
WORLD HEALTH ORGANIZATION 

REGIONAL OFPICE 

FOR THE EASTERN MEDITERRANFAN 

SEMWAR ON SANITATION PROBLFMS 
OF RAPID URBANIZAmON 

Lahore, 7-14 October 1971 

ORGANISATION MONDIALE DE LA SANTE 

BUREAU REGIONAL 

POUR LA MEDlTERRANEE ORIENTALE 

EM/SEM. SAN.PROB.URB.~O 

28 June 1971 

mmsH ONLY 

DESIGN OF SANITARY AND m m  SEWERS 
SEWAGE FINAL DISPOSAL 
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It has been recognized by the sanit& authorit ies all over the world 

tha t  it is  of paramount importance t o  remove the sol id and l iquid wastes 

produced i n  urban communities as f a s t  as possible and t o  dispose of them 

i n  an appropriate and approved sanitary manner. 

Domestic sewage is carried away by the so called sewer systems which 

can be designed e i the r  t o  take care only of the domestic sewage (separate 

system) or  t o  carry away, a t  the same time, the water produced by rainfall 

(combined system). 

I f  f o r  economical reasons it is decided t o  construct separate sanitary 

sewers instead of combined sewers, there i s  s t i l l  the problem of storm water 

l e f t  behind and a n e w  system has t o  be constructed t o  dispose of this flow. 

There are few areas in the world where ra in  never f d l l s  and one example 

is  Lima, Peru, in South America which has no need of s t o m  sewers. 

The selection of separate or combined sewers is a matter of econormcs. 

A t  present practically a l l  the 1-e c o m t i e s  i n  the vmrld are discharging 

their sewage effluents in to  elast ing water bodies which continue t o  be used 

afterwards. In some cases such water bodies are used f o r  i r r igat ion,  i n  

others f o r  drinking, mainly i n  communities located down-stream. They mayr 

also be used f o r  bathing, swimme;  or water . m c ~ . e d t ~ o ~ ~ .  

* 
Consultant Engineer i n  Enviromrlental Health, Santiago, Chile 
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I n  general ~t 1s necessary t o  t r e a t  the sewage before emptying it in to  

natural  water courses and t h i s  extra  cost w l l l  ml l l ta te  against the use of 

combined systems due t o  the lmpossibllltg of t reat lng a l l  the storm water 

plus the sanltary flow. Nevertheless we f ind combined sewer systems 

serving large cornmunltles f o r  more than s lx ty  years. These sewers are 

causlng sanltary problems m t h e i r  f lnaf d1schaimge t o  r ivers ,  lakes and In 

the sea due t o  the rapid increase of the populatlon served. Public health 

authorl t res  are gradually maklng compulsory the construction of treatment 

plants t o  avoid unhealthy conditions although not a l l  the eff luent  is  treated. 

It appears t o  be the f a c t  t ha t  one of the prlces peid f o r  progress is a 

deterloratlon of raw water qual i ty  due t o  the vast  and increasing mounts 

used, re-used and recycled. 

I n  cmblned sewer out fa l l s  it is difficult t o  declde the mount of flow 

of mixed sewage and storm water t ha t  should recelve proper treatment and ~t 1s 

frequently accepted t o  t r e a t  the dry weather flow i n  additlon t o  the lnltlal 

par t  of rainfalls. The excess of flow is then dlverted through special  

designed welrs and mlxed w i t h  the d i lu t lng  water body already Increased by the  

storm water drained in to  zt .  

I1 DESIGN OF SANITARY SEWER SYSTFT4S 

Sewer systems f o r  urban comunltles should be designed t o  serve the 

m a x m  populatlon expected f o r  the deslgn period chosen ( t h i r t y  t o  f i f t y  

years). Short deslgn perlods are acceptable only f o r  areas where the 

construction of supplementary f u t ~ r e  sewer pipes 1s easy. 

The following sewage flow data  has importance i n  the design of sewer 

systems : 

- Min~mum hourly flow 

- Minimum dai ly  flow 

- Medium dai ly  flow 

- Max~mum dally flow 

- Maximum hourly flow 



3.3-ie rrrrmrmun 2.1d r z u z r n  kOUTly flows m e  necessary for the des- of sewer 

pipes i n  order t o  mamtain se l f -c lean~ng and not erosive velocities. 

