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CHAPTER 9

DESIGH 4D GALCULATIOR

seserated oysatem is adopted in this ocheme. The o=
werage system would be lald at the edge of roads adjacent 1o
the footpath., Some parts of existing syetem has stlll ueed
for the drainage system by the storm water is drained o
rearest mein klongs. The drainage system would be placed
andcr the footpath. By this way the traffic congestion is
elininated, A lot of money has to spend in these works con-
cezuently the arca under consideratlion would be emaller,
the area for this ocheme, 33 km2 15 congident.enough for the
comaunity needed which is ohown ia Figure 17. The septic
trnk has 9till utilized in the outalde of sewerage ares.

WATITARY SEWEIS

Acoording to following the ILitchfleld concept that the
sopalation in the meiropelitan area would hold in the limit
of £.5 million reopla, The Lapd Use prepared by Litohfield
for 4,5 million pecple iz brought for deaign in this echems,
Cigure 18 ushowWws ths separated area of commerolal, instituticn

ete, Population intensity can be found from Table 4.

isite of Treatment flant

It would be loczied at the end of Kleng Chong Honsi
' cod near Chao Phraya Kiver. This site considered very sule-
tably which the ressons are 23 followlngt—

l. It io close to the coasunity about$ 5.5 kilometres
from the oentre of the city.
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2¢ It glves miniaum nuipance for that site is in the
plentution areu,

J» Due to gelectod ares being in the plantation zram
00 the lend cost is rather cheap.

4. The salive water does mot influsnce in dumping %he
traited sewoge becauee 1t is far awny from the sea, The
dlstines from the community along the river ip very far about
13 kilometrey fron Memorial Bitdge,

Decipn Of Poreed Main
The ganeral princlple conoept required to convey the

waste water to seloctod sumps with pumps by gravity flow as
pousible ma it cune. The pump will convey the weste watsr

nte the forced main and continually bring 1% to ireatmen?t
rord, IV i very difficult to limlt the boundary of divided
creeds  If the divided area is vary lurge the sumps znd pe-
werd pust be dzep. Onr the other hand thae small area required
aeny wiape nd the ister 1s 14s difficult to select the site
of verious poap. Tho divided areas are ohown in map is about
% Uise kilometre, The locetion of pumps was selaected by golng
1o ~ed 1Y and considzming 1t would bo poassible to lay out,
The forced maln are usuwolly laid at the main roads and at the
cdgz of nain kKlongs. Figure 16 is showe varioue pumps and
forz2ed noln cevers,

lDa'l;E:rmine whe vouizned Domestic Sewsge

svercge volir conounption = £5 gapd

nZlmum Acily rious = 2xaverage dally flow
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= 2x65 = 1%0 gepd
1fxnax, dailly flow

1.5x130 = 195 zgepd
for industrial plus 15 % = 195x1.15 = 214 gepd

exlreme naxiouwa flows

i

Factors dus {0 wrong comneciions of ®torm water,
flaciuation of the population which de not follow the land
a3t of eity planning and other factors plus 20 %

= 214x1,20 = 269 gepd

donestic sewage = 70 % of water consumption

= . 70%X269 = 188 gepd
Eini‘il*hrui.itm nlug 10 % = 188x1,10 = 207  gopd
50 thil desipgned donestic oewape = 207 gepd
aprroxinstely =.4,95%0.W,F.

=0V 50 Jdelzet he Area for Calculetion

delected are. for the ealculation that is shown in
iiguzre 19 15 very suitable to represent 211 of sewerage area
beeause 1% includes commerelnl aroa, institutilonal area,
resitential sres :nd utility. florsover this service aren

Sioeonsiderasly satursted in the reroid of forecast, Lanes,

1Gordnn vio Oiy and John €, feyer, uater supply znd

agveviber Iispounl {lew York: John liley & Sons, Inc., 1954),

by
L e T

T AN

Evichai Pekdecdinden, eport om Sewerage and Jrainape

fiznosnl in Bengbok  (udnginoering Division, Department of

P © Gnuntgr Planning;
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%o standard and the alignment of
seems te bo under the planning by Jangkok Municipality

e similerity of (hedr lengthe such oo the length of
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For sewer under presauro using

v

Q{mgd }

Phraram 6 ropad
= DH0D metres
= 146 rais
= 287 "
= 524 "
= 300 "

{146x4+287Tx12+524

A

x46+300x50)
43124 .
= 207 gpd
= 43124%207 H
=,8,940,000 "

peraons

If

Hazen=-Williamo Formule

1,313 Cro.6330.54

0.279 cp2+67g0+54

WA B T -

i
“Gordon il #uir ane John C, Geyer, Water Supply and

Hmutoweter Jiunosil

. LY
NANE B PR

205,

(i'ewr York: John ¥Wiley & Sons, Inc.,



a0

rate of dilscharge in mgd.
dizacter of conduits in ft.

