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OVERVIEW OF COMPUTATIONAL SOLUTION USED WITHIN SPIDA

Introduction

This short note is intended as a supplement to the course notes and
explains the structure of the flow solutions and their 'operat.inn within
the simulation part of the SPIDA package. It is not intended, however,
to provide a detailed description of the solution techniques used to

solve the St.Venant Equations. 1 the model it is not necessary
mention of the solution

techniques was made d se notes (HRL, 1987) in

which the theory behir

Initialisation and
In order to analy or f1e ey it U SPIDA it is first

el. This is done to

necessary to initial
ensure that their is VIR aTIah A of Lhe system prior to the
analysis of an event. ' ;

=

of the solution t.aeﬂumﬁﬁ '

18 a‘_ es depending on the
time of cum&nt.rat.innjr" s r @ requires only a small
initialisation period) a'pd with a t.lme-—st.ep of between 68 to 1280 seconds

(steeper catcﬂnt! fﬁmgram will then
try to attain angini Mﬂim. that is one wlmm. the change
in water i vT ep is wvery
small. la:ﬁmm imzl m ﬂﬂa ller than

DHXMAX amd DQXMAX set-up in the SRTPAR.DAT file then the initialisation
phase will end. If during the initialisation period the program doesn't
reach this point but reaches the end of the initialisation period then
save the current state <F4> and proceed with the simulation (see notes
on problems of convergence). If the run fails then it is necessary to
carry oubt certain checks and modifications as detailed in the notes

concerned with problems of convergence.
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When running the f1ile SIMPAR.DAT is used to control convergence of the
flow solutions. If problems are encountered during a run then again
certain measures can be taken as detailed in the notes concerning

problems of convergence.

Structure of Flow Solution Algorithms
In both initialisation and running, the program iterates and halves 1its

time-step to try and nt.t.nin - solution when propagating a

system oaver the major & ' ln the control parameter

n which this is done.

screen. The Pullwln{?
If a time-step of _-.u.yr _ - pre gﬂun tries to propagate

the system at this every i{teration the

values of DHMAX end values of DHINT and

DQINT within SRTPAR.DAT {PAR; AT depending on whether the model is
its initialisetion phase o e . If DHMAX AND DQMAX are

smaller than these values ds to the next time-step.

o as i |

If the values are larger, tﬁm iterates until the values are
—-,laf,l;:‘-"fl =

smaller, or the mﬂmmﬁf \ = ﬁmﬂuatap, MAXITS in

SRTFAR.DAT or SIMPAR-JAT 15 resched

If the latter event oe.c?s then the mdnl halves its time-step, in this

case to 3@s. ﬁ@ﬂﬁﬂ%&tﬁ]m to t , _. The

iteration pruoaﬂ nues until DHMAX or DGMAX is less than the

= ATy S - -
limit t.l% ja Elcm e A

t.n. Again the model iterates and halves {ts time-step in order to obtain
a solution. [f the model cannot obtain a solution at this time step then
it may halve the time-step now to 15s. Again the model will iterate =a
maximum of MAXIT times. The model continues until either the program
reaches t_ or the model halves its time step a maximum of NSTEPS. If it
does +this a solution can not be obtained and the run fails., If this
occurs consult the notes concerning problems of convergence. When the
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program reaches t_ then the model will revert back to the major time
step of say 6@8s and again goes through the whole procedure again. One
word of warning — if a very large design storm i{s input into the model
and the program appears to be halving its time-step a number of times
then 1t is advisable to change the major time-step to & smaller valus
as described in the notes on problems of convergence.

PROBELEMS WITH CONVERGENCE OF

1. Initialisation

During the initialisa will run until one

1) The flow atifing af seady State and thelmodel transfers to the
Control P reqli’did a rainfall or flow event can then

i1)  The flow does naf atfsin = steady skate but the initialisation

period (e.g. 60 mi finished. This may happen in the
case of yst where . sperations occur. In
this casé ‘Gontinue |with the analysis.

However, AW = 3 nliﬁtlm state by pressing

<F4> and uvhae‘ the state to u. file with an extension of .SPS.

e G, Yo om e

screen is r-ennhedl

mmmzm’nmm s )

Parameter screen.