!Pie p r m c ~ p a l  sources of lnflow In  a separate sewer system are the 

f ollow1ng : 

- House sanl tary flow 

- Indus t r ia l  l iqu id  wastes 

- Ground water iilf ~ l t r a t i o n  

- Stom water infiltration 

The mean house sanitary flow is accepted t o  be 80 per cent t o  90 per cent 

of the per capita drlnklng water consumed per day a t  the beginning and a t  the 

end of the design period. It is also acceptable t o  deduct the per capl ta  

mean sewer flow from exls t ing lns ta l la t lons  in areas with s i m i l a r  characteristics. 

M a x l m u m  and minimum flows are deducted by experience m exlsting services and 

applied t o  new deslgns. The maximum flow is found t o  be 1.5 t o  3 tlmes la rger  

than the mean value and the minimum 1s around 1b of same. 

Industrial l iqu id  waste contrxbutlon t o  pub11.c sewers has t o  be estimated 

l n  each case taking l n t o  consideration a l l  the  availablz information as well as 

the expansion of industr ies  i n  the future. The l iqu id  waste of industr ies  

has large variations i n  t h e i r  composition and volume according t o  the kind of 

mdustry. In  some cases it is necessary t o  provide a special  permlt or  consent 

f o r  discharging such wastes in to  the sewers. This permit w i l l  s p e l l  out the 

accepted dal ly  volume, the chemical and bacteriological cond;Ltlons, the maximum 

temperature and the  range of var ia t ion of pH value. 

I n f l l t r a t l o n  of gound water and storm water i n to  sewers depends on the 

permeability of the ground, the water table  elevation, the re la t ive  location of 

the sewer pipe xn lt, the type and qual i ty  of pipes and t h e n  jolnts,and f ina l ly  

the existence of small f i s sures  in  the plpe body or  the existence of loose ~ o m t s  



due t o  heavy t r a f f l c  and earthquakes. I n  some countries of South America 

where frequent earthquakes occur, a daily m f i l t r a t i o n  of up t o  20 2 per 

kllometrAe of pipe 1s accepted. 

1. Location of Sewer W n s  

Topographical condition of the area t o  be sewered determines the districts 

t o  be drained in to  a projected sewer main. Population density is deducted 

from the c l t y  Ivlaster Plan and lnformatlon available from houslng authorit ies.  

A t  l eas t  two figures should be forecasted, density a t  the i n ~ t i a l  stage of 

sewers operation and density a t  the end of the projected period. 

When deslgnmg sewer main d ime te r s  and slopes ~t 1s xffiportant t o  take 

in to  consideratlon the future expansion of the area t o  be served and the change 

of a l l  the factors  involved 1n the determination of the per capita flow Increase 

through the projected period. 

Sewer mains should be located, when possible, i n  the centre of the s t ree t ,  

except when the topography shows the need of sewer construction near one slde 

of such s t ree t .  Another exception is when two para l le l  pipes are used, one 

on each sidewalk which is  more economical than one sewer a t  the centre of the 

s t r e e t  due t o  the length of house connections. 

Sewer plpes should be constructed lower than water mains in order t o  avoid 

cross connections. The dlrec t  connection of sanitary f lxtures  t o  sewers should 

be avolded specially when these appliances are fed with dri-ng water. Also 

ventilated siphons ought t o  be ins ta l led  t o  eliminate cross connections. 

Maximum precaution should be taken when sewers are designed t o  pass near 

water wells. In such cases it 1s advisable t o  construct sewers w i t h  wrought 

iron or duct$le iron pipes i n  the viclnl ty of the water wells t o  protect them 

against possible sewage leaks. 

2. Sewer Pipes 

Sewer deslgn standards accepted by several countries establish min~mum 

public sewer s ize and minimum size of house connection plpe. I n  general these 

minima are 6" and 4" respectively. 



It is recommended t h a t  a unlforn plpe slope should ex i s t  between man- 

holes and t h a t  the rninimum slope acceptable bc the one tha t  w i l l  produce self-  

cleanlng velocity m the plpe at minimum flow. The larger  the bameter of 

sewers the lower are  the n~~nxn~um slopes required. 

The materm1 used by tlie ~ ~ r n ~ i ' z c t ~ ~ ~ e ~ ~ s  of sewer plpes are: 

- Concrete 

- Vlbrated cement 

- Vitrified clay 

- Asbestos-cement 

- Wrought Iron - duct l le  iron 

- Protected s tee l .  