4 £ L
]

average veloclity of flow in fps,

ht/; = slone of bydraullc gradient, or loss
of head, hf in ft in & conduit of length 1 in
ft.

the Hazen-Williame cpefficeint.

o
1i

¢

In disign used the value of~‘c = 1%0 for uncertain
toncrete conduits (asbostos cement), Assuming that the
cavestos cement aewers can raceive with high resistance
2ven the velocity in the sewers i3 4in TEngs 55-10 fpas {de~
pend on the recosendation of sawer). Consequently deaign

eriteriz of veloclty must be im the range 8-10 £t per aeec,

when = {d,94 Zpd
try £ lg®
q = 0.279 032.6350.54

2.63
8,94 0,279x1%0 (%53 g0+ 54

J0e54 - 8,94
L} x x [ ]

= 0115
o = 018

41b1a p. 306.

1b1d p. €2,
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bo that head leos in plpe 550 metres = .OIBIEQG

= 9,90 m,
= ,018x550
1,318 or0+6350.54
- 1.315x13o{%§*0’63{_01530.54
= 1.318x130%,50x115
9,85 £pa,

«
I

2*99 mpe.,

Iliustrative computation for forsed main are shown

in Dabiv 16,17,10,

CERANPLE OB CAZCULA2TON 1N simscimD AREA

Beaign of Sewer aya,
Lengzth of zewer = 150 netron
Service gres (commercial) = 8,5 raig
Eguivalent population of commercial ares = person/rai
Totel vonulation = 8.5 x 46 = 391 Tersons
Phe designed domestic Bowage = 207 gepd
Tote:l sewapge which the Sewer reccived = 391x207 gpd

= ,125
fanning's Poroulg

v = 1,455_23/351/2

n
V= velocity
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Y = dydraulics radius

- area
wetted periueter

kutter coeificlent of friction

n

dor weleliy flovienz full would be fill in the range
¢t 2«3 Tz, und the ?minimum aetual velocity would be 2 fps.
Using the kutter cocfficiert of frietiorn is 026 fro fair
inuorisr curface of odusrete uower or asoastor cement sewer,
FL1Y9 mzover i reyuired for niniaum sewers to protect cloge
Jing in gewers dus $o the garbage did not grind such as
heaznn'y leaf, noper, branches cbc. znd decreasing the slope

Ir DLICLA 50WCG.

_ 14486 rE/Ssl/E

ror flecing {0l v

Tey d = gl0@, 5 = .004

ro= -?dz 77 4 = d/
4
=B = 4206
n = ,015 )
v = Loag6(.200 ;557(.094)'J rpe.
- 1'¢55fﬁ%%lx'ﬂﬁi £ps.
= 2.19 £29.

¢ = vi{velocity x cross~scetional zroa)

?L vClut sormitbec of Whe AbDerican o :ciety of vivil
Prglaesrs cad i Later Pollution Comtrol Pederation, Desipgn
a Gunotmebion o sonitary and 3torsm Jewers (The Amecrican

bouluiky of Givll ongirsers omd The Water Pollutlon Control

Joedernbtion 10007, we 135,



2
(10
219 x-4L (39

96

= = 1,195 ft3
% Y = ,105
é = discharge of flowing full
3! = dinchrrae of partiial flow

Hron Fijure 19=1, #zi:e 400 gf the ancd Tweter Supply

i HAIR and GBYER

& - V230 = 467
4 = depth in seior of parlial filow
V = velowdty in devor nf parti.l flov
o ddonetor ol cewer
¥ = veloeity of floving full
v = o 0Tx2.19 = 1,47 approx, 1.5, Use dia, = Alon,
S5.002 = L0004
Pioure 29 shes ko layout of wewers and direction

