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VOLUME III. EMERGENCY OPERATION

3.1 INTRODUCTION

The Valdesia reservoir system, located on the Nizao River in the
Dominican Republic, was designed to provide irrigation water to the
Nizao project areas and hydroelectric energy 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 system a short distance
downstream.

The study on the operational 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

distinct 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 1large floods. Clearly the emergency
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 emergency 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 through Valdesia-Las Barias system, a
computer model to simulate the hydraulic characteristics of spillways
and various outflow regulating works of the Valdesia system is
developed. Three modes of operation for flood 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 fully 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 1is also used in routing studies. The
influence of upstream reservoirs in controlling the design floods is
investigated by flood routing. The routing of design flood hydrographs
due to both hurricane and non-hurricane conditions are investigated.
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
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forecasting tracks of tropical cyclones up to 72-hours lead time. These
track forecasts are extremely useful for operating the system under
hurricane emergency conditions. Unfortunately, a review of a state of
the art of precipitation reveals that portable models for precipitation
forecasfing of hurricanes, which can be readily instalied in the
Dominican Republic are not available. An approximate procedure based on
past precipitation patterns of the Hurricane DAVID islemployed for
predicting precipitation potential of a hurricane.
3.3 SUMMARY OF CONCLUSIONS

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

1. A computerized reservoir operation model can be a useful and
effective tool in 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 constraints in the outlet
works and hence is unlikely to be practical.

3. Within the practical limits of operation, the safe peak.flood
discharge is of the order of 11,000 m3/sec corresponding to an
initial reservoir level of 145.0 m in Valdesia.

4. For small floods, the induced surcharge method is more
effective in suppressing the peak release, particularly 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, 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 using the two different modes of
operation should be carried out and a final decision should be
based on the analysis of the resulting outflow and stage
hydrographs.

For 1large 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 level is 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 (ail AMC
conditions). If an wupstream reservoir is constructed at
Jiguey with some flood control allocation (about 56 million m3
flood st;rage), the peaks of SPF for all antecedent moisture
conditions can be effectively controlled. The proposed Jiguey

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 hurricanes 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 pre;ipitation
potential of a hurricane determines the nature of flood

potential from it to a very large extent.

3.4 ORGANIZATION OF THE VOLUME

The work involved in the development of operating procedures for
emergency conditions 1is reported in four sections. The development of
the flood routing model for Valdesia - Las Barias system including three
modes of operation 1is discussed in Section 3.5. The routing of
hypothetical floods and ;he reconstructed hydrograph 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 -

Emergency reservoir operation refers to the operation of a
reservoir ' system during short term events such as floods where the
primary concern is safety of the dam and dowﬁstream flood damages. The
damage and failure of gates in Valdesia Dam during Hurricane David
(August 30, 1979) served to 1illustrate the importance of sound and
proven emergency operation rules. The primary purpose of this sect;on
is to develop such rules or guidelines based on dam safety requirements.. .
Downstream flood damage consideration is not incorporated at this stage
since theré is 1little quantitative data to permit any meaningful
analysis.

An 1ideal real time emergency operation model is one which accepts
forecasts of flood inflows, simulates 1likely consequences under
different assumptions of operation and identifies the best course of
action which meets operation 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 reasonable limits °
established rules, proven past experience and at times, operators
preference can be incorporated into a mathematical algorithm 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 is particularly true in the case of a steep
gradient river like Rio Nizao, the advantage of a coméuterized operation
éodel 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 reservoir systems are given. A significant part
of the effort in developing the emergency operation model is therefore
in collating the necessary.data such as reservoir 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 wusing empirical equations and charts developed in the United
States and published in the design manual of the Bureau of
Reclamation and the Army Corps of Engineers. In many cases, the quality
of available data leaves much to be desired, 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 1is 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 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 sarias Dam is 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 pool level of 77.0 m)
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Figure 3.5.1. Stage-storage curve for Valdesia Reservoir.
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since 1its 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 too crude for accurate flood routing studies; Linear
interpolation is 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 wuseful for more refined flood routing
investigations.

3.5.3 Hydraulic Characteristics of Outlets

Both the Valdesia and Las Barias dams are equiped with multi-gated
spillways. The releases from the reservoirs are therefore dependent on
how the gates are operated and the hydraulic characteristics of the
g;tes. The hydraulics of release however falls into two categories:

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

regulation by gates is in effect.

(ii) Uncontrolled release when all th; 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 flexibility in operation, but demand
greater expertise on the part of the operator. The hydraulics of gate

release is also more complex.



BAARALAEAEAYTY LY EEH EEWVWNENSS ™=



Elevation in m

ITI-10

810
790}
770}
750}
Elevation Storage
m x10°m3
69.0 0.0198
e © 720 0.240
73.0 0.450
75.0 1.330
77.0 3.00
710 80.0 6.053
6900 s 2 92 N R .

Storage in million m®

Figure 3.5.2. Stage-storage curve for Las Barias Reservoir.
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Uncontrolled release will be discussed first since it is a lot
simpler as far as the hydraultics of flows is concerned. The eqution for
a free overflow spillway as given in Design of Small Dams (Bureau of
Reclamation, 1976) is

1.5
Q = CCC (W - 0.2 H)H

where Cq = coefficient of discharge

C° = correction for coefficient of dicharge for other than design
head

Cs = corrections for tailwater submergence

W = width of spillway

He = 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
C - 2.16 1.91
q
w 120.0 118.0

The values of Co 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 Hr®
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H
where Hr = EQ
o

Ho is the designed head which has a value of 9.0 in the case of
Valdesia 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 separatly. ‘

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 for
uncontrolled release 1is slightly more complex because of the tailwater
submergence effect. The tailwater levels at Las Barias spillway for a
range of spillway for a range of spillway outflow were first computed
using the standard HEC-2 program. The analysis was carried out starting
at about 10 km downstream of the Dam using river cross section data from
1 : 10,000 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, 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 until convergence. The

procedure can be easily implemented on a computer and the results are as




E A A EBREEAEEEE NS ESEW™wwms™



III-13

0008

*femT11ds
BISOPTEBA 12A0 MOTJ PATT10IJUOOUN 103 IAIND a8aeydstp-afess *g g ¢ aan3ytyg

