

equation:

34.5662C§(H - 96.5)
Q =( )

2
1+ 1.6350D

1/2 (Note: for 1 valve)

where CD is the coefficient of discharge as given in Figure 3.5.10 and H

is the water elevation in reservoir.
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Valve Diéchorge Coefficient

0 10 20 30 40 50 60 70 80 90 100

° 1 A .1

Percentage opening of sluice valve

Figure 3.5.10. Discharge coefficients for sluice valve.







The release through hydropower units is dependent on the reservoir
elevation and the power to be generated. The hydropower intake is
located at elevation 130.75 m and it, has a maximum capacity of 45
m3/sec. Figure 3.5.11. which is developed from information and design
files provided by counterparts gives the required hvdropower release as
a function of power generation and reservoir elevation.

Drawdown of a reservoir in anticipation of a flood is commonly used
by reservoir operators for creating a larger flood control pool. With
the knowledge of the stage-storage characteristics and the hydraulic
relationships developed in this section, it is possible to develop a
time of drawdown curve for Valdesia Reservoir. Figure 3.5.12 gives the
time required for the drawdown of the reservoir from the initial normai
pool 1level of 150 m, assuming that all the gates are fully opened and
the sluices and hydropower units are operated at maximum capacity.
However, mno inflow into the reserQoir is considered. The study has
shown that the reservoir can be drawn down to the crest level of
spillway (145.0 m ) in about 24 hours, but further lowering of the
reservoir elevation requires a much long time since it is restricted by
the c;pacity constraints in the sluice and hydropower units.

3.5.4 Induced Surcharge Curves

The operation of gated spillway has received much research and
attention in the United States and a comprehensive treatment of this
subject 1is given in an Army Corps éf Engineers Publication entitled
"Engineering and Design, Reservoir Regulation" (May 1959). The
following operational requirements have been suggested by the above
manual (page 12) for gated spillways:

(i) Peak release from the reservoir should not exceed peak rates
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of corresponding floods that would have occurred under runoff
conditions prevailing before construction of the reservoir.

-(1ii) The rate of increase in reservoir releases during a signifi-

cant amount of time should be limited to values that would
not constitute a major hazard to downstream users.

To meet the  above objectives it 1is suggested that the induced
surcharge storage above the static full pool 1level be utilized to
exercise partial control over the outflow rates after the reservoir has
filled to the static full pool level. Depending on the design of the
gate structures and the extent of flood damage to upstream properties,
the tolerable induced surcharges may range from 1 to 2.5 m. Once the
induced surcharge envelop curve is defined, it is possible to develop a
set of operation curves to guide the operator on the magnitude of
reservoir release given the flood inflows and the current reservoir
elevation.

The above mentioned manual also gives a detailed derivation of the
storage routing equation using the induced surcharge method. The basic
concept of this technique (page 14 in the manual) is to set a level of
outflow, generally smaller than the inflow, such that the balance of
inflow can be contained within the given induced surcharge storage
limits. Using some simplifying assumption, the following equation has

been derived

Q

1
SA - 2'1's(Q1 - Q2(1 + loge__)
Q,

where SA = the rémaining storage (i.e. storage to reach the induced

surcharge limit)

Q1 = inflow
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outflow

o
N
1

T = a time constant equal to the time for the hydrograph to
recess to 30.73% (1/217) of its original value

The direct solution of the above equation for outflow (QZ) is not
possible and hence an iterative approach is adopted. With a known
reservoir elevation and given the induced surcharge envelope, SA is
first computed. For any known value of inflow (Ql). it is possibie to
solve iteratively for a value of outflow (Q2) which satisfies the above
relationship. For practical real-time application, operation curves are
more useful. However, the - values of TS may differ from one storm to
another and hence a series. of curves are required. For Valdesia
catchment, a study of past flood-producing storms showed that Ts values
range from 6 to 15 hours with the shorte? time corresponding to the more
intense hurricane type of storm. Two sets of operation curves have been
developed, one for Ts = 6 hours (see Figure 3.5.13) and the other for Ts
= 12 hours (see Figure 3.5.14). The operator has to make an estimate
for Ts depending on the type épd severity of storm prior to using these
curves. Lower values of Ts lead to higher values of outflow and hence
more conservatism in operation.