-

oL finw ol senditery powers in selected aven and illustretive

GOwenions 03 o ayoen of sonitery sewers are shown in

Fable LU Gn 27, Dilwwe 21 anieved the section und length of
RURALLEY Bowers Yiure 22 sewers ~dded being amitted 4in
gaioulalion,.
LSEED Anioins

Lho prardess of decdgn for the drainage Systca reguires

WOLR HLlougs wsing Toy Lolaing besins and open channels, Main

KLOGZE oot wvunulderss Cop using In design in shis schene

ALY NLoul Lo, Aty Ingedng, alonys Fhadungkrungkasemn,

Gaamnl dedshare o winBi.  The main sewers which

o Loy

2toBnel aonsiractes 1ngiosd ¢l Llons iua Loaphong iy combined
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inodouign fou thiu dwainazgc work also. These mailn Klonga
nre Goloevel begouszo of their wilidthe cre very lerze ond the
nesgeoldy o keep thea Lo vater tranioort. iloreover some
210555 amre the retrining 1l to proteet the bank, Gates
PG padr ave provideld 2t the end of Klongs to teke storm
Weber owy during roiny hours., It necessltates to find cut
Cisnsms vnzther they :on recoive the “iorg water or not,

‘hg g iaity or iiwst Storn

vhe Yrosiontl nethod” is Applicd in thia scheme,

“Rixvolanee hes shown that to yield satisfactory recults

ACy we abteined vhen properly applied, liore than 90 % of

o

“kuouanincering offizos thyr “ougacut the United States that

A

renllil G0 sucwtionsires on storm-sewer design practice and

ARALSEL52E the 2y o the potiomal aeined with setisfactory

wesus 5t Dor urson arainage wrea, Thougn the basice principles

Jy . F— ' !

Maoomia BCTROALL Dethed ore gopliendble to larze drainage areads,

st £eesy the zewczy o T prattice noint of view, geperally
Glailts s uas e wew ' srea of legs than 5 80. mileam,

iy

Pic

£
1]

Aniii: obe of runofd in efs,

£
H]

¢ = prunolf coefficicnk

[
il

a2 averige »ainfrll intensity in in/hr

A = tu2 dridnzsge arers in acre

VT T ol —

G.. .. o
191d pn, Sle32,
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Asoume the first atorm 1s inm the aree of 3% sq, miles

-

und VAo aver: ge runoff coceificient throughout the orea is
25 ¥Frea Figure 5 the intensity for 20 minute quration ig

Gelt 1mzhco.

9 o= W5x3,2Tn640%5 ofg
= 31490 "
or = 1,410,000 gal per min

WiZ YOLGE OF (ALY SLUNGY

Figure 23 chows the various klongs in ares under con-
Lidarsticn amé the crossectionsl aree of :long Lod, Klong
Ung=hingy lleng Paradungiooungiicen, slangz S52ihorn arce shown
in Tigare 24,

iy niuD

The lengih = 2350 metres
(rogs=sgciionul arez = (18x1-24x1x1)+18x,70 me
= 29.6 o
Volume = 69600 m3
= 69600x35,3 = 2,460,000 £t-
il OHG-LG
Tac length = 3400 netres
Crrasectioncl avea = {1l2x1-2x#x1x1)+12x.70 mE
= 1148.4 = 19.4 o
Volune = 3400x19.4 = 67000 n’
= 2,380,000 £t

2L9xG PHADUNGDRY! GDASER

The Lenath = 5350 metres
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LOCATION OF VARIOUS MAIN KLONGS
LOCK GATES AND PUMPS

FIGURE 23
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CROSSECTIONAL AREA OF 3 MAIN KLONGS
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FIGURE 24
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Crossesectional area = {21x1-2xfxlxl)
= 20416,1 = 36,1 n®
Yolume = 5350136,1 = 193,000 m°
= 193,000%35,5 1y
= 6,810,000 £’
ZLONG SATHORN
The length = 3500 metres
Crossectionazl area = {12x1-2x3x1x1)+12x7 m°
= 1148.4 = 19.4 n®
Volume = 3500x19.4 = 68000 m’
= 2,410,000 £4°

¥Yolume of mein klonga in Bangkok Thet cove first

3Lorm area

Klong Lod 2,460,000 £t
Klong Ong~ing 2,380,000 n
Klong Phadungkrungkasem 6,810,000 "
Total volume = 11,650,000 £7

If using the pumps during the storm peroid at the
enc of Klongs it assumes that these gain klongs would atore

the ctorm water about 1 hour.