93s/.w u 8bipyosig

0002 0009 0009 000+ 000¢ 0002 000! 0
T T ] Y v s s osdl
+'c689 R2-1] .
0089G o'egl 10941
916GH 0°261
I'vegee o'lgl |
$'9292 005 . ozhl
gb8I 06+l
12811 0°'8bl 1os#i
S'929 0'Lbl .
I'g12 0'9%! 1.
000 o'shl ot wm
(Te]
(03s/ w) (w) 10061 @
ebioyos)g  eboyg it
_ 3
10181
d02s1
1oesi
' 1ovsl

o'ssl







.mﬁm.ﬁucw_ C-DHH UO paseq wep seyieg s 3B [9A3] I93IBM[FBRL *#°G°C 2andyg

98s/,w ui 8bioyasig

000'2! ooo'ol 0008 0009 000¢ 0002 (o]
L} J L) ] ) ] 4  § L v v O.N-w
‘ 089
68°GL 00021
2 b 0008 —
09'€l 0009 1oes 2.
8L2L 000t -]
" 26°12 0002 -4
, 05°0L 0001 loor
} £9'69 00g o
m 68'89 0s2 M
3 _ 1012 =
0 ( w) soupg sp 998/ oW o
— m ID |3A3)43joMIDL  8BaDYIsIg m.u
! loee §
(@]
(7)]
o
Joes m
1obe
1o¢L

m 092







III-15

: 08

[ ]

(&)

c

O

T a6 — e e e e e e e o e e I
2 —-\,’ hd
S He

o i

()] d
S 04 P

o {

E? /7. 7

T
E

S 0.2
(/7]
o 2 Il 1  _ 2 [ ] 1
0 0.l 0.2 03 04 0.5 06 0.7 (oX:]

Degree of Submergence :d
e

Figure 3.5.5. Submergence coefficient (adopted from Fig. 254 'Design of
Small Dams', USBR, 1976).







III-16

given in Figure 3.5.6. It can be seen that at the maximum flood

';urcharge level of-7§:5 m.tﬁé 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 on spillway. 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 mnot provide the coefficients below 0.645 and
therefore its application to the entire range of gate openings and water
surface elevations is questionable. A better technique given by U.S.
Army Corps of Engineers (Hydraulic Design Criteria, charts 311-1 and
311-2) which 1is applicable specifically to tainter gates on spillway
crests 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 JZ—sﬁ

where G° = net gate opening

Cv = coefficient of discharge
B = gate width

H = head to center of gate openings

The net gate opening Go is given by

G 2

o /(xL - xc)2 + (Y - Y

where XL, YL' XC' and YC are defined in the following sketch.
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GATE OPENINGS AND ANGLE @

DEFINITIONS (CONT)

Q IS 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

LIP IS ABOVE AND BELOW THE TRUNNION RESPEC~-
TIVELY. ’ :

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

Z DEFINITION SKETCH
-

Definition sketch for computation of Go' and B.
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Since the X coordinate 1is not readily avaliable it was computed by
filling a polynomial of the form y = kxp to the spillway crest. The
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
Engineerings. 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.

The computation of controlled release using the method 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 operation, it is necessary to consider the stage-
discharge relationships for various combination of gate openings. 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 fully opened and two 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) in operation

The completion of schedule corresponds to full opening of all gates
which 1is the case of uncontrolled release described earlier under

Section The stage discharge curves for controlled flows through Valdesia

Gates for the different operation schedules are as given in Figure
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3.5.8. Similar curves have been developed for the Las Barias gates (see
Figure 3.5.9). Four gate operation schedules have been identified 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 elevation 96.5 m with a combined
maximum capacity of 49.5 m3/sec at the normal pool level of 150 m. The
discharge through the sluice valve can be computed by the following

equation:

3a.5662c§(n - 96.5)
Q =( )

1+ 1.6350%

172 (Note: for 1 valve)

wbere CD is the coefficient of discharge as given in Figure 3.5.10 and H
is the water elevation in reservoir.

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 design files
provided by counterparts gives the amount of hydropower release required
as a function of power required 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
relationship developed in this section, it is possible to develop a time

of drawdown curve for Valdesia Reservoir. Figure 3.5.12 gives the time
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Valve Discharge Coefficient
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Percentage opening of sluice valve

Figure 3.5.10. Discharge coefficients for sluice valve.
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Figure 3.5.11. Hydro-release required for specified level of power output.
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required for the drawdown of the reservoir from the initial normal pool
level of 150 m and assuming all the gates are fully opened and the
sluices and hydropower units are operated at maximum capacity. The
study has shown that the reservoir can be 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 capacity of 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 of 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:

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

(1i) The rate of increase 1n 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 1levle be utilized to
exercise partial control over the outflow rules after the reservoir has
filled to the static fu11.p001 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
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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, which 1is 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 - 2TS(Q1 = Q2(1 + loge—)
%
where SA = the remaining storage (i.e. storage to reach the induced

surcharge limit)

Q1 = inflow

Q2 = outflow

'1‘s = a time constant equal to the time for the hydrograph to

recess to 30.73% (1/2.7) of its original value

The direct solution of the above equation for outflow (Q2) is not
possible and hence an iterative approach 1is adopted. With a known
reservoir elevation and given the induced surcharge envelope, SA is
defined. For any known value of inflow (Ql), it is possible to'solve
iteratively for a value of outflow (QZ) 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 '1‘s values
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range from 6 to 15 hours with the shorter time corresponding to the more
intense hurricane type of storm. Two sets of operation curves have been
developed, one for '1's = 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 and 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 read off directly once the rate of rise of reservoir level is known.
These curves are given in Figure 3.5.15 (for T, = 6 hours) and in Figure
3.5.16 (for Ts = 12 hours).

In the context of operation of the Valdesia Reservoir, the concept
of induced surcharge may not be directly relevant since the primary
concern is on dam safety and dowﬁstream flood damage is not considered.
However, the wuse of this concept could be advantageous during the
smaller floods and also when ther reservoir level is low. In this way,
some of the flood inflows can be saved in the reservoir for use at a
later daté ‘while at the same time, the operation 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
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flexibility in the emergency operation 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 operated. Currently,
the operation rule for the Valdesia Gates are as follows:

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

(ii) When the reservoir 1level 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.

