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ARSTRACT

Sersitiviry analvsr waz carrd our for the Bafial
arsd Manming formukae « the mosr popufar equa-
jrons wted for the design of pormwater deaimge
sysiems in Ghaire The Renen Period and the
Runeyff’ Cewfficient wern the Impui paremdiers for
e RBmiama! Formile! He  Chronel  Slope,
Manaimg's Roupliess Cosfficioa e Depih and
Width af 0 comcrete U-drain formed e oapar
parameiers for ey Mfosueiieg s Egpeari i, Thev resalis
reveaded tiad tee Redaova] formals @5 mane temitine
so changes in e Rurol| Cozffic tent tinf cquivalen
percedtage chonges i Redion Perusd Fov ife
Menmimg s Expoaraon it war e ot e olinanc!
deparis ard’ civameel widié have morg frrednsansesd
il o e careping cupacely of v ¢ Mg
the g and rougless conficoear. Nevprtieloss,
chanpes i the performimace of o carnel due e
carges ot posagheess cogfficienn aud the doge
were fourid vo B verv significam. Brsed on s
resiliy @ Nbruig. Forom mendarit (3 e for
ceptelier npnrderance af dories

Kegwrardy: Rwvorad  Foesuchs,  Manmag's
Evpamirans, Senvarieniy Asiafy s

INTHRODCCTION

As o par ol Ghana’s -Stwdoersl  Adustnanl

Paugramien: {3AF provisian has oo aice fiur e
ceparsion aimnd upprading of e necessary ifra-
sipaclare i the urbaw ancns of the coantry. Of
particulsr inapuriime lo tho Stidy o the e
tion given b the necessaly Lo nmpeove bpon th
stommvaater dralnsge systems in Ihe nuajor Cilics amd
boadis 18 Ghana. This ias been domossiimied by b
projects exccwicd umler the Urban 1, Lirkas izl
Uiban 1 peojects. The wpgrading has  becguiing
necessary becawse diains and scwers boill sevonml
decades sge have brokea down, o 1bciF CApLCiles

[cwu. ENGINEERING

bave become inadequate [or the eapamding urban
enviramamenl

It is an undensibie fact that the cost of wpgrding
the perfommance of (he existing stormwaicr drain-
age systems is @ significant proporian of ibe tital
wrhan uppmding expenditie. The developmest of
al Eppropriate stpncpy for sobving these dminage
problems is therelure very poessary, and roquins
gzrefal planming a1 8l bevels of the pasject i maxis
1 L] I'fﬁl&.r\'iﬂ“_:l. an: fin b |'...l.|.r|l:l:'lj. Thas calls alsio
for @ poresponding serinas mescanch infa the suhject
af slopmeater dnisage - sysiems ot B madel
formulaticn stges: & the aporation sl oais.
nance levile

A updy of sionmrwater deainage desigas in Dhans
revpals that, for mest af these desigie, the bvdo-
Iegsal medel emgployed 10 esbimating the design
flovees ia the " Ratioial Formula®, el the Ryilraa-
hie mesled used for sizing the chansels i the “Man-
ming Gquation”. These eguations willl Cratlizee W
b used for urham slonmwater drigape syl (o
Bl Benee B0 Comnie

The effoctive use of these Twir ol depesds
i Th dgEuracy weith which the vamses -
bor i cach farmala ate detenmecd. Als g
Banl ts 3 keeradodpe of how ibe sl skt i
the melafive l;,']|t;|-gl'h. af The vareius |'I-1r-l|'.H,'|li':'h; 1hi=
will pid in the ¢ boece of The jonpal feruscles and
|||.-|=| 14 ik |_|r|.|_';:|l||.'||l. miwd waimlesaiice it
deminage sysiem The abjechive af this shady 1
ibertloze b emplioy svisillvity anzlyai By dowe-
il the mhusliessop olheradue ol These ugban
druinape Tonmiloe B relaive changes of ik comi-
mavh pasametcrs ascd as inpats. This study will alia
frveal thost parsineiens on whick great enaplasiz &
i he disccted i urbas stmpreaater dmsage nel-
wirk rehabilitation o achicve maximm ¢ Mickeney
and savinps,

FHE DESIGN EQUATIONS

Thic Ralzonal Fomeala.
Basacally, 1T ratvnsal ":.;I-qh“]_.cquuihl;l e hand ‘1.
:] elates raindall ||||,.g;\-||_-.,'i|'=,'I & mapaal F ococtccenl, andl
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druimage area sice b the peak ruan(l mtc. This
relstineship is commandy expressed by the egque-
Linm;

Q = KCIA o]
whem () = the peak nanall rate ('S5}

K= cunslanl which depends on the
undis of 1 and A,

CE munafl coefiicenl

I= mindall idlerciity (o)

Am total  sres o ooninbution oo
{heciares),

The Manning's Fyostion

Fobert Mamng pecicnled 8 fonnuls |3, which
was latcr modificd & s prosent well-kewwn funn.