Any of these materials are acceptable fo r  sewer plpes provided tha t  they 

w l l l  meet local  coruhtions such as sept ic  sewage condi t~ons ,  the qual l ty  of 

industrial waste-water, ground aq;ressivlty and external load. 

When the available com11crcla.1 pipe 1s not able t o  resist the externdl 

load it is accepted t o  reinforce such pipes with concrete, reinforced concrete 

or  other inaterlals. Anotk~er kind of materlal should be used when ells 

practlce 1s not nppllcablc orB does not meet the s t ruc tura l  requirements. 

3. Sewer Manholes 

The construction of manholes fo r  inspection, operation and maintenance 1s 

necessary i n  a l l  sewer systems and they should be located a t  the intersection 

of pipes and at the polnts of change of slope. Manholes can be replaced, m 

some cases, oy incllned pipes wit!c covers t h a t  w l l l  allow the introduction of 

cleaning equipment. 

The necessary measures should be taken t o  avoid flooding of sanitary 

sewers witn storm water or  other kind of water through the manhole covers. 

Thls problem can be ellrninated by constructing ~nanhole covers a t  higher levels  

or  making thern water t l gh t .  



4. Inverted Sewer Siphons 

Inverted slphons a re  deslgned t o  c lear  obstacles encountered by sewers 

when laylng them with the designed slope. They may run across gas, e l ec t r i c ,  

water o r  storm f a c l l i t l e s  without the  poss lb i l l ty  of avolding them by changing 

the slope. These siphons should be eas i ly  inspected and, whenever possible, 

two pa ra l l e l  plpes ought t o  be deslgned, each leg wlth enough capaclty t o  hold 

the normal flow. 

I f  the  sewage has a great  percentage of se t t l eab le  so l ids  (sand, s o i l ,  

etc.)  ~t is advisable t o  add sand catchlng basins, upstream or  downstream of 

the  siphon, t o  be cleaned periodically. The lower leg of the  siphon 

should be sloped towards t h l s  sand ca t cbng  basin. 

5. Hydraulic Design of Pipes 

Sewer pipes are assumed t o  flow a t  f u l l  capacity wlth pemanent and 

un~fonn  flow. The "n" coefficient f o r  the  Manning formula and for dl f fe ren t  

kinds of material is  as follows: 

Concrete n 0.015 

Vl t r l f  i ed  clay n 0.010 

Asbestos-cement n 0.010 

Wrought l ron n O . O U  

6. Project  Information 

Projects fo r  water supply In urban c o ~ ~ t ~ e s  should rnclude the  follow- 

uzg documents f o r  approval: 

i. Description of the  system with h l s t o r l c a l  r d m 6  of geographical, 

p o l l t l c a l  and soclo-economical developments. 

ii. Ehgineer~ng description of the  d l f fe ren t  par t s  of the  job with 

supportrng desrgn estimates. 

lli. Admlnlstrative and tecbnlcal  speclflcations f o r  construction. 

Draft of C o n s t r u c t ~ o ~  contract .  



IV. Volume of work and cost  estimates wlth jus t l f lca t ion  of un l t  

prices. 

v. Layout plans a t  a - n m i m u m  scale of 1:5 000 mcludlng topographical 

levels  i n  each manhole. Profiles of plpe l i nes  and interceptors. 

Detailed plans f o r  speclal  s t ructures  a t  a minlnlum scale of 1 ~ 5 0 .  

111 SELJAGE PUMPING S T A T I O N S  

When sewage has t o  be elevated lt i s  necessary t o  deslgn sewage pmpmg 

stat ions.  I n  designing sewers on f l a t  land lt i s  necessary very often t o  

use booster s ta t ions  f o r  large Interceptors m order t o  avold b p  excavation 

and high construction cost. 

It 1s a lso  advisable t o  use purvplng s ta t lons t o  in j ec t  sewage i n t o  the 

sea f o r  f i n a l  disposal when nrulti-outlets diffusers  are  designed. 

Another case where purnpinL s ta t ions  are required, f o r  economical reasons, 

is i l l u s t r a t ed  m the deslgn of sewwe treatment plants a t  the end of 10% 

interceptors In  f l a t  land. 

