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OVERVIEW

The comprehensive Reservoir Simulation Model, RESIMO, uses an
Olivetti M24, with 256K RAM and 10MB hard disk, desktop digital
computer or equivalent to route floods through reservoirs on the
basis of inflow (hydrograph) inputs and system (reservoir basin
characteristics, spil lways, flood status) characterization to
predict outcomes in the form of an outflow hydrograph from the
reservoir and associated water levels and storages in the
reservoir,

An overview nf the model structure is shown in Figure A= . 1In
simplest terms the program is constructed i the form of '"blocks"

as fol Lows:
VATA block

This bleck is used to generate new data files, update
data files, view data files, delete files and display
disk directories. No computations are done in this
block.

ii. CALC block

This block performs all the calculations required to
simulate the progression of a flood through a
reservoir. An opticn calculates an operating rule for
manual gates to optimize the use of available storage
in the reservoir and minimize the outflow hydrograph
peak.

iii. PRES block

This block presents calculation results, “rom CALC,
either on screen or line printer as required. No
calculations are done.

As indicated in Figure A-1 al. dats are entered, edited and
updated in the DATA block. Calculations, using data from DAYA
block, are done in the CALC block and results from CALC are
presented by the PRES block.

This structure has a numter of advantages. The most important
are:

i« Onlyone block needs to be entered into the processor
ot a time. This has the advantage of al lowing more
processor space for data and calculation purposes.
i.e. Larger data sets can be run on the same machine.

ii. Only one operation is done at a time and results stored
progressively i.e. The user may generate a number of
data files first, run them afterwards and view the
results without Losing any of the entered Jdata or
calculated result files,

A=1
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A.2 SERVICE BLOCKS

A.2.1 DATA Block

DATA forms a freestanding, separate program which al lows the.user
to manipulate data as he requires. The program is menu driven
and provides the following options:

Create a new data file.

i 19 Revise or view an existing data file.
1%, Cv'ete old data files.

iv. Gisciay disk directorye.

Ve Ehain oniC.

vi. Chain to ~RES.
vii. Finish using prog.'ane.

Option 1: Create a new data file

This option al Lows a new data “ile to be enterea. The data
input is interactive and the user is guided by a series of
questions and prompts. A set of data coding forms are
provided in Appendix B. These forms should be used to
ensure that the data set is prepared correctly.

A number of data checks are provided to enable the user to
correct errors without re-entering the entire data set.
When a data set is complete it will automatically be stored
on disk, under a filename provided by the user, in a format
acceptable to the CALC block.

Data input is arranged into five categories under the
following sub=headings:

Yo Titles.
é 1%, Reservoir basin characteristics.
f14. Spillway data.
ive Flood data.
Ve Reservoir flood status.

Titles

This data sub-set serves to identify the data set and
the filename under which it will ultimately by stored.
The data file name is entered first and it is suggested
that a directory name is prefixed to the filename to
ensure that the data are stored on the correct disk
drive i.e. If a data file is to be stored on drive A,
| under the filename "FRED" the filename entered should
be "A:FRED". If the directory name is omitted data
will be stored in the directory in use at the time
(usually this means on the proc.am disk).
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In addition to the file name the user is al lowed two
titles. These titles serv2 to identify the data set
and will be incorporated, as headings, in the final
results. The first title should identify the reservoir
and its flood status while the second title should
describe the flood event.

Reservoir basin characteristics

This data sub-set describes the reservoir basin by
means of a number of storage - elevation points. The
program will interpolate Linearly between points in
order to calculate storages at intermediate elevations.
The elevation st2p sizes should therefore be chosen
such that the assumption inherent in interpolation,
i.e. that the change in elevation and storage between
two points can be approximated by straight Llines,
yiclds acceptable results. The step size need not be
constant throughout. 1i.e. The user can increase or
decrease step sizes as required in order to describe
the storage - elevation curve adequately.

Spillway data

The program al lows seven different spil lway components.
They are:-

i Box culverts
ii. Ogee crost
y 5 s Automatically controlled gates.
iv. Manually controlled gates.
Ve Manually controlled high pressure outlet.
vie Fuseplug.
vii. User defined.

Any one of these components can be used individually or
in combination with one or more others. Only one
restriction applies when a manually control led
component is op*rated by the program: Any one manual
component can be operated by the program on its own or
in combination with any number of non-manual
components, but not in combination with another manual
component.