0= :xMrﬂ i
here s Driswhasgy m ehansict dintis)
A Careon opclivnal arta ol chaanid
(=)
R= The Bvdraslic mibivs ()
= Slope of the ¢nergy line (m/m)

0= the coetiicient of reighinss, spe-
cilically kionw as Manndeg's n.

Oraving 1o its ssmapliciny of loon sod 10 ke safisfa-
tory results i gives inopradtical application, (ke
Manning formula has beoome the most widely wied
uniform = [low [oreuals fisr npclhul'nl.lrlsi'l vy
mpumi:m.

SENSITIVITY ANALYSIS

Diefimitlor:

By definition, 3 sunsilivily analysis shows the oo
of change of gae factor on amihee (4] That is,
sensibivily analysis cxamines the effect of changes
ia mode] ipputs and pacgmeiers on the vabses ol ibe
made] omiputs (and the reveus fEsciam wlere
mozetary values ase atlached). B0 otk ouepuls
change very Biftle with perturbations in the inpuls
and paramselors, thew al the planaing and design
asges the cocllicients and inputs in the disign
epastion for the sysloim may be guile appaoximaic

It alzo implies that doring the pperation slage, any
anuall chamges in the tnpul parameters will nat lead
to significast changes in the outpats, O tbe - other
hamd, il the response of the misdel shows a huig;h
degeee of scnsitivily 10 Changes i 2 paramelens
and inputs, these cosflicients and inputs must be
detcrmined  with, souch  preater wocumcy. .ﬁ.;.:i.n
changes in i design parsinclens durning the opera-
rion dage will fead te alarming outputs, There is po
point i carefully gid sccumbcly oblaising dats far
-rrh_lh]ml:jpd. that &xa be' skawn o play liltlepart in
the Jial analysis, awd vice versa,

Semsitivity Analysls applicd fo the Rational

Formuls

in using e Ratemsl Fonoula foe disige, the
paramciers which have a high degree ol subjee.
fivily in thesr detenmanatasn are the Raialsll hbconsi-
fy, L and the ool cocflicient, ©. 0 s aleavs
pussible 1o delenmine the calchimenl Jres with a
wiery figh degree of acouracy.

The eaznfall dmcasity & dependent on the Roiwm
Peperd T, and 1he time of concemtration, © This:

I = ATH i)

where T and | have the umits of years anil fiiaes
pespectively. Analysis of the Ghana Molcoralagscal
Service Faimfall Imlensity - Duralicn Fregueocy
curves papularly useild Jor degign ia Ghasa had
rewezled ksl these curves sie mclatively Dan for
walwis Bl 1=k E he Lo | howr - the FaBge il walues:
ru:mrrnunljr esoatenyd for the ushan Calchmens i
Ghapa. This Rategss showws tbal | s relatively
lncnslive Iof 1 hr s 15 8, N p..q_;aq'n wiarlh
ataiieg thar wo-sledies appear o have boom un-
ducied b detenning il Bt cquation [or | thal is
measd sudlahle for cur Beral copdiivies, Heomoe we do
net koovw that rough csibinsics ot will asolt in
misderdesapn o averdesign of our webai drain:g;-
simariares Thus, #oig the delcnmnation of T, the
rebum peried, which is exposed o he adesigoer's
judpgenwent. This 12 =0 bocagse T iz depeindenl un
ilie J-r.'p'igll-l:'l"i amumlxulu_rliu: ulqul:.' W OO
value af e cuibeneaf, gixl this af peesenl. wovery
sabrjrctisy,

The sl coe Micicsts depedent v e degree ol
inpervisusness and the shpe of Ik calchioest.
Even though this paraiscier hos hoen suibicd fur
suane cabChuses i the developed countrics  asd
widkely quused dnthe approprinte beasks, ostimating
this value for Ghanaso catehbisents is veey seljee-
Live hecauoe of the absenie of sy comprehensive
stindirs o thie subect B the cusneny

‘ .
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I what Foliows, sensitivity analysis of the Ratuonal
Fonmuly will be carried oul wsing only the Relurn
Persod and the Bunclf cocilicient because of the
inherent unceraintics in their determination. The
Subin Valley Drain of the oy of Komass will be
used for the analysis.