Wlthln a treatment plant It 1s necessary t o  ~ n s t a l l  pwnplnp; s ta t lons  t o  

recirculate  pa r t i a l ly  t reated sewage. 

I n  general terns  we can c lass i fy  the sewage pumpin& s ta t ions  a s  follows: 

- Affluent pumping 

- Effluent pur.~plng 

Affluent sewage pumping s ta t lons  are those t h a t  are receiving raw sewage 

t o  be elevated t o  upper leve ls  In  the same sewer l m e ,  or  t o  a treatment plant 

o r  d i r ec t ly  t o  a receivirz  water body. When sewage 1s elevated t o  a t rea t -  

ment plant, the punping s ta t ion  is usually located at the treatment plant 

s l t e ,  unless the sewer maln would reach the plant too deeply and one or more 

booster s ta t lons  are requlred upstream. This l a t t e r  condition should be 

studied i n  d e t a l l  comparing wikl, Lhe cost  of altemiat13,e salutions, Screens are 

advisable t o  protect pumps from large so l ld  m a t e r ~ a l s  and nand catching baslns 



a re  a l so  recommended f o r  raw sewage t o  avoid rapid wezrlng down of the 

moblle par ts  of tht pumps. Finally emergency out le t s  should be designed 

t o  protect the pumping s ta t lon  agslnst  flooding i n  case of fa i lure  of power. 

Effluent pumping s ta t lons  are more slmple t o  design and they will not 

require the protection described above f o r  aff luent  pumps. The t reated 

water handled by these pumps is "cleaner" than raw sewage and the pumping 

equipment has more efficiency. In some speclal  cases ~t 1s advisable t o  

have aff luent  and eff luent  pumps m a sewage treatment plant. The design- 

engineer should make the analysis of the d i f fe ren t  alternative solutions and 

should decide wfuch comblnatlon is the most convenient and l e a s t  expensive. 

1. Sewage Pumps 

Centrifugal puips are  generally used fo r  sewage elevatlon. l l l e l r  

mobile par ts  are of the r ad ia l  o r  diagonal type according t o  the requlred 

capacity, and i n  t h e i r  i n s t a l l a t ion  the ve r t i ca l  rnodel without suction shaf t  

i s  preferred. 

Pneumatic e jectors  are recotinnended f o r  s m a l l  sewage elevation and f o r  

Sn1aI.1 flow due t o  t h e i r  low efficiency (15 t o  25 per cent).  Pneumatic 

e jectors  can replace sewage pumps only f o r  elevatlon of small volumes. Their 

application m the Americas has been reduced considerably i n  the l a s t  few Years 

due t o  t h e i r  limitations. 

R3tors i n  raw sewage pwnps should be rounded without sharp angles t o  

avoid retention of rags and solids.  

For a longer wear it is desirable t o  have the closed type of rotors. 

W a g e  pump efficiency 1s expected t o  be around 85 per cent f o r  average 

sewage flow and could drop t o  60 per cent f o r  small msta l la t lons .  The low 

efflciency of these pumps 1s the cornpensation paid f o r  securing the passage 

of so l ids  up t o  5 t o  6 cin I n  diameter. 
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Pumps with normal efficiency ?or large var ia t ion of flow is recommended 

when the sewage elevation is hlgh because they w i l l  glve be t t e r  se14vlce than 

pumps with good efficiency f o r  only a restricted range of flow. Such 

suggestion 1s important when selectinn put~lps from the varlous ilanuf acturers ' 
catalogues. 

The re la t lon  between capacities of pump and a sewage storage tank 

should be such tha t  the l a t t e r  w i l l  not produce frequent s t a r t s  and stops 

of pumps and eventually w i l l  feed a f a l r l >  constant flow of sewage t o  the 

treatiflent plant, should a treatment plant be necessary. 

Rags, p las t ic  pleces and fibrous material carr ied by raw sewage const i tute  

great problems f o r  pumplng s ta t ions.  

The number of puvps t o  be Instal led IS deterrnlned by the Q-H curve of 

the sewage syster~~. We can se l ec t  e i the r  a l l  the pumps of the same capacity 

t o  cover the "Q" demand by stages, o r  different s ize  pumps accomng t o  the 

demand curve. The selectlon of equal capacity pumps has the advantage of 

making it possible t o  ro ta te  them, trying t o  leve l  up the number of working 

hours, obtanmng uniform weamng down and reducing the necessary stock of 

spare parts.  