The induced surcharge method as described in the earlier section
requires knowledge of reservoir inflow, the estimation of which may not
be easy. Since it 1is possible to compute indirectly the reservoir
inflow if the rate of rise (or fall) of the reservoir level is known, it
is more convenient to work with the latter parameter. For this purpose,

a second set of curves have been devloped in which the required release

can be read off directly once the rate of rise of reservoir level is
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known. These curves are given in Figure 3.5.15 (for Ts = 6 hours) ané
in Figure 3.5.16 (for ‘1’s = 12 hours).

.In the context of operation of ﬁhe Valdesia Reservoir, the concept
of induced surcharge may not be directly relevant since the primary
concern 1is on dam safety and downstream flood damage is not considered.
However, the use of this concept could be advantageous during the
smﬁller floods ana also when the reservoir level is low. In this way,,
some of the flood inflows can be saved in the reservoir for use at a
later date while at the same time, the operator is confident that the
outflows are still large enough to ensure that the safety of the dam is
not compromised. For this reason, the induced surcharge operation is
given together with two other modes of operation to provide more
flexibility in the emergency operati;n of the Valdesia - Las Barias
system.

3.5.5 Gate Regulation Schedule

In a reservoir system involving gated spillways, operation staff
will be most concerned with how the gates are to be operated.
Currently, the operation rule for the Valdesia Gates is as follows:

. (1) When reservoir level reaches 145.0 m, the sluice valves will
be opened. |

(ii) When the reservoir level reaches 147.5 m, the center-most

gate (No. 3) will be opened in a progressive manner such that
the reservior outflow is equal to the mean inflow to the
reservoir.

(iii) After gate No. 3 has fully opened and as the inflow

increases, two adjacent gates (No. 2 and No. 4) will bhe
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opened. The process continues until the last pair of gates
(No. 1 and No. 5) are fully opened.
.(iv) After all the gates have been opened, the spillway enters the
~uncontrolled phase of operation during which the operator has
no control on the outgzﬁ;‘é;;m the reservoir. The maximum
reservoir elevation is determined by the spillway
characteristics, stage-storage relationship and the inflow
hydrograph. For adequate safety aéainst overtopping, it i§
required that the maximum water level in Valdesia Resér§oir
should not exce;d 154.0 m.

There is no documentation on the present operation rule of gates in
the Las Barias system. Given that there are just as maﬁy gates, and the
flood inflows to Las Barias are the direct outflows of Valdesia, one
would expect a similar mode of operation to be practiced in Las Barias.
The qaximum tolerable flood surcharge level in Las Barias is 79.5 m.
Reservoir 1levels in Las Barias, however, can be expected to vary much
more rapidly because of the limited storage in this reservoir.

The existing operation rule for the gates represents a sound
tradeoff beﬁween storage conservation and dam safety. Operating the
gates 1in sequences involves more work on the part of the operator, but .
it helps to lessen the risk of depleting useful storage resulting from a
mis-judgement of the flood inflows. For this reason, it is proposed to -
retain the existing method of operation but with a slight modification
and concentrate on developing useful operation guide and a computerized
model for carrying out such operation. The details of such a computer

operation model will be described in Section 3.5.7.
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As explained earlier, the gate regulation scﬁedule for Valdesia Dam
h#s bgen modelled on the existing operation rule. For the compucér
model, this is represented by three schedules as follow:
Schedulé I - Center most gatg_fqﬁf_z) will be opened
vSéhedule II - Gate No. 3 fully opened and two adjacent gates (No.
2 and No. 4) will be operated
Schedule III - Gates 2, 3, and 4 fully opeped and ﬁhe last pair of
gates (No. 1 and No. 5) will be operated
Once a required gate release 1is specified, it is possible to
determine the schedule of gate operation and the gate opening. 1In the
computer model, this is carried out automatically. However, one could
arrive at the same result using the stage discharge curve for controlled
release (Figure 3.5.8). There is, however, a need for proper judgement
on the number of gates to be opened when the reservior level is low.
This is to avoid opening too many gates to pass a rather small outflow
when a better policy will be to force some of these flows into storage
and thereby build up the hydraulic head to enable a larger discharge
through the gates. A suitable method to achieve the above is to

implement a parallel operation scheme which limits the number of gates

that are allowed open. For Vgldesia Dam, the following rule 'is
suggested

Resexrvoir level Max, no. of gates allowed open

less than 147.0 m 0]