Each of these spil Lway components is described by
specific equations with specitic Llimitations. The user
should refer to Chapter 2 of the main report for a
description of these e.uaticns before he decides how to
describe a specific spil lway.

The sizes, parameters and coefficients required to

describe each spillway type are as shown on the coding
forms in Appendix B.

A-4
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Flood data

This data sub-set describes the inflow hydrograph by
means of a number of inflow points spaced at equal
timesteps from the start of the simulation. The input
timestep need not be the same as the timestep used in
computations. If the input timestep differs from the
computational timestep intermediate values will be
obtained by means of interpolation. The user should
therefore ensure that the chosen input timestep is
sufficiently small for interpolation to yield results
which are adequate.

Reservoir flood status

This data sub-set describes the reservoir flood status
i.e. the water Level i~ the rescrvoir at the start of
the simulation, the maximum water Level al lowable
during the simulation and the final water Llevel
required after simulation.

One data item requires further descripticn: The term
"analysis sensitivity" denotes a significant step size
(in metres) that the user requires on the storage=
indication curve. i.e. As the value of the analysis
sensitivity variable decreases, the number of the
points on the storage indicatior curve will increase,
This facility enables the u to calculate the
storage-indication curve in steps small enough to make
intermediate values, cbtained by interpolation,
acceptably accurate. This is an importanx
consideration for automatically control led gates,
especially if vhey open over a small range of reservair
levels.

Opition 2: Revise or view an existing data file

This option al lows the user to view the whole or part of an
existing data file. The data file or part thereof can
either be displayed on the screen or printed on a Lline
printer. The option also al lows the user to revise the data
file or parts thereof. Data are viewed and edited in four
blocks. They are:-

I Reservoir basin characteristics
i Spillway data
&5 1 Floo~ data

iVe Reservoir flood status

Note that there is no separate block for changing titles.
The uscr is given the opportunity to chance title one if the
reservoir flood status block is edited and to change title
two if the flood data block is edited.

A=5
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Data are edited in blocks. This means that an entire block
should be re-entered if that block is to be edited. The
program uses the same sub-routines to enter revised data
blocks as is used to enter a new data file. The revision is
thus also done interactively and al lows several data checks
to enable the user to correct input errors.

Once editing is complete the new data file is stored on disk
under a .:.lename provided by the user.

Option 3: Delete old data files

This option al Lows the user to delete old data files that
are no longer required. The user should note that a results
file is not deleted together with its associated data file.
Simulation results are stored on disk by CALC under a file
name derived from the data filename by adding ".RES" at the
end of the filename. I1f, for example, the run "FRED" is to
be deleted completely the user must delete the data file
"FRED" as well as the results file "FRFD.RES".

Option &: Display disk directory
This option allows the user to display any directory

available. This is useful for locating old data files and
also for checking space available on a device.

Cptions 586: Chain to CALC or PRES.

These options allow the user to chain directly to the
required block without physically reloading.

Option 7: Finish using program

This option allows the user to exit from the program.
CALC block
CALC forms a separate program which contains all the equations
and algorithms required to simulate a flood through a reservoir.
The block operates independently reading its data, prepared by
DATA, from disk and writing its results to disk, fur PRES.
The block will follow one of a number of possible calculation
procedures to suit the particular spillway configuration
selected. An overview of the decision tree is given in Figure

A=2. Two basic algorithms are aveilable to solve the volume
balance. They are:

- The storage=indication method and

- An iterative search technique using a decreasing increment.



SPILLWAY CONTAIN
MANUAL COMPONENTS

YES NO

THE SPILLWAY CONTAIN
NON-MANUAL COMPONENTS

DOES

- W e

MANUAL COMPOAEN

USER OR PROGRAM

CONTROLLED
?

PROGRAM

USER STORAGE
INDICATION METHOD
OF VOLUME BALANCE

ARE THE

MANUAL COMPONENTS
USER OR PROGRAM

CONTROLLED
?