(1ii) After gate No. 3 has fully opened and as the inflow
increases, two adjacent gates (No. 2 and No. 4) will be
opened. The .process continues until the last pair of gates
(No. 1 and No. 5) are fully Qpened.

(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 outflow from the reservoir. The maximum
reservoir elevation 1is determined by the spillway
characteristics, stage-storage relationship and the inflow
hydrograph. For adequate safety against overtopping, it is
required that the maximum water level in Valdesia Reservoir
should not exceed 154.0 m.

There is no documentation on the present operation rule of gates in

the Las Barias gates. Given that there are just as many gates and the

flood inflows to Las Barias are the direct outflows of Valdesia, one
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would expect a similar mode of operation to be practiced in Las Barias.
The maximum tolerable flood surch;rge 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 between storage conservation and dam safety. Operating the
gates in 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 and concentrate on developing a
useful operation guide and a computerized model for carrying out such
operation. The details of such a coputer operation model will be
described in Section 3.5.7.

As explained earlier, the gate regulation schedule for Valdesia Dam
has been modelled on the existing operation rule. For the computer
model, this is represented by three schedules as follow:

Schedule I - Center most gate (No. 3) will be opened

Schedule 11 - 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 opened and the last pair of

gates (No. 1 and No. 5) will be operated.

Once a required gate release is specified, it is possible to
determine the schedule of gate operation and the gate opening. In the
computer model, this is carried out numerically. 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.
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This is to avoid opening too many gates to pass a rather small outflow
when a better policy will be to force 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 opertion scheme which 1limits the number of gates that are

allowed open. For Valdesia Dam, the following rule is suggested

eservoi vel ax. no, of gates allowed ope
less than 147.0 m 0

147.0 m to 148.0 m 3

greater than 149.0 m no restriction

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 operation

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 earlier in the case of Valdesia, it
13 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:
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Reservoir level Maximum No. of
in Las Barias gates allowed open
Less then 71.0 | 0

71.0 to 73.0 2

73.0 to 75.0 4

Greater than 75.0 No restriction

The gate regulation schedules as described earlier are primarily
concerned with the treatment of the rising 1limb of the inflow
hdyrograph. However, the operator must also be provided with a guide on
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 pool level) as quickly 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 pool level

A suitable operation strategy that will achieve the above is to
hold the gates at their maximum settings, just prior to the recession of
flood inflows, for a sufficient period of time until the reservoir has
fallen to the normal 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 study using the computer model
(to bé described in 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
the flood 1inflow 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 equating outflow to mean inflow during
the controllable phase of the spillway operation. This model of
operation is easy to implement. The gate operators will adjust the gate
openings progressively as the inflow increases, attempting to maintain a
constant reservoir pool for as long as is feasible.

The third mode of operation to be introduced is, strictly speaking,
a prior drawdown approach. It will be referred to as the Hurricane
model of  operation. When 1large 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 1level 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 significantly 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 are

operated at maximum capacity. If the advance warning time of flood
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inflow is longer, further drawdown of the reservoir storage is possible
although the rate of drawdown will be much slower because of capacity
limitation in the outlet structures. For very 1large floods, the
Hurricane mode of operation is advised, but it has to be cautioned that

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

(ii) The initial surge of outflow (about 2700 ms/sec) as the gates
are opened suddenly may have a damaging effect on downstream
areas. Operators have, therefore, to exercise appropriate
judgement in operating the gates to reduce the effect of such
an outflow surge.

The Hurricane mode of operation is particularly useful in planning
studies because it represents a 1limiting 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.

The 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, there is no substitute for best
judgement and experience. The computer model can be used to provide
predictions of results of different assumptions of operation modes, but

the ultimate decision still rests with the operator.

ooy






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 is a tedious excercise. The graphs and charts
developed in the earlier sections can be of tremendous help in real-time
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 routing
operation described in this chapter.

The computer model is basically a set of interacting mathematical
algorithms that attempt to simulate the working 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 provides 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 (see Figure 3.5.17).

The computer model that has .been developed to carry out the
emergency operation comprises a main program and sixteen subroutines. A
brief description of each of the program components is given below:

a Progr - the driving program that reads input data
organizes and controls the routing operations by calling the
various subroutines and prints out the results of the operation
study.

(i1 Subroutine OUTFLW - computes the required reservoir release

by the induced surcharge method given the current reservoir

elevation and inflow
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ubroutine STO - contains the stage-storage curve for
Valdesia. -It computes the reservoir elevation given the storage,

or vice versa using a linear interpolation techniques

v Subroutine STORB - contains the stage-storage curve for Las
Barias. It computes the reservoir elevation given the storage or

vice versa using linear interpolation technique.

v ubroutine - computes the uncontrolled release over
the Valdesia Spillway

vi ubrout B - computes the uncontrolled release over
Las Barias Spillway accouting for tail water submergence effect

v ubroutine GA' - computes the release through Valdesia
gates given the reservoir elevation, the number of gates which are
opened and the size of the opening

v ul ine G - computes the release through Las Barias
gates given the reservoir elvation, the number of gates which are
opened and the size of the opening

(ix) Subroutine QPENA - determines the gate regulation schedule
for Valdesia given the fequired outflow release and the reservoir
elevation
)  Subroutine OPENB - determines the gate regulation schedule
for Las Barias given the required outflow release and the reservoir
elevation

i Subroutine SPILLA - carries out a storage routing throught

Valdesia Reservoir in the uncontrollable phase of spillway
operation. It computes the outflow and resulting reservoir level

given the inglows, initial outflow and reservoir storage (see

Appendix 3.5A)
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outine SPI - carries out a storage routing through
Las Barias Reservoir in the uncontrollable phase of spillway
operation. It computes the outflow and resulting reservoir level
in Las Barias given the inflows, initial outflow and reservoir
storage (see Appendix 3.5A)
ubroutine O - determines the hydro-release required for
generating a specified power output given the reservoir elevation
v ul ine SIUJICE - determines the discharge through the
sluice  valves given the reservoir elevation and the sluice valves
given the reservoir elevation and the sluice opening. It can also
compute the sluice opening required given the discharge and
reservoir elevation.
Subrout DL - a mathematical procedure to carry out
linear interpolation
(xvi) Subroutine NEWTON - a Newton Raphson iterative procedure for
use in solving for the coordinates of the Ogee Crest Spillway
(called by subroutine GATEA
A simplified flowchart of the main program is given in Figure
3.5.17 and a complete listing of the program (in FORTRAN) is given in
Appendix 3.5B. The inputs to the program are as follows:
(1) Title description
(i1) A set of routing control parameters namely
NQ - number of points in inflow hydrograph
DT - time step for routing
DTINQ - time interval need in defining inflow hydrograph

TS - time constant to be used for induced surcharge

computation
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TMAX - time period of routing
MODEA - modelof routing in Valdesia
MODEB - mode of routing in Las Barias

(1ii) The inflow hydrograph to Valdesia Reservoir. The inflows to
Las Barias are taken directly as the outflows of Valdesia.