The angular velocity of sewage pumps runs from 1 200 r.p.rn. t o  1 800 r.p.m. 

It is generally recommended t o  se lec t  pumps of constant ve loc~ ty .  Nevertheless 

pumps with variable -1ar velocity w i l l  reduce the number of necessary pumps, 

produce a more even flow and reduce the s ize  of the suctlon tank, although 

they are more expensive and more elaborate. Final selectlon 1s l e f t  t o  the 

deslgnlng englneer who has t o  evaluate a l l  the f ac t s  ~nvolved. 

The underground s t ructure  f o r  sewage pumping s ta t ions  is costly and 

difficult t o  construct, due generally t o  the depth of incoming sewers. 

Circular-shaped s t ructures  are  recornended when t h e l r  construction is done 

by the s1nkln.g rilethod under special  so l1  condltlons and high water table. 



I f  the geological formation is favourable it 1s recommended t o  design 

rectangulaoshaped s t ructures  because ~ . t  is easler  t o  use the available 

space. 

Suctlon tanks should have access only from the outside t o  avoid environ- 

mental pollution of the r e s t  of the station. Whenever possible ~t is  

preferred t o  have two unl t s  of such tanks i n  order t o  f a c i l i t a t e  t h e i r  

maintenance. 

The smallest and inore economical f loor  1s achieved in pumping s ta t ions  

by using ve r t i ca l  sewage pumps, having the additional advantage of e l e c t r i c a l  

motors s e t  a t  the top, above the flooding level.  

The pumping house should be well illuminated and ventilated. I n  large 

ins ta l la t ions  lt should be provided with a bridge crane or  facilities f o r  

removlng the pumps when necessary. 

Autoniatic pmp control should be supplied i n  sewage pumping s ta t ions  f o r  

an e f f i c i en t  operation. They are  usually in s t a l l ed  a t  the suctxon tank s ide 

consisting of f loa t e r s  which command pneumatic or  electronlc contacts. Floaters 

can operate efficiently l f  they are  housed l n  proper tubes or p i t s ,  i solat ing 

thein from water current action. This l a t t e r  system l a  re l iab le  when used i n  

t rea ted  sewage but could have troubles when handling raw sewage. To avoid 

thls problem a pneumatic system t h a t  operates u ~ r i e ~ .  ari* pressure has been devised 

bubbling a i r  continuously a t  the submerged end whch eliminates stoppage. 

It operates the pump controls with the change of water leve l  by changing the 

a i r  pressure and thus contacting the  s t a r t e r  or  the still  position. The 

sensibility of t h i s  d e x ~ c e  is  around 6 cm of water leve l  vana t ion .  The 

pneumatic control system is  cheap, re l lab le  and has no moblle par ts  m contact 

with sewage. 

The electronlc sewage pump controls are usually of the submerged electrode 

type, having two un i t s  f o r  each pump and located in such a manner tha t  they 



w i l l  start the pumps a t  different sewa2,e levels.  T!iis electronic systerl~ is 

a d v i s ~ b l e  when there is a continuous flow and few pumps are required. fke 

electrodes are  bound t o  be covered by grease, foam and f loat lng materials, 

requiring periodical cleaning t o  secure an efficient service. 

N STORM SlWER SYSTEMS 

Storm sewer design is  based on pluvlonetric statistics and the I-elatlon 

curve "intensity-duratlon time'' of r a l n f a l l  i n  the area t o  be drained. I f  

there  is no ~ n f o n a t i o n  available regarding intensity-duration of r a i n f a l l  we 

can assimilate the pluvlometric condition of the area under study t o  another 

where s t a t i s t i c  f lgures are available. If t h l s  s l a l l r r l y  does not ex l s t  

then a proper study should be made t o  produce the baslc data f o r  design. 

In  large areas wlth high storm lntensl ty  ~t 1s not pract ical  nor economical 

t o  design sewers t o  take care of the maximum flow with the rnaxlmui i l  in tensi ty  

glvlng a 100 per cent security. When a large number of years with pluvlo- 

:netric statistic is a v a l a b l e  the desigung sanitary engineer w i l l  es tabl ish 

the acceptable lntensl ty  w t h  a f eas ib l l l t y  study. Stor~ns over the one 

selected as a maximum t o  enter  tne sewer system w i l l  produce temporary in- 

convenience and flood i n  low lands. A l l  these factors  should be evaluated 

by the designing engineer. 