The Svhin Valbkey deain receives surface runolf and
wasle water (roan bt tws-thinds of Ashanti-Mew-
Town area, half of 1he Methodisl Mo ares,
parts of Mbrom and Monhyia! Ahinbolioans sreas
of Cenlral Bumasi. It is o fully built-up ares ol
mostly residential booses, The fopopraphy can be
described 25 moderatzly sleep. The tatal ancs of the
catchme is estimated as 40 hectares. The design
area is the “Suban Valley™ which is 1o be converied
o a Lorry Park and Light Comenercial sctivities,
A drein of sdequale camying capacily is 1o be
provided o cope with high “discharges that are
expoctod,

Substiating the value of the carchment. arca, A s
A hewtares, and Bo= 17360 in the Ratienal Formals
as i equation (1], the fellewing simplificd geperal
equalion was oblained:

- (4
=3

For a given return pericsd T and the extinmied lime
of concentration 1 from the estchment, o was
possible 1o determine the comespoiding valee of 1
from the Ghana Meteorological Seevices Rainfall
Intensity - Duration Frequency Cuerves for Kinnast.
Thc analysis was subscquently carried oul Using 1ae
following equations based on equation (4]

cd 4}
f.?..tJ - T
<, b
":";, 'E
whens ) = Calchmenl discharge for & par
ticular walte of coelfliciem O
where (] < © = 0.9 ond keep-
ing I comstunt,
Qf »  Catchment discharge for a panicular value

af resrm period, L keeping © constant,

T = & 10, 20 30,50,

The catchmeint area and the lime of conccmpation
foe the catchmtent were kepl constant dumiog the
caleulation of the above discharges, Table T shows
the expected discharges from the Subin Wallew
Catchenent inta the Subin Valicy deain with reapedd
to changes in the Retum Period snd the Ruaoff
CocfTicicnt,
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Sensitivity Anolysks applicd te Monning's Fqua-
fhirn

The commonest 1vpe of channel used oy frans-
porting arban stopm water in Ghana s the concree
Usdrain. This s either covered or opea. The
Marning's Eguation is ased in delenmnimg the
dimensions

af these dmine. The carfping capacitics ol Lhe
clannels are therefore Fixed by the chosen dimen.
sivna for the draing, The inptil faranciers s the
slnpe of 1he channel, muphness coelfficient, the
depih of 1he channel and the widih of the chaonel
represented by the symbails 5, B, d, and w orespec.
tively. Sec Fig. 1 fof a Iypical section of @ Usdrain



A Typical Seceiom of @ Coscrers
& -Drarn.

Eig. 12

The disckarge, O, of the Udmin, wang Manmig s
Equnlinn. 13 g.i'.'-p-n F

g} M0 IWIP oy 5
» @dosTe®

The sensilivily aoalysis was peelornsed o sguataon

(5} by prrans of ihe lollewing eguation
&, Rl
ﬁi ql

LY

Design discharge 11||.".-5_|-

O juep = Discharge resulteg from o chape of
paraniéeer 3 By & fiaclivn a8, (m Ak 0 <k«

L dhig stody

2w Lavss o0 gaia in chanoel camying
capacity &8 a roawll of change of
magniticde of i by x while mber

parriers are Kept cumsiaal

The patmipddess wod i the aialysis ane poow sisd
& as delimed alresdy. For the sake of this slady
svpoical desipn values wete given fe inpel parsie-
bers, These aoe me N3, = [0k, d = L. 8m and
woe B, Fig 2 oreprescns, in s prphical funi

T R

L] L] - ar u - -
WSELEN W AR W

Frg. 2 Kelativr Leis tn Chapael
corrpimg  capaciiy WM T
Belaties Chuges %0 (8 Chasac!

Poramerders. 0, i w and o 015

the resslt of the analysss. It shows tbe wlative loss
in ke camying capacily of the chamnel &5 a resalt
of lractional ehanges in each of 1he parameders
while the others remasn constant,  °

DISCUSSION OF RESULTS

The results displayed in Table | show that the
Raticnal formuls is morr sensitive o changes in the
runel fcoefficient than the reium period. This result
i unporant because, in prachice, much e
importence is often paid 1o the refiim pericd than i
deserves

From the results it can be seen that & 1005 in
creast b Mhe retum penod wall ml resuli inoam
average increkse of citchment dischsrge of amore
than % On tbe olber band & 1005 increase in
the coefficient leads 80 2 concsponding 100%
imcrease in the catchment dicharge, The high
sensitivity of cxchnsent discharge 1o changes in C
calls for effons 10 determibic dcourately the O
walues for owr catchunents, especizily erban caich.
menis which are proee o fegquent foods These
days. Most of the main storm deaisge chamels
sereing odr cilies were desipned when the comnh-
uting calchmepas wero nod urhandeed as ey arc
tediy. Bapal wrbanization sccompanied by an
IncTesse il he pl'ﬂtd areas has peswiloed 1a COTe-
spomling increase in the nanafl coelficicnt which s
wore dhan T00% i many cascs. This pardly ex-
Plains dbe inabilily of the existing draiss 1o cope
wilh she slorm rapall,