(iv) 1Initial reservoir elevations in Valdesia and Las Barias

More detailed description of the input data is given in the

‘comment’ statements at the beginning of the main program.

A brief outline of the routine computations undertaken at each step

of routing is as follows:

(1) Check whether hydrograph is rising or recessing

(ii) Determine the magnitude of release (including the hydro-
release) depending on outcome of (i) and the mode of routing.
determine whether spillway is in the controllable phase of
operation or otherwise

(iii) If spillway release is controllable, determine the gate
regulation schedule (i.e. number of gates to be opened and
size of openings)

(iv) If spillway release 1is wuncontrollable, carry out storage
routing to determine the end of time step outflow and
reservoir elevations (see Appendix 3.5A)

(v) The outflows of Valdesia are wused as inflows (without
logging) to Las Barias and the above step (i) to (iv)
repeated.

(vi) Results of routing are printed and running variables reset

for the next time step.
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Typical outputs of the computer model are given in Appendix 3.5C
which gives the results of routing Hurricane David under three different
modes of operation, namely:

Mode 0 - Induced surcharge method

Mode 1 - Outflow equal to inflow

Mode 2 - Hurricane operation (i.e. all gates opened immediately)

The printout contains a brief echo print of the routing control
parameters followed by a tabulation of the results of routing at each
time step. The following details are provided:

Q1 - the inflow at the beginning of time step

1° the reservoir elevation at the beginning of time step

H

V1 - the reservoir storage at the beginning of time step
0, - the initial outflow at the beginning of time step

0

1
2 " the final outflow at the end of time step
H2 - the final reservoir elevation at end of time step

The gate regulation schedule which tells the operator how many and
which combination of gates to be opened.

YL - the amount of gate opening for the gates being operated




. .
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APPENDIX 3.5A

Storage Routin Newton

Raphson Iterative Procedure

The continuity equation for storage-routing is given by

At At
S, - S, - = [I, +1,] - = [0, + 0,] (1)

where S = storage
I = inflow
0 = outflow
At = time interval
(subscript 1 and 2 refer to beginning and end of time step)

The unknowns in the above equation are S, and O,, both of which are

2 2’
functions of reservoir storage
82 - SZ(H) (2)
0, = 0,(H) ' 3
Rewriting Equation (1) as follows:

S, = [0.58t(I; + I,) + S, - 0.5At0;] - 0.5At0, = K - 0.5At0, (4)

2 2

where K 1is a routing constant which can be evaluated using the known

1’ 12, Sl, and 0l

Using Equation (4), a new function F can be defined as follows

values of 1

F =S, - K+ 0.54t0, (5)

The solution for S, and 0, is obtained when F = 0.
There are two unknowns in Equation (5), but both are functions of
reservoir stage, H. Hence, it is more convenient to solve for H first

and then recompute 82 and 02. The most convenient approach is the

Newton Raphson method which is described as follows:
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(1) Assume a value for H (can use the initial reservoir elevation

(ii) Evaluate F from Equation (5)

(1ii) Evaluate EE from the following expression

o

3(s.. (H)) 3(0,, (H))
oF _ "2 +0.58t 2
aH aH aH

(iv) if F is not equal to zero, a correction to H can be computed

as

AH = -_F
dF /3H

(v) Using the improved estimate of H, repeat the steps (ii) to (iv)

until covergence
The above procedure is highly efficient for storage routing in the
Valdesia and Las Barias System because:
(1) The stage-storage curve can be represented as a piece-wise

linear relationship which greatly simplifies the evaluation of
- as
aH

(ii) The stagé discharge relationship OZ(H) is a simple polynomial

equation, the derivative of which can be easily evaluated by

an exact analytical expression
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APPENDIX 3.5.B

LISTING OF PROGRAM FOR RESERVOIR ROUTING
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PROGRAM ROUT (INPUT,QUTPUT, TAPES=INPUT, TAPE6=CUTPUT)
CHARACTER*25 INSTR, INSTRB

CHARACTER*80 TITLE

DIMENSION QQ(200) ,Q(800),EMW(800),INSTR(0:4) ,INSTRB(0:5)
DATA EMW/800*22.5/

THIS IS A PROGRAM TO ROUTE FLOOD HYDROGRAPH THROUGH THE VALDESIA
AND LAS BARIAS RESERVOIRS. THE PROGRAM ALSO DETERMINES THE GATE
SETTINGS AT EVERY TIME STEP BASED ON THE REQUIRED MODE OF OPERATION
DEFINED AS FOLLOWS:- :

MODE 0 - INDUCED SURCHARGE APPROACH

MODE 1 - OUTFLOW EQUAL TO MEAN INFLOW

MODE 2 - HURRICANE OPERATION IE. ALL GATES OPENED IMMEDIATELY
THE PROGRAM ASSUMES THAT THE COMPLETE HYDROGRAPH IS KNOWN OR
FORECASTED. IN REAL TIME OPERATION ,THE PROGRAM CAN BE USED

BY SETTING FLOWS AT STEP T+l AS EQUAL TO CURRENT VALUE WITH
APPROPRIATE UPDATING OF RESERVOIR LEVEL AND INFLOWS AT THE

BEGINNING OF THE NEXT TIME STEP AS THE INFORMATION BECOME
AVAILABLE.