147.0 m to 148.0 m 1

148.0 m to 149.0 m 3

greater than 149.0 m no restriction
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In the case of Las Barias, four gate regulation schedules have been
conceived. They are as follow:
Schedule I - The center most pair of gates (No. 4 and No. 5) are
operated
Schedule II - Gates &4 and 5 are fully opened; gates No. 3 and No.
6 in opération
Schedule III - Gates 3, 4, 5, and 6 fully opened, gates No. 2 and
No. 7 in operation
Schedule IV - Gates ‘2, 3, 4,5, 6, and 7 fully opened and gates
No. 1 and No. 8 in operation
Similarly the gate operation schedule for Las Barias can be read
off directly from Figure 3.5.9 once the required release has been
determined. For reasons explained eariier in the case of Valdesia, it
is also necessary to have a parallel operation scheme to limit the
number of gates that are allowed opened when the reservoir levels are

low. The proposed scheme is as follows:

Reservoir level aximum No. of

in Las Barias . gates allowed open
Less then 71.0 0
.7i.0 to 73.0 2

73.0 to 74.5 ) 4

Greater than 74.5 No restriction

The above restrictions on gate opening specify the modifications made to
the current operating procedure which appears in documents made
available by the counterparts.

The gate regulation schedules as described earlier are primarily
concerned with the treatment of the rising limb of the inflow

hydrograph. However, the operator must also be provided with a guide on
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how to manage the releases when the hydrograph has peaked and is
recessing. There is no standard approach in dealing with such a
situation and hence the following strategy is used:

(i) The reservoir 1level should return to its original level (the
normal full pool level) ;;-;;;:kly as possible so that it is
ready to cope with a subsequent flood event.

(ii) The release from the reservoir should be controlled such that
it will approach or be maintained.at the normal full pool
level.

A ‘suitable operatiog strategy that will achieve the above is to
hold the gates at their position settings, just prior to the recession
of flood inflows, for a sufficient period of time until the reservoir
has fallen to the normal full pool level and thereafter maintain a gate
opening that equates outflow to inflow.

The gate operation schedules proposed in this section have been
tested extensively by reservoir operation studies using the computer
model (to be described 1in section 3.5.7) and have been found to give
satisfactory results under most circumstances. These rules represent
the best judgement at this stage of development. They are by no means

final and may be refined from time to time as better experiences are

gained in the operation of the system.

3.5.6 Modes of Operation

In Section 3.5.4, the induced surcharge method of determining
reservoir release has been described. It was also shown that the use of
this method for reservoir operation is advantageous if it is intended to

restrict the magnitude and rate of reservoir release at the beginning of
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;he flood inflow period. This is more likely to be the case when the
reservoir level in Valdesia is low. In this section, two other modes of
operation will be described.

The existing operation rule has been in use by the operation staff
and it 1is basically as case of eq;;gigg—outflow to mean inflow during
the controllable phase of the spillway operation. This mode of
operation is easy to implement. The gate operators will adjust the gate
openings progressively as the inflow increases, ;ttempcing to maintain a
constant reservoir pool for as 1long as 1is feasible. This mode is
include@ with a slight m;dificatioﬁ to incorporate the restrictions on
gate opening specified above.

The third mode of operation to be introduced is, sﬁrictly speaking,
a prior drawdown approach. It will be referred to as the Hurricane mode
of opefation. When large inflows to the reservoir are anticipated, it
is often advantageous to draw down the reservoir as much as possible to
maximize the flood control storage space. Since the normal pool level
is 150.0 m, drawing it down to 145.0 m, the crest level of the spillway
will result in an additional 40.4 million m3 of flood storage space
which .could help in absorbing a medium size flood. As demonstrated in
section 3.5.3, such a draw down operation can be achieved in about 24
hours if all the gates and other outlet facilities are operated at
maximum capacity. If che a&vance warning time of flood inflow is
longer, further drawdown of the reservoir storage is possible although
the rate of d:awdown will be much slower bécause of capacity limitation

in the outlet structures. For very large floods, the Hurricane mode

of operation is advised, but it has to be cautioned that






'y . - —_— L — —— e — —

II1-39

(i) The additional flood storage space thus created may not have a
significant impact in reducing the outflow peak of very large

‘ floods.

(ii) The initial surge of outflow (about 2700 m3/sec) as the gates
are opened suddenly may h;;;_;améging effects on downstream'
areas. Operators have, . therefore, to exercise appropriaté
judgement in'the initial operation of the gates to r;duce the
effect of such an outflow surge.