In the case of iii) there are a number of options. Carry out the checks
and trials in the order listed below and eventually you should attain
ane of conditions i) and 1§), that is obtain an initial state.
i) Check that pumps and control-gates are set correctly in the
+S5D filey
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ii) Check .?Sl’.‘l file for errors in data entryj

iii) Increase dry-weather flow either in .DWF if using a global dry
waether flow, or in .PRM if using local dry-westher flow
values - the solution technique works better {if the dry
weather flow has a depth of approximately .1 of the 1link
heightj

iv) Within srtpar.dat file increase VOLMIN between 10. to 48.

h

This acts to dampen tr VV hydraul ic waves which may give
' rise to non-convergence /

v) Increase DHXMAX and BHQXM? ;, +019 and/or increase
DHINIT and & i hose varisbles are in

srtpar.dat
vi)  Increase thafmeyfmn/ptmber o MAXITS in srtpar.

If all of this fails comsult HF I, dets your system and inputs.

2, PRunning

When running a _ At ts age possible to obtain a
failure in the run. : s such as incorrect
data which needs to that can be made

to try and obtain u"ulut.iun are, &g‘a‘ln in t.h& ‘Grder with which they

" AU ANANEWEART e e

made in data entry. CHeck especiglly the defifiition of
FRANI AR VAN LA s conten
iischnrgefhem—discmga data contained within .55D filej
ii) During a run if it becomes obvious that the program is having
trouble in converging end the dats has been chécked to ensure
it 1is correct as far as one knows, then it is possible to
interactively alter the time-step of the run. If, for example
a large design storm is input into the model and the program
halves its time-step a number of times at the beginning, then
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both to quicken up the program and to help it obtain a
solution reduce the tlﬁ-st-np for et least the rising parts of
the hydrograph. This may be done by pressing <CTRL 1> once and
then pressing <F2>(to go beck to the control parameter screenj
marked PARAMS). Then the time-step can be changed (do not
alter results time-step) and the sim:lation can be re-started
from the time it was left pressing <F5> (CONT).

1ii) Increase DHINT and DQI T  jinpar.dat from .005 to .0@10;

iv)  Increase VOLMIN ‘im si &Foom 1.0 upto 48.8- however,

doing this
v) Increase tHE nunbe ; ¢ =it \ in simpar.dat from 5
to 10 or-Morad- £ woided if possible as the

e \ tically increassed in

1 relevent details, such

run-t ime
doing this.
If the run still fails tije
as input files and time o

120.0 .
¢

SAUEINENSNeINg
W ah I INgaL

@.75
This file of parameters is SIMPAR.DAT it is used to control the analysis

of the flows in the system. Another file SRTPAT.DAT is used to control
the initialisation of the system.
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The parameters in the file aret

The definitions of the

RUNDT

DEPMIN

STRTDT

SRTMAX

TOPTIM

NHALFS

MAXITS

NSUR

DHXMAX

DaxXMAX

RUNDT DEPMIN
STRTDT SRTMAX TOPTIM
NHALFS MAXITS NSUR
DHAMAX DQXMAX
DHNIT DGANIT
BOTOMH BOTOMG

The default #¥WEsL 0 '. This value can be

The minimum @épthd of Moy which is permibted in the pipes and
: ' accurate, but a =mall

negative value “alculations more stable,

i ation.
d. See SRTPAR.DAT for &

but give smal
The wvalue in
definition.

_The value in this~ File is'7ot used. See SRTPAR.DAT for =

definition.
The wvalue ﬁau SRTPAR.DAT for -

definition.

. ¢

The E]

convenr :
ations whieh is carridéd’ out to try to

?i:ammsmmamma s

nnmrar-l‘em:u easier.

The number of times the timestep iz halved whenever there are

halved to ocbtain

pipes or culverts in surcharge in the system. The usual value

is 1.

The wvalue in this file is not used. See SRTPAR.DAT for &
def'inition.

The wvalue in this file is nor used. See SRTPAR.DAT for a



DHNIT

BOTOMH

BOTOMQ

VOLMIN

THETA
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definition. '

The value of DHX which must be reached before iteration for one
particular timestep is assumed to have converged. Note that
during initialisation & much larger value is used at the
start which reduces to this value with time. This wvalue is
reached by half of the initialisation time.