To reduce the cost of storm sewers, In  some cases, open channels properly 

l lned have been constructed, as  i n  Slr?:apore. Unfortunatew these open canals 

interfere with t r a f f l c  and use an ~niportant area of t h ~  s t r e e t  space. A t  the 

same tlme ~t 1s unavoidable t o  prevent t h a t  a $reat deal of c i t y  so l id  wastes 

be thrown ~ n t o  such channels br lng~ng about a serlous sani tary problem. 

Storm sewer conduits can be desipped t o  be placed  mediately under the 

surface of the ground, avoldlng costly excavation. 

When s t r e e t  storm i n l e t s  are connected t o  combined sewage systems, they 

should have a hydraulic siphon t o  prevent sewage vent l la t lon and bad odours 



from c o m w  out of these openings, and when s t r e e t  siphons are provided 

then specla1 care should be taken t o  ellrnlnate lnosqulto bi.ee&ng places 

by periodical W l g a t ~ o n  m t h  lnsect ic ldes  o r  by petroleum : ~ L ~ + - e ~ ~ l ~ l ~  

S t ree t  stonri i n l e t s  are slnlple and wlthout siphon when connected 

d l rec t ly  t o  storm sewer system, they should be kept clean durlng r a n y  season. 

The storm plpe system is hydraulically designed on the same engineering 

pattern used f o r  separate sewers. New feed~ng  areas should be connected a t  

the proper topographzcal points, with plpe slopes lower than those used fo r  

sewage flow. 

I n  general the t o t a l  length of a storrn sewer system 1s l e s s  than that 

of the sewage systen, because it IS possible t o  f ind  proper out le t s  Into 

running water i n  d i f fe ren t  places alone; the l ine ,  whlch is not allowed fo r  

sewage eff luent .  

V SEWAGE T R E A m  

1. General 

Domestic sewage contalns l e s s  than 0 .1  per cent of suspended and dis- 

solved impurities which represent l e s s  than 1 000 ppin and the r e s t  1s water. 

The organic clatters take advantage of the existing oxygen m water t o  transform 

albumin, protein and carbon hydrates in to  s table  products l i k e  carbon dioxlde, 

n i t r a t e s ,  sulphates and water. If the  exlstlng dissolved oyyken i n  water 

IS exhausted, the aerobic bacter la  dle  and the anaerouic ones remain al lve t o  

extract  oxygen from the chemlcal and orgamc compounds with production of 

obnoxious gases and decaylng organic matters. When sewage ge ts  t o  this l a t t e r  

stage it is s a d  t o  be I n  sep t lc  condition, whlch could occur a few hours 

a f t e r  sewage production. If sewage is mixed w l t h  receiving water (di lut ion 

m rlvers ,  lakes, e t c . )  a biochemical cycle takes place slinllar t o  t h a t  m h c a t e d  

above, but relylng now on the additional oxygen coming from the receiving 

water body. 



Analysis of domestic sewage aade i n  USA shows the following canposition 

m percentage: 

Organic matters 

Mmeral matters 

Settleable matters 

Suspended matters 

Settleable organic matters 

Settleable mineral matters 

Suspended organic matters 

Suspended rnlneral matters 

50 per cent 

50 per cent 

20 per cent 

80 per cent 

67 per cent 

33 per cent 

50 per cent 

50 per cent 

When the receiving water body i s  not able t o  supply a l l  the dissolved 

owgen demanded by the lncoming sewage (BOD) it is necessary t o  produce 

a r t i f i c i a l  reduction of such BOD t o  the l i n l t  of the oxygen balance. For 

Ohis  purpose special sewage treatment plants are designed. 

'I'he raw sewage reaching a treatment plant shows flow fluctuations varying 

from 35 per cent t o  300 per cent of i ts  mean value, when coming from separate 

sewer systems. I n  the case of combined sewage system, the m a x i m  flow could 

reach up t o  100 times the average dry weather flow. Due t o  this large 

variation of flow i n  the l a t t e r  case it 1s recommended t o  conduct t o  the t rea t -  

ment plant a m a x l m u m  flow three times larger than the mean dry weather flow. 