EXPLANATION OF INPUT VARIABLES:-
NQ =NO OF INFLOW HYROGRAPH QORDINATES
DI =TIME STEP OF ROUTING IN HOURS
DTINQ= TIME INTERVAL IN THE INPUT HYDROGRAPH (HOURS)
TS = TIME CONSTANT IN INDUCED SURCHARGE COMPUTATION.
IT IS APPROXIMATED BY TIME TAKEN BY HYDROGRAPH
PEAK TO RECESS TO 37.03 § OF IT ORIGINAL VALUE. (HOURS)
TMAX = TOTAL TIME OF ROUTING (HOURS)
MODEA = MODE OF ROUTING IN VALDESIA RESERVOIR
0 — INDUCED SURCHARGE METHOD
1 — OUTFLOW BQUAL TO MEAN INFLOW
2 — HURRICANE IE. ALL GATES OPENED IMMEDIATELY
MODEB = MODE OF ROUTING IN LAS BARIAS RESERVOIR
1 -— OUTFLOW BQUAL TO MEAN INFLOW
2 — HURRICANE IE. ALL GATES OPENED IMMEDIATELY
Q = INFLOW HYDROGRAPH TO VALDESIA RESERVOIR (M3/SEC)
ELEV0 = INITIAL RESERVOIR ELEVATION IN VALDESIA (M)
EIB0 = INITIAL RESERVOIR ELEVATION IN LAS BARIAS (M)
TITLE= TITLE DESCRIFTION OF RUN (80 CHARACTERS)

995 READ(5,8,END=999) TITLE

8

6

FORMAT (A80)

READ(5,*) NQ,DT,DTINQ,TS,TMAX,MODEA,MODEB

WRITE(6,5) TITLE

FORMAT('1',///,5X,'FLOOD ROUTING THROUGH VALDESIA AND LAS ',
+ 'BARIAS RESERVOIRS',//,5X,A,/,5X,'INPUT PARAMETERS',
+ ' AS FOLLOWS :=',/)

WRITE(6,6) DT,TS,MODEA,MODEB

FORMAT( 5X,'TIME STEP IN ROUTING ‘',18X,F10.2,/,
+ 5X,'TIME CONSTANT IN INDUCED SURCHARGE METHOD',F10.2,/,
+ 5X, '"MODE OF ROUTING IN VALDESIA Y 17,/,
+ 5X, 'MODE OF ROUTING IN LAS BARIAS ' I7,/)






'.I.‘-= 0
= 0.
YI.B=0. 00
ISCHED=1
ISCHB=1
IG=0
-IGB=0
Ol= Q(1)
OB1=01
ELEV1=ELEVO
ELB1=ELB0
CALL STORA(0,ELEV1,V1)
CALL STORB(0,ELB1,VBl)
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DI=3600.*DT
DTINQ=3600. *DTINQ
TS=3600.*TS
TMAX=3600. *TMAX
READ(S'*) (m(I) Iglpm)
READ(5,*) ELEVO,ELBO
INSIR(0) = ' SLUICE OPENED BY (%) '
INSTR(1) = ' GATE NO.3 UP BY '
INSTR(2) = ' G.3 OPENED,G.2 &4 UP BY'
INSTR(3) = ' G.2+3+4 OPENED,G.1&5 UP'
INSIR (4) ' ALL GATES FULLY OPENED'
INSTRB(0)="' ALL GATES CLOSED '
INSTRB(1)=' GATES 4 + 5 UP BY '
INSTRB(2)=' G 4+5 OPENED,G3+6 UP BY'
INSTRB(3)="' G3 TO 6 OPEN,G2+7 UP BY'
INSTRB(4)=' G2 TO 7 OPEN,Gl+8 UP BY'
INSTRB(5)="' ALL GATES FULLY OPENED °*
FAC=1.E-6
NST=INT (DTINQ/DT)
JJ=0
DD11I= lrM'l
DQ=(QQ(I+1)-QQ(I) ) /FLOAT (NST)
DO 2 J = 1,NST
JJ=3J+1
Q(JJ)= QQ(I) +FLOAT(J-1)*DQ
CONTINUE
JJ = JJ +1
Q(33) =QQ(NQ)
NOQ= JJ
NMAX = INT( TMAX/DT)
DO 4 I = NQO+1,NMAX
Q(1) = 0.00
WRITE(6,11)
11 FORMAT('1', 12X,'TIME',19X,'Ql‘',8X,'H1',8X,'V1',8X,'01',8X,'02',
+ 8X,'H2',5X, 'GATE OPERATION INSTR',9X,'YL',/)







anQn
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DO 20 I = 2,NMAX
T=T+DT
Q1=Q(I-1)
Q2=Q(I)
QAVG=0.5* (Q1+Q2)
CALL HYDRO (ELEV1,EMW(I-1),QT)
IF(MODEA .EQ. 2) GOTO 25

IF Q2 IS NOT KNOWN IN ADVANCE NOR FORBCASTED,THIS CONDITION
FOR CHECKING OF IC SHOULD BE MODIFIED ACCORDINGLY.

IF( Q2 .LE. Q1) IC=1
IF( IC .EQ. 1) GOTO 40
IF( ELEV1 .GT. 151.) GOTO 25
IF(MODEA .EQ. 1) THEN
02=0QAVG
GOTO 17
ENDIF
CALL OUTFLW(TS, ELEV1,QAVG,02)
IF( 02 .GT. QAVG) THEN
IF(Q2 .GT. 1.5*Q1) THEN
SIMILAR COMMENT AS LINE NO 58 APPLIED.
DI'= DT*0.5
WRITE (6,13) DT

FORMAT( //,5X, 'ROUTING PERIOD TOO LARGE',/,
5X, '"REPEAT WITH TIME STEP OF ',F10.2)

GOTO 30
ELSE
02=Q1
ENDIF
ENDIF

IN ACCORDANCE WITH PRESENT OPERATING RULE, THE GATES

WILL NOT BE OPENED FOR ANY RESERVOIR LEVELS LESS THAN
147.0 M. BEIWEEN 147 M TO 148 M , ONLY GATE NO 3 WILL BE
OPENED WHILST AT 148 M TO 149 M , MAXIMUM OF 3 GATES CAN BE
OPENED. THERE IS NO RESTRICTION ON NO OF GATES OPENED FOR

RESERVOIR LEVELS ABOVE 149 M.