A weighting factor used to calculate DHX. DHX is a weighted

measure of the maxi in depth at any point in the

system. It is

DHX
Typical valua
A weighting

measure of ¢

DaX is a weighted

de abk any point in the

system. It {1
DA%

Typical value off BgTGMG

The minimum ple This gives some demping of

riding some attenuation storage.

and channels in the

transient hydraulic Piows bo

The value ﬁl '71-’5)' :

The time wei erence scheme.A value

of 8.6 will :i;n the most aucurut.a results, but a value of @.75

will W?ﬁﬁ alﬂd?ﬁ Hﬂ]ﬂ?ar solution, 0,75
fgmaﬁmmum'mmaa

1280.9
5 L] 1
9.085 0.005
.10 @.108
1.2 1.@
1.0 1.08

This file of parameters is SRTPAT.DAT it is used to control the
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initialisation of the flows in the system. Another file SIMPAR.DAT is
used to control the analysis of the system.
The parameters in the file are:

RUNDT DEPMIN
STRTDT SRTMAX TOPTIM
NHALFS MAXITS NSUR
DHXMAX DQXMAX
DHNIT DGNIT

BOTOMH
VOLMIN

The definitions of t

RUNDT The value
definition. ‘ L A%

DEPMIN  The minimum | o ermitted in the pipes and
channels <m>. 58 I_ ha mc t..ucmwt.u, but & small
negative value : a culnt-.lr:ms more stable,

but give small vat.ion.

STRTDT  The default time
changed when the prosram is rul S pic: 60 to 120 s.

SRTMAYX The default & for running the drotigt L;. ion. Typically 20

falisation. The value can' be

TOPTIM The time ave nhlch f‘imrs and level rols are introduced

ﬁrﬁ m works best if

the :‘@w Hﬂ hllfljam ntally. This
should therefore be set

e ama»mmw AINYIRY: o tne
mnvergsnce during iteration. The usual value is 5.

MAXITS The maximum number of iterations which is carried out to try to
obtain convergence before reducing the timestep to meke
convergence easier.

NSUR The number of times the timestep is halved whenever there are
pipes or culverts in surcharge in the system. The usual wvalue

is 1.
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DHXMAX The value to which DHX (see definition below) must reduce for
the initialisation to be assumed to have reached a steady state.
Typically 0.005 to 9.01.

DAGXMAX The value to which D@X (see definition below) must reduce for
the initialisation to be assumed to have reached a steady
state. Typically 0.005 to 8.81.

DHNIT The value of DHX which must be reached before iteration for one
particular timestep {s assumed to have converged. MNote that

m lue is used at the start

This value is reached by

DANMIT The valus of ¢ 2 iteration for one
58 \ \ sryed. Note thet
during initia i E 1ol ue is used at the start

‘\ \! is value is reached by

BOTOMH A weighting f o caleu _ JHX. DHX is ® weighted
measure of the o n depth at any point in the

system. It is ce

Typical valu F
BOTOMG A weighting " used to calculate ﬂ( Dax is weighted

e T el

&Wl-ﬁﬁ-ﬂﬁ@d TRIINYIA

VOLMIN Tha minimum plan ares of a node. This gives some damping of

transient hydraulic flows by providing some attenuation storage.
The initialisation converges quicker if there is not much
storage in the system. For initialisation use 1.0 m".

THETA The time weidhting used in the finite differdnce scheme. A
value of 1.8 gives full forward weighting and therefaore fastest

convergence during initiaslisation.
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VARIABLES

USE TIME
STEP

HALVING
PROCEDURE

-
NO

LEVEL 1

‘LJEI’JVIW]?&N N3

awﬂgm?mm AR a e

LEVEL 2 : TIME LOOP

gﬁ -1 TaseaFaTusuntunisawa’lu SPIDA



143

(_ IS TM'I; )

SET UP
LINEAR E
EQUATIONS —

- level 4 - .

- \
HAS - v : i
SYSTEM = =
CONVERGED 17 Y AT l‘lﬂl‘@
—— ] FAILED
_ S .

é:::':::_—_,—-—a——; YES

Coe
. £ WEARENTNEINT
RN INANINEIAY

NO
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