It

Total ?alume/hr 11,650,000 ft?hr

- 11,650,000x7.48 .\ oo

1,460,000 1,410,000

i
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gSRI-TPLB QF CALCULATION ZPCR BY0NM SEWERS

lizyout of sewero ~nd direction of flow shows 1in
Figure 25, The lociation of lock gates and pumps for dralpage
3ysten sre shovm in Figure 23, The sample area select for

vtorz dreodn io of the ospe place of sewerage work,

Desiyn of Lever at Praram 6 rd,

Solwia I indic:ited tho zlignment of sewer, 892y

Celuipy 2 identify soc location of oewer, PRAZAm € RD,

Colurit 3=4 showed tha direction of sewer, from M, to H3

Golumnh 5 recorded thc urea tributary to the street inlets
that discharge into the manhole at the upper and
of the line 5.80 cores,

Columm & glves the cumtlative ares tributary to a2 line for
exrnale ia liag L Column 6 iz the sume of
Colunn G, Lizne es2, end Colnmn 5, line 884, OT
(5.3043,8) = 6,10 rcres

Columnr 7=3 record the %#ines of flow to the upper end of the

drzin ¢nd in the drain. For example, the inlet
time to Zienhole “1 15 egtimated to be 20 minute,
and the tioe of flow in line a8, is calculated to

be égg%gigé = 5,5 minutes. From Column 15/(@0xecl 14)

Il PR puinljen i —ifepr LI

chrdﬂn e Palr zmd Join €. Geyer, wWaier Supply and

T
i

™
L

Sewntr Bispowzl {lor York: Jokn iley & Sons, Inc.,

1553}, p. 440-4£1,
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LAYOUT AND DIRECTION OF FLOW
OF STORM SEWERS

FIGURE 25
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Hence tne time of £lov to the uppsr end of 3253
is {20+5.5) = 25,5 m,
Colunn 9 1is the ¢l velue for the time of flow to the uppaer
enic of the line
¢ = .65 {commerecial area)
1 =75 m: = 2,96 inches (from Pig 5 use 25,5
min durstion)

Coluin 10 column 2 % colusan 6 for example, the runcff entering
iine Bty 1s 1.92 x 9.10 = 17.50 cfs,

Celumn 11~14 record the schoren gize and resulting capacity
Snd velceity of flow of the drains forthe tributary
runoff cnd available or requived grads. For exam-
Fle in line a233

2/3.1/2
jienning Pormular ¥ = 486 L2

v = veloclty, the minimum velocity for storm

sewer is % ft/sec

B crossectional area
wetfcd perinpefer

slcpe of hydraulie gradient

o
]

Kutter Coefficlent of Friction

A
u

Try s = .0009, D = 4 1.00 metre and using
+ B
Zs 77 3
£ 1,00 = 3,28¢
= 1.486 x (3.28)"%67( 0009)1/?
«013

1.48 x-.B?ﬁ X 03 _ %, 00 ft/se0,

Ya

I I

< 8 wm g
il

|

capacity
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3 x F(S.EB)E

3 x 8.445 = 25.4 It
Colurn 15 1is izken from the plan or profile of the streets

2

300 metros
volunn 16 equal Colwan 15 x Column 123 For exampla,

240 x 0009 = .21 metres,
colurn 12 i3 potoined from
hi {d+hv) + k hv

he = 4(&1’!11)'?.24 hr
A{d+hr) {d.-hr.} - (dg-h.rz}

I

H

(1,00my§) = (.80xy2)
2g 2g

= 1,00=.804y° = y2

I~ %

o 58 g

= ,20

=
gi
=
[
il
-
[
|

h, = ,20 metres,

Goiunn 18 is dentify the invert elevetion; For example the

level for the ground elevation to the sewer is

about .50 metres :nd the diameter of sewer .80

vetres, 50 thet the upper end of invert level

i3 54,80 = 1.30 2and lgwer end is 1.30+300 = 1,66

in ihe line ap2q plus drop in menhole is 1,66+,20

= 1,82

The deseription of punps at the end of klong 1lluntrated
in Ltisle 28, Pijure 26 ahows the section and langth of stomm
wevers. Illustrative oomputations for a eystem of aotorm drains

CTe shown in Yable 29 to 41,
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