The Hurricane mode of operation is particularly useful in planning
studies_ because it repr;sents a limiting condition (in this case, a
lower 1limit) on the outflow and reservoir level build up as the inflow
hydrograph 1is routed through the reservoir. One could-safely conclude
that the results thus obtained are the maximum achievable limits under
the capacity constraints of the system.

Tﬁe three modes of operation have been developed to allow greater
flexibility in operation of the reservoir system. For best results, the
operator has to make appropriate on-site decisions based on the real-
time information such as reservoir level and flood forecast which are
available to him. In this respect, tﬁere is no substitute for best
judgement and experience. The éomputer model can be used to provide
predictions of results of different éssumptions of operation modes, but
the ultimate decision still rests with the operator.

3.5.7 Computer Model

Routing a flood inflow hydrograph through a reservoir system and
determining the gate regulation schedules during the controllable phase
of spillway operation 1is a tedious excercise. The graphs and charts

developed in the earlier sections can be of tremendous help in real-time
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operation, but they have to updated from time to time with the
accumulation of experience or as new or better quality data becomes
available. Considerable effort has therefore been expended to develop a
comprehensive computer model for carrying out the flood routiné
operation described in this chapter.

The computer model is basically a set of interacting mathematical
algorithms that attempt to simulate the wofking and interaction of the
component works that constitue the physical system for known sets of
inputs, boundary conditions and system constraints. It is basically a
simulation model which providés a ‘what if’ type of results/response for
use by the operator in decision making. When used in real-time, the
model can also advise on the gate regulation schedule for direct
implementation.

The computer model 1is included in the software package "Colorado
State University Hydrologic Modeling System" which combines all the
software developed for Hydrologic Studies and Emergency Operation. A
complete description with examples is provided in the users manual (CSU-

HMS, 1986).
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3.6 FLOOD ROUTING STUDIES

The computer model developed in Section 3.5 was used to study the
routing of wvarious historic and design floods through the Valdesia-Las
Barias system and the results of these studies are reported in this
chapter.

3.6.1 Historic Flood

The flood of August 1972 1is the largest historic flood where
measurements of flood flows were available. This flood reached a peak
discharge of 1760 m3/sec at Valdesia and lasted for about 70 hours. it
is a small flood when compared to Hurricaﬁe David or any of the design
floods such as SPF and PMF.

The August 1972 flood was routed through the Valdesia-Las Barias
system under 3 different modes of operati;n:

Mode 0 - Induced Surcharge Method

Mode 1 - Outflow Equals Inflow

Mode 2 - Hurricane Operation Mode

Two sets of initial reservoir levels were assumed in this étudy.

Case 1 - Valdesia Reservoir at 150 m (normal pool level) and

Las Barias Reservoir at 77 m (normal pool level).
Case 2 - Valdesia Reservoir at 145 m (spillway crest level)
and Las Barias Reservoir at 70 m.

The outflow and stage hydrograph are given in 8 plots.

Case 1 - Figure 3.6.1 to 3.6.4.

Case 2 - Figure 3.6.5 to 3.6.8.

The results of routing under different modes of operation and

initial reservoir levels are summarized in Table 3.6.1 and 3.6.2.
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Table 3.6.1. Routing May 1972 Flood with Initial Reservoir Levels of
150 m at Valdesia and 77.0 m at Las Barias

DESCRIPTION ' - MODE O MODE 1 MODE 2

Valdesia Reservoir

Inflow Peak (m°/sec) 1760 - 1760 1760

Outflow Peak (m3/sec) 1647 1686l 1595

Max. Reservoir Elevation (m) 150.81 iSO.lS 150.00
Barias |

Outflow Peak 1645 1684 1590

Max. Reservoir Eievation (m) 77.0 77.0 77.0

* Ignoring the initial 6utflow surge

Table 3.6.2. Routing May 1972 Flood with Initial Reservoir Levels of
145.0 m at Valdesia and 70.0 m at Las Barias

DESCRIPTION MODE 0 MODE 1 MODE 2

Valdesia Reservoi

Inflow Peak (m3/sec) 1760 1760 1760

Outflow Peak (m3/sec) . 1107 1638 1479

Max. Reservoir Elevation (m) 150.42 149 .45 148.32
Las Barias

Outflow Peak (m3/sec) 1106 1565 1484

Max. Reservoir Elevation (m) 74.63 74 .58 72.88
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It can be seen from the above routing studies that the hurricane
mode of operation results in the 1lowest reservoir water elevations
whilst the induced surcharge mode of operation is more effective in
suppressing the outflow peaks particularly when the initial reservoir

levels are lower. For a flood of this magnitude, the hurricane mode of

-operation is not advised for the following reasomns:

(1) When the initial reservoir levels are high (for
example, at the normal pool level), an initial
surge of outflow will occur when the gates are
suddenly opened to the full.