PROGRAM

i

USE ITERATIVE
SEARCH TECHNIQUE
FOR VOLUME BALANCE

|

USE PROGRAM GATE
CALCULATION ROUTINE BASED
ON AN ITERATIVE SEARCH

TECHNIQUE OF VOLUME BALANCE /"

|

USE PROGRAM GATE
CALCULATION ROUTINE
BASED ON MODIFIED
STORAGE -INDICATION
METHOD OF VOLUME
BALANCE

USE MODIFIED

5TORAGE - INDICATION
METHOD OF VOLUME

BALANCE

OVERVIEW OF DECISION TREE FOLLOWED BY CALC. BLOCK
TO DETERMINE THE ALGORITHM TO BE USED

FIGURE A-2



A.2.3

Appendix A

Both these techniques are ful ly described in Chapter 2 of the
main report.

The program selects between the algorithms as follows:

- If the spil Lway contaiis one or more components that are not
manual ly controlled the program will use a storage-
indication method of v ,Lume balance.

- If the spillway contains only manual components an iterative
search technique is used to calculate the volume balance.

In ddition, when the spillway contains manual components, two
mett . s of gate operatior are available. The rirst is for the
user to operate the gates through a matrix describing gate
positions with respect to timé, and the second is for the
program to calculate the _ite operation.

Whern the gates are user contivylled the program al lows two methods
of describing gate operatico-s. The first method specifies a
percentage gate opening for eath gate at each time interval and
the second method specifies the number of gates open at a
particular time step end. The first method is useful for a
spil lway consisting of a few very Large gates, or of different
sizes, which can be opened partially, while the second method is
more convenient if the spillway consists of a number of smal ler
identical gates which can either be open or closed.

When the gates are program control led gate operation is
calculated, subject to user set constraints, in order to achieve
an "optimal" discharge curve. The program optimization routine
is described in Chapter 2 of the main report. During the
optimization run partial gate openings are not allowed. i.e. The
gates are either open or ciLose, The optimization rautine canr
also only be run if ali the gates are identical.

PRES block

PRES forms a freestanding, separate program which presents the
results obtained from CALC. The pruo s, reads the recults from
disk and then presents them on a regen or Line printer as
required. In addition PRES calculatc. 2»n¢ prints a short summary
at the end of the results. The summary Lists the peak infiow
rate, peak outflow rate, lLag time and percentage attenuation
achieved.
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Arrangement of program input

This appendix contains a set of data coding forms to be used in the
preparation of a new data set. The coding forms have been generalized to
allow for all conditions. Items marked with an asterix are optional and
should only b= completed if they are relevant.



(DATA_CODING FORMS]

TITLES

NAME OF NEW DATA FILE

TITLE 1 : Describes reservoir and its flood
status.

TITLE 2 : Describes flood event.

I
L
TITLE |
TITLE 2
| [
- i L f

RESERVOIR BASIN CHARACTERISTICS

NUMBER ¢ STORAGE - ELEVATION POINTS | Il I

STORAGE CONVERSION FACTOR
STORACE - ELEVATION POIN

ELEVATION (m) STORAGE

SCF BEEREEEE;

(m? xS F) ATION (m)

STORAGE (m? x5.F)




| Box Culverts
2, Ogpee Crest
j Automatically controlled weir

4, Manually controlled weir

3, SPILLWAY DATA 5. Manua.ly controlled high nressure outlet
6. Tuseplug
7. User snillway

NUMBER OF SPILLWAY COMPONENTS [:]

SPILLWAY OPTIONS REQUIRED [:] [:] [:] [:] [:] [:] [:]

#3, | OPTION m: BOX CULVERTS

NUMBER OF CULVERTS [___D:}

SUBMERGED
DISCHARCE

WIDTH HEIGHT INVERT UNSUBMERGED
LEVEL

ISCHARGE
(m) (m) (m) AWY :

. s

CULVERT
NO

* OPTIONAL FORM 2




oy, OPTION | 2 | ¢ OGEE CRESI

LENGTH  (m) SAEERTEWEN
INVERT LEVEL (m) EL[J.I_[I_LJ._U
DISCHARGE COEFFICIENT [[Lj 1.4 1ik £4 ]

3.5 oPTION [ 2]+ AUTUMATICALLY € ONTROLLED WEIR

NUMBER OF GATES [ I: I:,]