IF( 02 .LT. QT) 02=QT
CALL SLUICE(1,ELEV1,QSL,1.00)
IF( ELEV1 .LT. 147.0) THEN
ISCHED=0
IF((02-QT) .LT. QSL) THEN
CALL SLUICE(0,ELEV1,02-QT,YL)
V2=V1+FAC*DT*QAVG -FAC*DT*02
ELSE
¥I=1.00
V2=V1+FAC*DT*QAVG -FAC*DT* (QT+QSL)
02=QT4QSL
ENDIF
CALL STORA(1,ELEV2,V2)
GOTO 28
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ELSE
Q\LL GATEA(S,H:M‘14SO 'ELMImR)
CALL FREEA (ELEV1,5,QFS,CD,HE)
OCR=AMIN1 (OCR,QF5)

IF(02 .GT.(OCR+QI+QSL) .AND. ELEV1 .GT. 149.0) GOTO 25
ENDIF

C :

C DETERMINE GATE OPENINGS
V2= FAC*DI'*QAVG —FAC*DI*02 +V1
CALL STORA(1,ELEV2,V2)
ELEV =0,5*(ELEV1 +ELEV2)
CALL SLUICE(1,ELEV,QSL,1.00)
0B=02-QT
IF( OB .LT. QSL) THEN

ISCHED=0

CALL SLUICE(0,ELEV,0B, YL)
ELSE
CALL OPENA (ELEV,O0B-QSL ,ISCHED, YL, QACT)
IF((OB-QSL) .GT. QACT) THEN
V2= V2+FAC*DT* (OB-QSL~QACT)
CALL STORA(1,ELEV2,V2)
02=QT+QSL+QACT
ENDIF
ENDIF
GOTO 28

CARRY OUT RESERVOIR ROUTING WITH ALL GATES OPENED

oo

25 CALL SLUICE(1,ELEV1,QSL,1.00)
CR=V1+FAC*DI'*QAVG -0.5*FAC*DT* (O1+QSL+QT)
ISCHED=4
¥Y1=10.0
CALL SPILIA(ELEV1,CK,DT,02,ELEV2,V2,ISPILA)
IF (ISPILA .EQ. 1) GOTO 995
02=02+QSL+QT
GOTO 28

40 IF( ELEV1 .LT. 150.00001) GOTO 42
IF( ISCHED .LT. 4) GOTO 44
CALL SLUICE(1,ELEV1,QSL,1.00)
CK=V1+FAC*DI'*QAVG~0 . 5*FAC*DT* (O1+QSLHQT)
CALL SPILLA(ELEV1,CK,DT,02,ELEV2,V2,ISPILA)
IF( ISPILA .EQ. 1 ) GOTO 995
02=02+QSL+QT
IF(ELEV2 .GT. 150.000001) GOTO 28
ELEV2=150.0
GOTO 47
42 ELEV2=ELEV1
47 ELEV=ELEV2
CALL STORA(0,ELEV2,V2)
IF(QAVG .GT. Ol)THEN
02=01
ELSE
02=0QAVG
IF(QT .LT. O2) GOTO 48
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ENDIF
IF(QT .GT. 02) 02=QT
V2= V14+FAC*DI*QAVG-FAC*DT*02
CALL STORA (1,ELEV2,V2)
ELEV=0,5* (ELEV1+ELEV2)
48  0B=02-QT
CALL SLUICE(1,ELEV,QSL,1.00)
IF(OB .LT. QSL) THEN
ISCHED=0
CALL SLUICE(0,ELEV,0B,YL)
ELSEIF(ELEV .LT. 147.0) THEN
ISCHED=0
YI.=1.00
V2=V2-DT*FAC* (QSL+QT-02)
02=QTH+QSL
CALL STORA(1,ELEV2,V2)
GOTO 28
ELSE

CALL GATEA(S,ELEV-145.0,ELEV,0OCR)

CALL FREEA (ELEV,5,QF5,CD,HE)

OCR=AMINI (OCR, QFS)

IF((0OB-QSL) .LT. OCR) THEN
CALL OPENA (ELEV,0B~QSL, ISCHED, YL, QACT)
IF((OB-QSL) .GT. QACT) THEN

V2= V2+DT*FAC* (OB —QSL~QACT)
CALL STORA(1,ELEV2,V2)
«  02= QSL+QTH+QACT
ENDIF

ELSE
IG=1
GOTO 44

ENDIF

ENDIF
GOTO 28

44 ELEV=ELEV1
45 CALL FREEA(ELEV,1,QF1,CD,HE)
QF3=QF1*(72.0 -0.2*HE)/(24.0 -0.2*HE)
QF5=QF1*(120.0-0.2*HE) / (24.0-0.2*HE)
IF( ISCHED .LT. 1) THEN
CQALL SLUICE(1,ELEV,QSL,YL)
02= QSL +JT
ELSEIF( ISCHED .LT. 2) THEN
CALL SLUICE( 1,ELEV, QSL, 1.00)
CALL GATEA( 1,YL,ELEV,QG)
QG = AMINI (QG,QF1)
02 = QG +QSL +QT
ELSE
CALL SLUICE(1,ELEV,QSL, .1.00)
CALL GATEA( 2,YL, ELEV, QG)
IF( ISCHED .LT. 3) THEN
QG= AMINL( QG,QF3-QF1)
02=0G+QF1+QSLAHQT

MAINTAIN SAME GATE OPENING IF HYDROGRAPH IS RECESSING
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ELSE

QG= AMINL( QG,QF5-QF3)

02=QGH+QF3+QSLAQT
ENDIF

ENDIF
49 V2= DT*FAC*QAVG-DT*FAC*02 +V1
CALL STORA(1,ELEV2,V2)
IF(ABS(ELEV2 -ELEV) .LT. 0.0001) GOTO 46
ELEV =ELEV2
GOTO 45
46 IF( ELEV2 .GT. 150.00001 .OR. IG .EQ. 1) GOTIO 28
ELEV2=150.0
GOTO 47

28 TT= T/3600.

WRITE (6,12)TT,Ql, ELEV1,V1,01,02,ELEV2, INSIR (ISCHED) ,YL
12 FORMAT(7X,F10.2,' VALDESIA ',6F10.2,3X,A,F8.2)

QB1=01

QB2=02

V1=\2

01=02 .