(2) The reservoir will bg unnecessarily drawn down
after the flood since gates are kept opened for

the entire duration of the floodt

3.6.2 Reconstructed Hydrograph of Hurricane David

The flood resuiting from Hurricane David (August 30, 1979) has been
reconstructed using HEC-1 model wunder different assumptions of
antecedent moisture conditions (i.e., AMC I, AMC II and AMC III). The
reconstructed hydrographs will be used as input to the routing program.

It was reported that the flood of Hurricane David overtopped the
gates at Valdesia. The initial reservoir level in Valdesia was 143.0 m

and a maximum level of about 156.0 m was reached (personal

communication, operator of Valdesia Reservoir). The gates at Valdesia

were not opened during the entire duration of the flood. To simulate
the situation of non-opening of the gates, HEC-1 program was used. It
was assumed that there is no outflow from the reservoir until the

reservoir elevation has built up to 150 m, after which water overflows
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the gates which behave like a sharp-crested weir with a total width of
120 m. A series of hypothetical inflow hydrographs were generated by
applying a scaling factor on the reconstyucted David hydrograph under
AMC-II condition. The results of the study are summarized in Table

3.6.3.

Table 3.6.3. Routing Reconstructed David Hydrograph (AMC-II) through
Valdesia with All Gates Closed

Peak Discharge (m3/sec) - Peak Reservoir
Scaling Factor Inflow Outflow Elevation (m)
0.40 3491 . 366 151.25
0.60 5237 1155 152.70
0.80 6983 . 2182 154.13
0.90 7856 2763 154.84
1.00 8729 3350 155.50
1.10 9602 3971 156.16
1.20 10474 4580 156.78
1.30 11347 5229 157.40

From the above study, it can be seen that a flood with a peak of
about 9000 m3/sec would result in a peak water level of about 156.0 m in
Valdesia Reservoir if the gates were kept closed. This is clo;e to the
peak of the reconstructed Hurricane David hydrograph wunder AMC-II
condiéion. This finding provides a support to the validity of the HEC-1
model for rainfall-runoff simulation in the Nizao Basin.

Having obtained the reconstructed Hurricane David hydrograph under
different antecedent moisture conditions, the next step of the study is
to route these hydrographs through the Valdesia-Las Barias Reservoir
system using the routing model that has been developed. This was

carried out and the results of this study are summarized in Table

3.6.4..
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Table 3.6.4. Routing Reconstructed David Hydrograph wunder Different
Modes of Operation :

AMC DESCRIPTION MODE O MODE'I | MODE 2
AMC-1 Valdesia ‘ , ’ |
Peak Inflow (m3/sec) 5332 5332 5332
Peak Outflow (m3/sec) 4254 3935 3226
Peak Reservoir Level (m) 151.59 151.27 150.53
Las Bariags
Peak Inflow (m>/sec) 4227 3931 3212
Peak Reservoir Level (m) 77.0 77.0 77.0

AMC-1I1 Valdesia

Peak Inflow (m3/sec) 8729 8729 8729
Peak Outflow (m3/sec) | 6274 5940 5614
Peak Reservoir Level (m) '153.42 153.14 152.85
Ba S
' Peak Outflow (m>/sec) 6234 5926 5552
Peak Reservoir Level (m) 78.49 78.20 77.83
AMC-III  Valdesia
Peak Inflow (m3/sec) 10358 10358 10358
’ Peak Outflow (m3/sec) 7529 7335 7217
Peak Reservoir Level (m) 154.44 154.29 154.19
Las Barias
Peak Outflow (m3/sec) 7430 7259 7154
Peak Reservoir Level (m) 79.57 79.42 79.33
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The results of the routing studies for reconstructed hydrograpins of
Hurricane David are plotted in a series of outflow and stage hvdrographs
as im Figure 3.6.9 to 3.6.12 for AMC-} condition, Figure 3.6.13 to
3.6.16- for AMC-II condition, and Figure 3.6.17 to 3.6.20 for AMC-III
condition.