5 WEIR DISCHARGE GATE GATE GATE WATER ELEV.IW.E. AT
- [NVERT COEFFICIENT] WIDTH HE LCHT I'RAVEL AT START FULL
= | (m) (m) (m) (m) )F OPENING JOPENING
) m Sl W
* I ERY
A | Ly R 3
| 1
AR RN
L || B ?
2 mEas L1111} |
SEENE NREER |
----- W T O - - f
Lo ' wi
Y‘LJ Ll Bl st l L
BER 111 1 |
 mEE |
T T ‘ | l'
| | 1 |
8 T [ | } |
| | .
— +—4- T
o [ [T T |
10 i
11 _t‘ |
12 | T L
|
13
— ——
14
1%
F-"'d-' —
16
17
18
19

FORM 3
% OPTIONAL



* 3.4  OPTION [4] : MANUALLY CONTROLLED WEIR
NUMBER OF cAaTES [ ]
GATE | WEIK DISCHARGE SPILL GATE GATE GATE
No [NVERT COEFFICIENT JCOEFFICIENT] WIDTH HETGHT TRAVEL
(m) (m) (m) (m)
|
| I I
2 | |
] y BE B
3 ‘ ‘ ‘ -4
| | - | |
T . g J j l 1 1 $
: 1’ HEREE REEN ] ||
o ST A O A I . prEn
5 ' | ' | ] ’ | l I ,
1t — -+t
6 ’ 1 | | | | | | [ ‘ [ ] BER
+ .o " -~ +—t L] - ! el | | - l +
| T T BEB T TRl IT1
? 3 yane | 11
L - et it % i
| | | | | | | |
T 1 T | iy T rﬁ f ?ﬁr
' - - + - . - - —
10 | ; . | , } ‘ ? r I
T8 RRNERN SRURRE ANNARN RNNNNN RNRRRR RAE,
| { { | - 3 | i
l . —— - + | 4 % + : 7}— + i ‘L + %
12 ; i | - | | ‘ i i : |
- ' ! i = ge _§ !
11T 1 TT T T
l | | EAEN SN R
| | | *‘”4‘T" f - —t 1
i | | L 11 |
& i Ty T T TET T
15 i 9 ; x 1 ]| | | |
=TT TR et
16 { | l | | : | | ‘ !'
o 1t s - N - -
17 | | | | | | | | g
. 4 & - e i 4 L
18 1] | HERB |
19 ‘ | ‘
20 |
OPERATION MODE (U/P)  [[]
« PROGRAM MOD
DELAY TIME TO FIRST OPERATION (hours) LJ 1 1 [ l l [ [ 1 ]
MAXIMUM NUMBEK OF GATES OPERABLE AT ONE TIME [ ] [ 1 l | [ [ [ ri
MAXIMUM DESIRABLE OUTFLOW RATE (m®/s) [ ] ] [ T L1 Ed
MAXIMUM ALLOWABLE OUTFLOW RATE INCKFASE (m*/s) | | | TT T TTT T
*OPTIONAL

FORM 4




* USER

INDIVIDUAL CATE AT EACH STEP

. 7 OPENING FOR EACH
2. NO. OF GATES OPEN AT EACH TIME STL..
MODE
METHOD OF USKER OPERATION [:]
*[1] Z OPENING FOR EACH GATE / OUTLET AT FACH TIME STEP
) g T
GATE
| 2 ] 4 5 6 ] 8 9 10 11 12
| B I
+ ! —4 - T
; I l
2 1 I . | .
, ! | | l |
-1 — - - 5 |
| | | ? i | !
- - - —_——— + —t | + !
| ; ) A | I
£ | ‘ { | |
5 | i 44 | |
1 1 T = 4
)
6 | ! { |
T T 1 - 3 1
: s i |
! " I d i
g ERER 1]
- f"ﬂ““‘l" T TL
‘ . : '
9 | !
; == i
| |
10 |
I "
e |
e
14
15
16
1z
18
19 !
1 -
FORM 5