ELEV1=ELEV2

1G=0

IC=0

IF( ISPILB .FQ. 1) GOTO 20

C
Chhkkhkkkhhhhkhhhkhhhhhhhkhkhkhhhhkkhhhhkhhhkhkhhhkhkhhkhkhkhhkhhhhkkhhhhkhhhhhkhhhkhkkk

C

C PART B: ROUTING THE OUTFLOWS OF VALDESIA THROUGH LAS BARIAS
Cc ASSUMING NO ATTENUATION IN THE CHANNEL
C
C

fos T L T T e e T e T T
QBAVG=0.5* (QB1+QB2)
IF( MODEB .EQ. 2) GOTO 250
IF( QB2 .LE. QBl) THEN
ICB=1
GOTO 260
ENDIF

GATES AT LAS BARIAS WILL NOT BE OPENED FOR LEVELS
BELOW 71.0 M.THIS ASSUMPTION CAN BE CHANGED IF REQUIRED.

nnaoao

IF ( EIB1 .ILT. 71.0) THEN
ISCHB=0
0B2=0.00" '
VB2=VB1+FAC*DT*QBAVG
CALL STORB(1,ELB2,VB2)
GOTO 29
ELSE
CALL GATEB(8,ELB1-69.0,ELB1,0CR)
CALL FREEB(ELB1,8,QFB,CD,HE)
OCR= AMIMI (OCR,QFB)
IF(QBAVG .GT. OCR .AND. ELBl1 .GE. 76.0) GOTO 250
ENDIF
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CALL OPENB(ELB1,QBAVG, ISCHB, YLB, QACT)
IF( QBAVG .GT. QACT) THEN
OB2=QACT
VB2=VB1+FAC*DT*QBAVG -FAC*DT*0B2
CALL STORB(1,ELB2,VB2)
IF( ELB2 .GT. 79.0) GOTO 250
ELSE
0B2=0BAVG
VB2=VBl
ELB2=ELBl
ENDIF
GOTO 29

RESERVOIR ROUTING WITH ALL GATES OPENED

250 CR=VBl+FAC*DT*QBAVG-0.5*FAC*DT*OBl
ISCHB=5

YIB=10.00

CALL SPILLB(ELB1,CK,DT,0B2,ELB2,VB2,ISPILB)
IF( ISPILB .EQ. 1) GOTO 20

GOTO 29

(e NeXg)

eXeKeKel

OUTFLOW COMPUTATIONS WHEN HYDROGRAPH IS RECESSING

260 IF(ELBl .LT. 77.00001) GOTO 270
IF(ISCHB .LT. S) GOTO 280
CK=VB1+FAC*DT*QBAVG-0.5*FAC*DT*0OBl
CALL SPILLB(ELB1,CK,DT,0B2,ELB2,VB2,ISPILB)
IFP( ISPILB .BEQ. 1) GOTO 20
IF(ELB2 .GT. 77.00001) GOTO 29
ELB2=77.00
GOTO 271

270 ELB2=ELBl

271 ELEV=ELB2
CALL STORB(0,ELB2,VB2)

OB2=QBAVG
IF( ELB2 .LT. 71.0) THEN
ISCHB=0
YLB=0.00
VB2=VB2+FAC*DT*0B2
CALL STORB(1,ELB2,VB2)
GOTO 29
ELSE
CALL GATEB(8,ELEV-69.0,ELEV,OCR)
CALL FREEB(ELEV,8,QFB,CD,HE)
OCR=AMINI1 (OCR,QFB)
IF( OB2 .LT. OCR) THEN
CALL OPENB(ELEV,0B2,ISCHB, YLB, QACT)
IF( OB2 .GT. QACT) THEN
VB2=VB2+DT*FAC* (OB2-QACT)
CALL STORB(1,ELB2,VB2)
OB2=QACT
ENDIF
GOTO 29
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ELSE
IG=1
GOTO 280
ENDIF
ENDIP

MAINTAIN SAME GATE OPENING IN A RECESSING HYDROGRAPH

ELEV=ELBl
NGO= 2*ISCHB -2
CALL FREEB(ELEV,2,0F2,CDl1,HE)
IF(ISCHB .LT. 1) THEN
0B2 = 0.00
ELSEIF( ISCHB .LT. 2) THEN
CALL GATEB(2,YLB,ELEV,0B2)
OB2=AMIN1( OB2,QF2)
ELSE
CALL FREEB(ELEV,NGO,QFN,CD2,HE)
CALL GATEB(2,YLB,ELEV,QG)
QG =AMINI (QG,QF2*CD2/CD1)
IF(ISCHB .EQ. 4) QG=0QG/1.071428
OB2 = QFN + QG
ENDIF
VB2=VB1+FAC*DT*QBAVG -DT'*FAC*0B2
CALL STORB(1,ELB2,VB2)
IF(ABS(ELB2-ELEV) .LT. 0.001) GOTO 282
ELEV=ELB2
GOTO 281
IF(ELB2 .GT. 77.00001 .OR. IG .EQ. 1) GOTO 29
ELB2=77.00
GoTO 271

WRITE OUT RESULTS AND RESET FOR NEXT TIMESTEP

WRITE(6,14) TT,QB1,ELB1,VBl,0Bl1,0B2,ELB2,INSTRB(ISCHB) ,YLB
FORMAT (7X,F10.2,' LAS-BARIAS',6F10.2,3X,A,F8.2,/)
VB1=VB2 '
OB1=0B2
ELB1=ELB2
IGB=0
ICB=0
CONTINUE
GOTO 995

STOP

END

SUBROUTINE OUTFLW(TS,RL1,Q1,02)

PURPOSE:~ COMPUTATION OF RESERVOIR RELEASE BY THE INDUCED
SURCHARGE METHOD GIVEN RESERVOIR ELEVATION AND
INFLOW.