For the David inflow hydrograpﬁs, routing by the induced surcharcge
mode results in slightly higher peak outflow (and reservoir elevation)
than the other two modes of operation. The reason for this is.that by
restricting the initial release from the reservoir, the reservoir builds
up to a higher level and enters into the'uncontrolled phase of spillway
operation slightly ahead of the other two modes of operation. This
results in a higher peak reservoir elevation and thereby, a larger peak

release.

3.6.3 Standard Project Flood

The magnitude ;f Standard Project Foods (SPF) depends on whether it
is tge non-hurricane or the hurricane type of storm. The non-hurricane
SPF has an average basin precipitation of 260 mm whilst the hurricane
SPF Hhs a corresponding average of 493 mm. Routing studies will,
therefore, by carried out for both types of SPF hydrographs.

The resulting routing of the non-hurricane SPF are summarized in

the Table 3.6.5.






1 DRV = JOARISOL RTHAPIRA IR PIAL( suRa1aaNg
1o cqdeg@oapA Ay MOPIIN0 PAE IS PUR MO JUT POJoNIISUOINY "6 9°f dandy

SYNOH NI 3WIL

SE o s2 02 st o1 s 3
- BB L] L] 4. 4'?-". —-- % Q
!
4
4
)
L ~
H oe0r =
! u >
\ H v
i ] -
\ (3 ~r
[ 3 \ -
. \ 4 eee2
! \ (B U
v VA 3
) ! ‘ 3
i Lol L V4
i - £
= L oooc
' ) ..... tl / \". j v—-
) X} ’ e
i .\ : 4
N, /i ] 3
...V./ \.\ .... 4 ]
- eeer
} . . 4 d
s
. T 1
: . a
” - 009S
_ 2 3004 - NOT4IN0 ———- u
_, , T 3004 - NOTLN0 -—-— |
; ® 300 - NOLAD ---ee--
{ . 01Nl —— ]
_ . . < ov09







. ‘1 DNV - ATOA12s11
ydeafoapdy a8ers paenuig “01°9°¢ aanfy

ersapeA 18 PIAug 2ueapaany jo s

SHNOH NI 3WIL
s€ ot s2 ‘o2 st et s e
— Ll L] L] dt,_ L | L 4 v v — v v v v ‘ LA v v v - L v L] v — v L] v T . v v v v w'“
~. <
~.
/./ h ~
. 4 =
//. . 7, - >
N\, * \ - c
N / \ wr »
N / \ ] e
N\, \ , 4 o
\. / \ J
. \, / \ ]
. \. ; \ S
\, ! \ T |
0 \, | , . m
W N j \ 3
- \, : \ u
= \. ! \
[ o] / -. . r “
\ ; \ et
: \ ! \ 3
\ j ]2
\, / \ 4
\, ] \. 5
/ \ pocer est W
1 °
J 1]
: Y
. 3
] 5
3
- st ¥
2 3qM —— |
T 3QOM  eeceee
- ® 3008 —
- ast







II1-57

[ X X}
Wy
222
i
| e
e N TP vt bl ma et e et =3 S
[ d
3 ¢ s £ 3

BRNOICXVW ~Z EM\NVNWO

-

(*1°S°V'KH)

TIME IN HOURS

Figure 3.6.11. Simulated outflow hydrographs of hurricane David at Las

T gty i = e By

Barias reservoir - AMC I.






III-58

*I DOWV - 1JOA13s3al

sefleqg seT 3I® pyaeq duedjrany jo sydeaBoaply a8e3s pajernuys °Zr°9°f 2an3g

SUNOH NI 3WIL
st ec s2 02 st ot s
- v L] v v — — — v L] v Al - v v v v - v L) v L - L v v v
'I,l/
/./ \.\././.
/ \,
/ \ i
] \
. \ \
\, K ./
\ .
N\, i \
\. ! \.
/./ ! \
"\, / ,
\. / \ -
\, ! i
\, | ‘
\ j !
" L
/.I.\. _
!
\
Y
\
\
2 3008 -—-—
T 300N -eeeee

[

9L

CWAWEDIOmE SWOWS ~E Ewrawen (°1°S°V°R)