T reverse this dremd in Bhe dictease in runodl
coelfickent an the urban arcas, # s recommeided
that the serroundings of many residential arcas and
open sgeces be prassed instead of boing paved wink
ciferelhe. Qiber measapes which will emcoarage the
infilimtion of suglace runalf ingo tke pround sBowld
L ressanched inso

Fig 3 mepreseats inoa graphical lomms the responie of
the Manning's Equation lo changes (o ik main
paranmclers, nad, and w.

The reaulis shesw (bl chianges o the cfoss-sectional
sren of the drain reprasented by doamd w l6ad 1o 2
high decrease i the corrving capasity (he Channel
Fur t:ﬂmpl; a A% decrcase i d resuls inoa 5%
decrcase of (he carryeng capacily. In pracivs thes
decaeases w d and w obvar ke fone ¢f salistion
of dmins, CAVEIE i ul sides of draig ey road
sided, efe. which are commom siles in our uchan
o KPS

Even theagh smaller in napnitude, the oss
cafving capscity of the concrole Ul-drain dug 4
changes sr' S and n are very sipntfacant. Am oo

:"5 Il of ahe Himvgreiy af Sosiilee Testmnvingy, Rwmona Wiligw 1% Sumbes -3 & 3, 199



crease of the value of n by 4D thai i from n
= 0013 ton = 0008, will result i 8 decrease ol
about 30% in the design carrying capacily of the
channel, A value of n = D018 pepresents the n
valise of & very rough scoured concpele surface - a
common condition dn owr Udnims. Witk the
vafious items commanly dropped indo dmins and
weeds growing in them, the valve of n has often
doubled in many drains, thus resulting o the
decrease o pedformdnce, aven fof dmiss whise

| cross-Aociens bave pol been reduced.

Flaticning of invest gradients of chanpels due to the

deposition of silt and mobbish in drains 5 2 com-
mn scene, This phepomenon can alie happen
when there is scouning ard erosion al the wpstream
end of the channel, where Fradicals ane stecp, aed
sabsequent deposition # the downsiresm snds
where slopes are Tlat, The relavtive loss i perfor.
mance of the chennel i shown by the curve
Fig.2 labelled 5.

Itis wonh noding thal the relstive foss of ihe
camrying Capacity of the channel due fo he coun-
bined effect of chauges in all the pammctes nsd
arwl w by 200 each is a5 high az 82%, When il is
realized 1hat this combined effect s common in
praclice, ¥ is not surprising that wsany daage
sysloms in oar urtban arcas arc perlomisag below
thear desegn capaiegs.

Thes @nalyses shows (sl egulsy mambenance of
drains iz @ very elleclive means of draining our
urban centres. Repular desifting of choked dmins,
pood reluse managensent (Lo prevent rofuse Trom
i:-||l:-:'|'i.n!: drains), p.lll-l:hins i fentned avens asd
sides of dmns, removing of weoods, amd Fepaineg
bruken or cavod-in drains am vy cost-clfoctive
ways of mandaindng very good pedformance of
slorm drains in oar colics,

Duspaie the fact Whal the analysis was perfonoed
mi“;g " F.H'I.H,'.I;I'II-I' calchmenl and Innll:'l:.' for ralio
el [omsuls, sod 9 chosen UWednin with givens
waloes of n, amd s, for the M:l:m:ing':. Eapuatiom, i
sl be onoied that the cosulls foblow the same
peatems of response when other caichments and
drsin seolions re subjooicd 1o sensitivity anslysis,

COMCLUS TN

B is po sccret dhal cven the ardinary mam o the
strect knows That choked amd selied drsms copstis
fule major drainage problems inour cdlies, Whal s
nol knrwen b5 the melative magniiudes of ihe ooaia.
buins of ibese delects o the poor peronnance ol
ik drming, This sbedy has treed tn asalyse the [wa

mizin equalions used in tke design of Ghana’s sionn
drainage syslems srd bo boing 1 light the guantits-
tive pesponse of (hege equation te relabive changes
in ik inpul paranEler,

This study also has revealed dhat. rouline maiale-
Eance o very elfective way of apernng an
cfficient stonm drainage sysiom in ouf Citiss

Finally ibe relative imperance of the monoll coclfi-
chent and 1he retem peraod da 1 he Retions] fonnola
has beenBrought o light. e s
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