DIMENSION HS(20) ,QS(20)

DATA NS/20/

DATA HS/150.0,150.3,150.4,150.5,150.6,150.65,150.7,150.75,150.8,
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+ 150.85,150.9,150.95,151.0 ,7*151.0/

DATA Qs/0.00,250.0,500.0,750.0,1000.0,1250.0,1500.0,1750.0,
+ 2000.0,2250.0,2500.0,2750.0,3000.0,3250.0,3500.0,
+ 3750.0,4000.0,4250.0,4500.0,4750. 0/

CALL S’IORA(O,RIJ.,SI'D

Qo

Q2 = 0.00

SREQ = 1.0*TS*Q1/1.E6
CALL STORA(0,HS(1),ST2)
SA = ST2 -ST1

IF ( SA .GT. SREQ) GOTO 4

C SOLUTION BY BISECTION METHOD.
szx = 20*01
Q2MIN = 0.00
Q2 = 0.5*(Q2MAX +Q2MIN)
DO 25 JJ= 1,20
SREQ=1.0%1 . E~6*TS* (Q1-Q2-Q2*AL0OG (Q1/Q2) )
CALL INTPL(NS,QS,HS,Q2,RL2)
CALL STORA(O, RL2,ST2)
SA =ST2 -ST1
ER= SA -SREQ
IF (ER .GT. 0.00) Q2MAX=Q2
IF (ER .LE. 0.00) Q2MIN=Q2
IF(ABS(ER) .LE. 1.B-4) GOTO 4
25 Q2 = 0.5*(Q2MAX +Q2MIN)
4 RETURN
END
SUBROUTINE FREEA (ELEV, NGATE,DIS,CQ0,HE)
C PURPOSE:~ COMPUTES THE UNCONIRCLLED DISCHARGE OVER
C VALDESIA SPILLWAY.
MTA A0,Al,A2,A3,A4/0.782896,0.40209,-0.3473,0.2210,-0. 05941/
DATA H0/9.0/
HE =ELEV -145.0
IF(HE .LT. 1.E-6) HE=0.00
WID=24.*FLOAT (NGATE)
HR = HE/HO
CQO=A0+Al *HR+A2*HR *HR+A3 *HR**3+A4 *HR**4
DIS=2.16*CQ0* (WID-0.2*HE) *HE**],5
RETURN
END

SUBRQUTINE STORA (IT,ELEV,V)
PURPOSE:= STORAGE ELEVATION CURVE FOR VALDESIA DAM.
IT=0 ,FIND STORAGE GIVEN ELEVATION
IT=1 ,FIND ELEVATION GIVEN STORAGE.
DIMENSION ELEVT(8) +STORT (8)
DATA ELEVT/125.,130.,135.,140.,145.,150.,155.,160./
DATA STORT/16.214,32.163,53.736,80.145,113.465,153.088,196.481,
+ 243.42V
IF(IT .BQ. 1) GOTO 10
CALL INTPL(8,ELEVT,STORT,ELEV,V)
RETURN

an0n 000

|
.




- —— L L — L] L | W T T A ——




10

anon

100

eXeXe!

20

III-58

CALL INTPL(8,STORT,ELEVT,V,ELEV)
RETURN
END
SUBROUTINE INTPL(N,X,Y,XN,YN)
PURPOSE:— LINEAR INTERPOLATION FROM A TABLES OF X-Y VALUES.
IF VARIABLE IS OUT OF RANGE, THE RELEVANT UPPER
OR LOWER LIMITS WILL BE RETURNED.
DIMENSION X(N) ,Y(N)
IF (XN .LT. X(1)) THEN
YN=Y(1)
ELSEIF(XN .GT. X(N)) THEN
YN=Y (N)
ELSE
DO 100 I =1,N-1
IF ( XN .LE. X(I+l)) THEN
YN=(Y¥ (I+1) =¥ (I) ) * (XN-X(I) )/ (X (I+1) =X (I) ) +¥Y (I)
RETURN '
ENDIF
CONTINUE
ENDIF
RETURN
END
SUBROUTINE OPENA (ELEV,QQUT, ISCHED, YL,QACT)
PURPOSE:~ TO DETERMINE THE GATE OPERATION SCHEDULE FOR
VALDESTA GIVEN THE REQUIRED OUTFLOW AND RESERVOIR
ELEVATION.
YMAX=ELEV-145.0
QACT=QQUT
CALL FREEA(ELEV,1,QF1,CD,HE) -
QF3=QF1*(72.0-0.2*HE) /(24 .0-0.2*HE)
QF5=QF1*(120.~0.2*HE) /(24.0-0.2*HE)
CALL GATEA(1,-0.20,ELEV,Q0)
ISCHED=2
IF ( QOUT .LT. QF1) ISCHED=1
IF ( QUT .GT. QF3) ISCHED=3
IF(ELEV .GE. 149.0) GOTO 51
IF(ELEV .GT. 148.0) THEN
ISCHD2=2
ELSE
ISCHD2=1
ENDIF
ISCHED=MINO (ISCHD2, ISCHED)
GOTO (4,5,6) ISCHED
IF(QOUT .LT. QO) GOTO 28
IF( QOUT .GT. QFl) THEN
QACT= QF1
GOTO 29 '
ENDIF
YLMAX= YMAX
YLMIN= -0.20
YL= 0.5* (YLMAX+YLMIN)
CALL GATEA(1,YL,ELEV,QG)
QG=AMINL ( QG,QF1)
DIFF=QG-QQUT
IF( ABS(DIFF) .LT. 0.1) GOTO 30
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IF( DIFF .GT. 0.) YLMAX= YL
IF( DIFF .LT. 0.) YLMIN= YL
GOTO 20

QREQ= QOUT -QF1
QGM = QF3-QF1
IF(QREQ .LT. 2.*Q0) GOTO 28
IF(QREQ .GT. QGM) THEN
QACT=QF3
GOTO 29
ENDIF
YLMAX= YMAX
YLMIN= -0.20
YL= 0.5* (YLMAX+YLMIN)
CALL GATEA(2,YL,ELEV,QG)
QG = AMIN1( QG,QGM)
DIFF = QG~QREQ
IF( ABS(DIFF) .LT. 0.1) GOTO 30
IF( DIFF .GT. 0.) YLMAX =YL
IF( DIFF .LT. 0.) YLMIN= YL
GOTO 21

QREQ= QOUT-QF3
QGM= QF5~QF3
IF(QREQ .LT. 2.*Q0) GOTO 28
IF(QREQ .GT. QGM) THEN
QACT=QF5
GOTO 29
ENDIF
YLMAX= YMAX
YLMIN= -0.20
YL= 0.5* (YLMAX+YLMIN)
GLL GAEA(Z:YL,H;EV,@)
QG=AMINI (QG,QGM)
DIFF = QG-QREQ
IF( ABS(DIFF) .LT. 0.1l) GOTO 30
IF( DIFP .GT. 0.) YLMAX= YL
IF( DIFF .LT. 0.) YLMIN= YL
GOTO 23
YI~-0.20
RETURN
Y<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>