III-59

IOy - d1oadouay, Lrsoprey e Pravg v:....,._.:.:_

jo n._._:uw:.:i: MO no Pavinmgs pup MOpJuy 1.uuuz.-um=ouum "€1°9-¢ a1ngy,

S¥0H NI 3ug,
St ot S2 02 st o
TV e o
f
]
[’
]
[}
] ~
! =
..r 0002 L
y P
4 =
~ A
)
_ 2
! ~ oeo0r 3
/7
€
N
N
1
3
0oy 3
3
[~
H
3
s
1
a
0008
2 300M - nov4ing —___ )
¥ 3008 - nov4ing ...
® 3dow - nov4ing ......
: 0IMNT .._
Noes







!
f
i

II1-60

SHNOH NI Il

IRV
PISOpPIrEA e pragg auedpaany jo sydeafoapay ofeas poaenuig *H[ 9 g Aandyg

- J1oAJas

~
.

s¢ ec s2 02 st ot s °
— v v L) -l"— — - v L] LR - 1 ] L] v - v v | - v v A 4 T wv“

~~
=z
L
w

(13 SN
s
3
3
s
3
N
N

ost !
3
5
Y
1
s
3
1
0
n

st ¥ :
3
5
3
]

T 3008 -ceeee-
o 3d00 —
J st







‘11 IRY - h—0>h0.n0h MMHHNQ
<n

I 12 praeq duedriang jo n:angwcgva: Mo13jaIno Palernurg ‘ST1°9°¢ aangpg

S¥NOH NI 3ur) .

III-61

@ 308 ..
1 3d04 .......
® 3008 — l_

0008



gy pum W I D N B B D I D B I B B B e



III-62

11 OWV - 1}]0A12SdI
seyieg se Je piaeg auedjaany jo sydeaRoaply a8eis paje(nuig °9(°9°¢ 3indyy

SUNOH NI 3ulL
st (1 s2 02 ot

S 0
v v v 1T v v v—7v [ 73
| =
>
77N 1% @
4 N\ 3
4 \ J ~
! \ w
/ \ s
/ \q e 3
\ \ L]
i N
T
: 1
| 3
\ g
.,u 9% 3
\ ¥
1
)
n
3
3
- 8 $
¥
2 3008 -—-— |
T 3Q0M  .eeeee
® 3004 ——
- o8






III-63

CTHT DRV = dT0ATOSIT PISOPIUA 1P PIAD(] ouRd 1IN

SUNOH NI 3WlL
SE o€t se .02 st ot S

10 sydeaoaphy mop1Ino paaenugs pur acpjur paijaniisuoany /[°9°g 2andry

7 T v T T AN | L B 4 T T T T TV T T T r v | v

V— e —

2 3a04 - NO141N0
¥ 3004 - NO144N0
9@ 3004 - NO13LNO
- MOTANI

eccecas

0002

ooor

00001

ovoel

amnozrzeow =z =msvwo (*1°S°V°K)

[ - [ ] 3 [ [ . I






I1I-64

11T OWV

- 110A1DS]

RISOPlEA B pPJAeq auedtraany Jo sydrafoapfy a8e3s pajejnuwig *R[°9°¢ 2indi4

SNOH NI 3Wl4
oc s2 02 st
d’l ~[-\~ v v v — v v Al v — v L] v v — v

II',
.
/l
~
/l
~.
~.
N,
N,
/n
N
/.
/l
N\
N
. \,
\,
AN

R it

e 3008 -—-—
0U  -eeeeee
AW ——

9t

8rt

ost’

ast

¥St

951

(*1°S°V'W)

XWNWEDO~E NFCOW ~Z CwWH-xww»n






III-65

*111 DWV - 1JOAI2S21 sejaeg

s8] 3Ie piaeq 2uedjaany jo sydeaSoapdy moyjano pajernuis °*6[°9°€ 2an81y

SHNOH NI 3UIL
ot se o2 st [ )} S [ ]
v ) J .
i
! ~
I =
i >
\ ._P o002 mb
\! :
-
Y| ~
i 3
\ s
‘ 7
€
L]
- 000
N
| §
3
9
T ]
]
H
d
;
- 0009 d
e 300 -e—-=—
T 300  -ee-ee-
® 3004 ——
- 0008