This compromise l i m l t s  seriously the efficiency of a treatment plant 

operating a t  the end of a combined sewer system. There is no assurance of a 

proper sanitary protection of the receiving water body. On the other hand it 

is certain tha t  be t te r  sanitary protection 1s obtained fo r  receiving waters 

vnth treatment plants designed t o  t r e a t  sewage from separate sewer systems. 

For these reasons the public health authorit ies emphasrze the construction 

of separate sewer systems instead of combined ones, whenever possible, special- 

l y  ~f a treatment plant has t o  be constructed. 



2. Sewage Treatment Plants 

Sewage treatment plants have two main objectives: 

i. Retention of f loat lng materials and se t t leab le  solids.  

11. Fieduction of BOD t o  produce acceptable eff luents  f o r  f l n a l  

disposal by dl lut ion or  otherwise. 

Due t o  the great  advance on sewage treatment techniques any condition 

can be met from sln~ple settlmng, up t o  the conversion of sewage in to  potable 

water. 

The cost of treatment increases rapidly when "cleaner" eff luents  are  

required, which makes it of great in~portance t o  ensure proper determination of 

the degree of purification that w i l l  s a t i s fy  the loca l  pollution problem. 

Sewage treatment procedures can be c lass i f ied  as follows: 

- Fre-treatment 

- Primary treatment 

- Par t i a l  treatment 

- Complete treatment 

2.1 b e -  treatment 

This consists of the removal of such wastes and rags m a t  would 

prevent or  jeopardize the action of more advanced treatments. 

Racks or  coarse screens composed of bars placed vertically or  a t  an 

angle t o  the horizontal w i l l  r e ta in  dead animals, rags, metal scrap, 

pieces of wood, and f loat ing solids.  Flne screens also remove a par t  of 

the smaller suspended solids.  

Efficiency of coarse screens 1s very low and it is not taken in to  

consideration. For f i n e  screens the efficiency could be about 10 per cent 

i n  removal of suspended solids.  



2.2 Primary Treatment 

This consis ts  of the removal of se t t leab le  so l ids  by sedimentation. 

Sedlmentatlon 1s a hlgNy unportmt process in sewage treatment and lt 

is employed as prlmary treatment a t  most plants. When conditions wlth 

respect t o  d i lut lon are favourable, sedxrnentation may be the only trent-  

rment given In  a d a t i o n  t o  pre-treatment. An efflclency of 50 per cent 

t o  60 per cent m removal of suspended so l ids  1s expected. 

2.3 Part la1 Treatment 

P a r t i d  treatment or  chemical precipitation embraces a l l  primary 

treatment procedures, accelerated and Improved by the use of coagulants 

(alun , lime and ferrous sulphate) . Qulck and thorough rnmlxing of chernlcals 

and sewage 1s necessary, ,and t h i s  should be followed by slow-motion mlxing 

fo r  10 t o  30 rnlnutes t o  allow flocculntlon. These requirements can be 

sa t i s f l ed  by putting baffles m mixing charubers o r  by n ~ e c h i c d  agltatlon. 

The efficiency expected 1s around 45 t o  80 per cent i n  EOD reduction and 

65 t o  90 per cent m suspended so l ids  reduction. 

2.4 Complete Treatment 

Complete treatment lncludes a l l  the secondary processes w l t h  bio- 

chemical actlon obtaining a considerable reductlon i n  BOD. Large 

reductlon of so l ids  1s achieved by flocculation of primary t reated 

eff luent  followed by secondary set t l ing.  Pa r t l a l  recirculation w l l l  

increase efficiency. 

The use of tr1cklln.g- f i l t e r s  md  activated sludge tilethods 1s frequent- 

l y  found i n  secondary sewage treatment. 

I f  the effluent of a complete treatment process IS expected t o  be 

f r ee  of bacteriological pollutants, lt 1s necessary t o  add disinfectants 

such a s  chlorlne with residual action t o  @armtee the protection of 

beaches, r lvers ,  lakes or  any receiving water body. 



The effluent of a complete sewage treatment plant can st111 undergo 

further  treatment as  sand filtration with pre md post chlorination thus 

producing f lna l ly  potable water. 

The following table  contains the reduction i n  percentage of suspended 

sol ids  and BOD expected In each of the various treatmsnt processes: 

A l l  the above mentioned sewage treatments are processed In special 

designed structures with adequate retention periods and f a c i l i t i e s  f o r  

additlon of chemicals. 