* OPTIONAL



* USER MODE

* NO. OF GATES / OUTLETS OPEN AT EACH TIME STEP

NO. OFf TIME NO. OFf TIME NO. OF

* OPTIONAL

TIME NO. O
GATES STEP GATES STEP 0 GATES STEP J CATES
| \‘ ol hl
—g- :
2 22 42 62 82
3 23 43 63 83
|
4 | 24 44 64 84
3 RIS . | 45 1 ] 65 + 85
] 1 T
6 YL 26 | 46 06 86
| |
7 | ] 47 67 87 4
1 T ‘
R | i 29 ’l ! 49 09 89
B T B
10 || 30 ’ 50 0 90 -
I ! ‘T |
11 | | )] 51 - 31 !
‘ !
12 | 32 52 Q2
T ! |
| | 1
13 L 33 53 T 73 93 ‘
14 ‘ 34 54 74 94
15 35 55 75 95
16 36 6 76 96
17 37 AL 57 . 17 97
18 18 >8 78 98
19 19 59 79 99

FORM 6



NUMBER OF OUTLETS Emj

—-*
OUTLET OUTLET DISCHARGE OUTLET OUTLET

NO INVERT COEFFICLENT WIDTH HETGHT

(m) (m) (m)
e f [ T
|

* 3.5 OPTTON E ¢ MANUALLY CONTROLLED HIGH PRESSURE OUTLET
!
|
|

—_—

3-8

% S s
.

vy SESN—— '___L_
-+

— ———

AL
— v—-ﬁ— — . — +—~4 ——

20 | “

OPERATION MODE (U/P) [:J

% PROGRAM MODE :

DELAY TIME TO FIRST OPERATION (hours) rT I J 1 l ! 1 ] l ]

MAXIMUM NUMBER OF GATES OPERABLE AT ONE
o (TTTTITTT1)

MAXIMUM DESIRABLE OUTFLOW RATE (m?/s) [ [ TI [ IJ I I I—]

MAXTIUIT ALLOWABLE OUTFLOW RATE INCREASE Ll l I I I Il I I1
(m?/s)

* OPTIONAL FORM 7



* 3.6 OPTION : FUSEPLUG

ELEVATION OF START OF WASH (m) [ [ ] [ [71 l lfﬁ[ 1,1

kLevaTioN oF spiLtway cresT m) [ [ [ [T T T T T 1]
LENGTH OF SPILLWAY (m) CTTITTITITI ]
WEIR DISCHARGE COEFFICIENT CENEEEE ERE

* 3.7 OPTION [Z} ¢ USER SPULLWAY

NUMBER OF DISCHARGE-ELEVATION POINTS [ | | |

_POINT POINT
NO ELEVATION (m) DISCHARCE(m? /s) MO ELEVATION (m) DISCHARGE(m? /s)
| 21
2 22 l
Elis 23
4 2%
5 25
6 26
7 27
8 28
9 29
10 30
|1l 31
12 3
il 33
14 34
15 35
16 36
17 37
'r 18 38
19 39
in i

* OPTIONAL FORM 8
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. FLOOD DATA

ERENARNERE
Ll vt i E L

NUMBER OF INFLOW HYDROGRAPH POINTS

INPUT TIME STEP (HOURS)

INFLOW AT START OF SIMULATION (/) (TTTTT1 T 1]
gz INFLOW (m‘/s)Tgl INFLOW (m? /s) zz | INFLOW (1 /)
N 22 42
2 23 ] 42
. N | nEe vl %
2 _L 125 45
6 26 v - 46
7 27 47
8 28 48
R 29 0
10 30 50
el 31 | - 51
12 32 52 !
1 T
13 13 1 53 i
L 34 Lr 54 |
16 16 "
17 37 57
18 18 58
19 439 ik 59
Lo o |

RESERVOIR FLOOD STATUS

WATER LEVEL IN RESERVOIR AT START (m) r_I—T_jr l l I—I.]~—r“]

WATER LEVEL REQUIRED AFTER FLOOD (m) FESYREMEEN

MAXIMUM ALLOWABLE WATER LEVEL puring ¥roog | [ T | [ [ [ [ ][]

m
ANALYSIS SENSITIVITY REQUIRED (m) oy LI LLLLITITTLT]
TIME AT START OF ANALYSIS (hours) HEErESERER
COMPUTATIONAL TIME STEP  (hours) HEEGEEEDEN
NUMBER OF TIMESTEPS TO BE ANALYSED HERINENERN

FORM 9
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Flow charts

This appendix contains a Logic flow chart for all three blocks of the
program. The flow chart contains none of the equations or theory used in
the calculations. For a detaiied description of the theory see Chapter 2
of the main report.

C-1
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