¢






111 DNV - AFcAl1asaa
sejaeg Se'] 18 praeq auedfaany jo sydraSoapAy a3els pajeynuys °nz°9°¢ 2andyg

SUNOM NI 3WIL
SE o€ s2 02 st ot s °
— Ll LS v v - L] LS v v d Ll L Al L] — | v v v — LADERE v v - v L4 ¥ L] — LA LA 2 OF
I,I.,
.
S~ § 2
~. .
/;/ >
AN v
. 1% Z
. :
\. -
[ /0 -
. /. - w
. V4 *
/. / AN 4
N \ /7 \, L
f-o /o \. / -9 'F U
— /. . .- u
[l \ H N
bt .
\, ! 1
\ | 1
\ \ 3
\ \
\ h 9L .u_
\ ¥
1
0
n
3
:
¥
2 008 -—e— |
T 300  -eeee--
® 300N ——
: . -l o8







Table 3.6.5. Routing Non-Hurricane SPF under Different
Operation

AMC

AMC-I

AMC-II

AMC-III

III-67

DESCRIPTION
Valdesia
Peak Inflow (m3/sec)
Peak Outflow (m3/sec)
Peak Reservoir Level (m)
Las.Barjias
Peak Outflow (m3/sec)
Peak Reservoir Level (m)
Valdesia
Peak Inflow (m3/sec)
Peak Outflow (m3/sec)
Peak Reservoir Level (m)
Las Barias
Peak Outflow (m3/sec)
Peak Reservoir Level (m)
Valdesia
Peak Inflow (m3/sec)
Peak Outflow (m3/sec)
Peak Reservoir Level (m)
Las Barjas
Peak Outflow (ms/sec)

Peak Reservoir Level (m)

MODE O

2469
1877

150.86

1874

77.0

5380
4304

151.64

4302

77.0

7544
5817

153.03

5804

78.08

MODE 1

2469
2450

150.0

2422

77.0

5380
4142

151.48

4125

77.0

7544
5669

152.90

5651

77.93

Modes of

MODE 2

2469
1685

150.0

1684

77.0

5380
3647

150.98

3631

77.0

7544
5404

152.67

5357

77.64
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The outflow and stage hydrographs of routing the non-hurricane SPF
were displayed in a series of plots shown in Figure 3.6.21 to 3.6.32.

Similarly, the hurricane SPF was routed through the Valdesia-Las
Barias Reservoir system and the results are summarized in Table 3.6.6.

The outflow and stage hydrographs of routing the hurricane SPF were

displaved in a series of plots shown in Figure 3.6.33 to 3.6.44. The

.studies have ‘shown that the maximum pool level in both the Valdesia and

Las Barias Dams will exceed the design level for hurricane SPF under
AMC-11 énd AMC-III conditions, if the initial reservoir levels were at
normal full pool levels.

If the reservoir level is lowered in advance of the arrival of the
SPF' flood, additional flood control stage thus made available can be-
effectively used to cope with larger flood peaks. This was investigated
through a series of routing studies with different initial reservoir
levels. The results are as shown in Figure 3.6.45 which is a plot of
initial reservoir elevation against the maximum peak inflow that can
safely pass through the Valdesia Reservoir (without exceeding the
maximum surcharge elevation of 154.0 m). The results indicate that if
the ihitial reservoir 1level 1is at 130 m, an SPF flood peak of about
15,000 m3/sec can be accommodated. It is of relevance, however, to
mention that an advance time of about 11 days is required for the

reservoir level to be drawn down from 150 m to 130 m.
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Table 3.6.6.
AMC

AMC-1

AMC-1I

AMC-1I1I

I1I-81

Routing Hurricanes SPF under Jifferent Modes of Operation

DESCRIPTION MODE O MODE 1  MODE 2
Valdesjia
Peak Inflow (m>/sec) 10185 10185 10185
Peak Outflow (m>/sec) - 7332 7249 6632

Peak Reservoir Level (m) 154.29 154 .22 153.72

(Above max. design pool level)

Las Barijas
Peak Outflow (m>/sec) 7252 7178 6628
Peak Reservoir Level (m) 79.43 79.35 78.85
Valdesia
Peak Inflow (m’/sec) 14663 14663 14663
Peak Outflow (m3/sec) 10697 10661 10302

Peak Reservoir Level (m) Above max. design pool level
(> 154.0 m)
Las Barjas

Peak Outflow (m3/sec) Above max. design pool level

Peak Reservoir Level (m)

(> 79.5 m)
Valdesia
Peak Inflow (m3/sec) 16547 16547 16547

Peak Outflow (m3/sec) Above max. design pool level

Peak Reservoir Level (m) | (> 154.0 m)

Las §a; L§§

3
Peak Outflow (m™/sec) Above max. design pool level

Peak Reservoir Level (m)) (> 79.5 m)
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