Process 

Primary treatment 

Primary treatment w i t h  
chemical precipitation 

Complete treatment with 
trickling f i l t e r s  

Complete treatment with 
activated sludge 

Complete treatment plus 
sand f i l t r a t i o n  

Even when there exis t  several registered connnercial patents f o r  

sewage treatment processes, there is no need of using exclusively such 

patents, paying high royalty when local sanl twy engineers could design 

the plant t o  sa t i s fy  loca l  conditions and ~n~por t ing  only the necessary 

equipment not available i n  the country. 

It is most i~nportant tha t  the national sanitary engineers be 

acquainted wlth dl the parameters involved i n  sewage treatment plant 

design. 

Reduction 
per cent 

Suspended 
Solids 

40 - 70 

65 - 90 

75 - 90 

85 - 95 

90 - 98 

B O D  

25 - W 

45 - 80 

80 - 95 

135 - 95 

85 - 95 



Small sewage treatment plants f o r  rura l  com~~unities should be slmple 

and should not requlre specl j l lzed workers f o r  operation and maintenance. 

Large installations need careful  technical a t tent ion and specialized 

workers are demandcd fo r  operation and mamtenmce. 

3 .  Stabi l lzat lon Ponds - Sewage Lagoons 

Dur~ng the l a s t  decade sewxe lagoonine; has gamed great popularity due 

t o  i ts  economical and slmple procedure of sewage hmdllng. It 1s based on the 

high and f r e e  oxygen production when cer ta in  algae are  present m sewage. 

These algae grow because of the organic food provided In the sewage and the 

presence of sunlight. I n  the algae growmg process there 1s a large production 

of oxygen which is used t o  sa t l s fy  the sewcge oxygen dernand (BOD) f o r  proper 

stabilization. 

!he oxidation of orgmia matters m sewage lagoons 1s anaerobic and slow 

~t the bottom and aerobic and accelerated a t  the upper levels.  The oxidation 

process is performed mainly by aeroblc bacteria converting organic carbon Into 

carbon dloxlde while a t  the same tlme algae are  trmsformlng,by photosynthesis, 

the carbon dioxlde xnto ce l lu l a r  matter. 

It is possible t o  regulate the speed of these processes i n  order t o  

obtaln an eff luent  with low organic content and s m a l l  BOD. 

The most important factors  i n  sewage lngoons design are  the following: 

- F'revdencc, intensi-cy, duratlon and penetration of sunlight I n  sewage. 

- Depth of lagoon i n  re la t lon t o  sunlight penetration. 

- kmf  all and ev~pora t lon  in  the area. 

- Permeability of land tha t  w i l l  lnsure the production of a lcgoon w ~ t h  

the mount of sewage Inflow into the dam. 

- Assurance tha t  no ground pollution w i l l  occur during the operation of 

sewage lagoons. 

- Algae production scheme. 



There are examples i n  different parts  of the world of sewage lagoons 

replacing sewage treatment plants. 

One of the  res t r ic t ing  factors i n  t h l s  process is the large area needed. 

One hectare (2.47 acres) f o r  each 250 persons served 1s approximately required, 

namely, a community of 10 000 inhabitants w i l l  need forty hectares of land 

located a t  l eas t  500 m away from the nearest housing concentration. 

The efficiency of sewage lagoons i s  80 per cent t o  90 per cent m 

reduction of BOD and 30 per cent t o  70 per cent i n  removal of suspended solids. 

The design standards f o r  sewage lagoons are changing according t o  the 

avmlable investigation i n  different  parts  of the world. Nevertheless some 

figures can be given t o  guide the preliminary designs: 

Load : 100 persons/acre 

10 000 gallons/day/acre 

17 pounds/day/acre of BOD 

Stabilization ponds are used f o r  municipal sewage and industr ial  wastes 

treatment. The efficiency and economy of this method of f i n a l  sewage disposal 

depends on local environmental conditions which varies from one place t o  

another. Practical experience shows that sewage lagoons can be used m all 

kinds of climates, being more favourable t o  the t ropical  one. 

For all these reasons it is most advisable t o  coo-nate and emphasize 

the need f o r  investigation of sewage l a o o n s  so 3s t o  establish the proper 

parameters f o r  the vaPious condztlons under whlch thls method could be used. 


