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7. Dry on-site sanitation systems 

7.1. Introduction 
In	
  section	
  4.2	
  we	
  provided	
  a	
  technology	
  selection	
  menu.	
  The	
  menu	
  of	
  selected	
  dry	
  systems	
  is	
  presented	
  in	
  
Figure	
  7-­‐1.	
  

Figure 7-1: Technology selection menu dry systems 

	
  

Figure	
  7-­‐2	
  shows	
  a	
  typical	
  oPt	
  area	
  where	
  dry	
  on-­‐site	
  systems	
  are	
  more	
  appropriate	
  then	
  wet	
  on-­‐site	
  systems:	
  
low	
  density	
  areas	
  where	
  the	
  population,	
  nomadic	
  Bedouin,	
  have	
  simply	
  not	
  enough	
  water	
  available	
  to	
  pour-­‐
flush	
  the	
  faeces	
  and	
  keep	
  the	
  water	
  seal	
  of	
  the	
  pour-­‐flush	
  toilet	
  functioning	
  properly.	
  When	
  constructed,	
  
operated	
  and	
  maintained	
  properly,	
  dry	
  on-­‐site	
  systems	
  provide	
  the	
  same	
  convenience	
  and	
  health	
  benefits	
  as	
  
wet	
  on-­‐site	
  systems.	
  And,	
  of	
  course,	
  the	
  communities	
  are	
  familiar	
  with	
  these	
  systems,	
  because	
  they	
  construct	
  
them	
  their	
  selves,	
  see	
  Figure	
  7-­‐3.	
  	
  

Figure 7-2: Typical area for dry systems (UNICEF/Spit, 2012) 
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A urine diverting dry toilet (UDDT) is a 
toilet operating without water and sep-
arating the liquid (urine) from the sol-
id (faeces) fraction. In a UDDT toilet, 
urine is collected and drained from the 
front area of the toilet, while faeces fall 
through a large chute (hole) in the back 
of the toilet (Figure 5). It is important 
for the two sections of the toilet to be 
well separated so that a) urine does not 
splash down into the ‘dry’ area of the toi-
let and b) faeces do not fall into and clog 
the urine collection area in the front. As 
shown in Figure 5 and depending on user 
preference, either a pedestal or a squat 
slab can be built/used to separate urine 
from faeces. (Tilley 2008)

The dry toilet is quite simple to design 
and build and can be altered to suit the 
needs of specific populations (i. e. small 
children, people who prefer to squat 
etc.).

The UDDT is not intuitive or immediately 
obvious to all users. Users may at first be 
hesitant to use it, and mistakes (e. g. fae-
ces in the urine bowl) may also deter oth-
ers from accepting this type of toilet. Ed-
ucation and demonstration projects are 
essential in achieving good acceptance 
among users.

Advantages

+ No need for water

+ Since faeces are dry and urine is sepa-
rated, smells are minimal, though a lid 
should be used

+ Can be built on site with locally available 
materials

+ Very inexpensive

Disadvantages/Concerns

− Its use may be difficult for some people 
(heavy, old and young)

− Faeces can be accidentally deposited in 
the urine section and lead to clogging 
and cleaning problems

− Urine pipes/fittings can become blocked 
with time

Figure 5: Two types of urine diverting toilets. The left photo shows a pedestal type, the  
illustration on the right a squatting version. (Left: Morgan 2003, Zimbabwe; right: source  
unknown)

A UDDT is slightly more difficult to keep 
clean than other toilets due to its lack 
of water and need to separate the sol-
id from the liquid fraction. Since it forms 
part of a dry system, water should not 
be poured down the toilet, although 
the seat and the inner bowls should be 
wiped with a damp cloth. Metals should 
be avoided, as they tend to rust in the 
presence of urine.

UDDTs come in a variety of shapes 
and sizes. A concrete and chicken wire 
pedestal could be made for as little as 
$ 5−10. Plastic squatting pans can some-
times be bought for as little as $ 2−3. 
More elaborate injection moulded fibre-
glass or stainless steel squat slabs can 
be much pricier.
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Figure 7-3: Dry toilet Bedouin community (Spit, 2012) 

	
  
	
  
Description123.	
  A	
  Dry	
  Toilet	
  is	
  a	
  toilet	
  that	
  operates	
  without	
  water.	
  The	
  Dry	
  Toilet	
  may	
  be	
  a	
  raised	
  pedestal	
  that	
  
the	
  user	
  can	
  sit	
  on,	
  or	
  a	
  squat	
  pan	
  that	
  the	
  user	
  squats	
  over.	
  In	
  both	
  cases,	
  excreta	
  (both	
  urine	
  and	
  faeces)	
  fall	
  
through	
  a	
  drop	
  hole.	
  The	
  Dry	
  Toilet	
  is	
  usually	
  placed	
  over	
  a	
  pit;	
  if	
  two	
  pits	
  are	
  used,	
  the	
  pedestal	
  or	
  slab	
  should	
  
be	
  designed	
  in	
  such	
  a	
  way	
  that	
  it	
  can	
  be	
  lifted	
  and	
  moved	
  from	
  one	
  pit	
  to	
  another.	
  The	
  slab	
  or	
  pedestal	
  base	
  
should	
  be	
  well	
  sized	
  to	
  the	
  pit	
  so	
  that	
  it	
  is	
  both	
  safe	
  for	
  the	
  user	
  and	
  can	
  be	
  slightly	
  slopes	
  towards	
  the	
  outer	
  
edges	
  to	
  prevents	
  stormwater	
  from	
  infiltrating	
  the	
  pit	
  (which	
  may	
  cause	
  it	
  to	
  overflow).	
   	
  

Table 7-1: Advantages and disadvantages Dry Toilets 

Advantages	
   Disadvantages	
  

• Does	
  not	
  require	
  a	
  constant	
  source	
  of	
  water	
  	
  
• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  

materials	
  	
  
• Low	
  capital	
  and	
  operating	
  costs	
  
• Suitable	
  for	
  all	
  types	
  of	
  users	
  (children,	
  adults,	
  

elderly	
  and	
  physically	
  impaired.)	
  

• Odours	
  are	
  normally	
  noticeable	
  (even	
  if	
  the	
  vault	
  
or	
  pit	
  used	
  to	
  collect	
  excreta	
  is	
  equipped	
  with	
  a	
  
vent	
  pipe).	
  Can	
  be	
  reduced	
  if	
  a	
  cup	
  of	
  ash	
  is	
  
added	
  after	
  each	
  use.	
  	
  

• The	
  excreta	
  pile	
  is	
  visible,	
  except	
  where	
  a	
  deep	
  
pit	
  is	
  used.	
  A	
  cover	
  should	
  be	
  placed	
  on	
  top	
  to	
  
prevent	
  ingress	
  and	
  egress	
  of	
  flies	
  and	
  other	
  
vectors	
  

• Does	
  not	
  prevent	
  ground	
  water	
  contamination	
  
• Not	
  suitable	
  for	
  high	
  water	
  table	
  areas	
  

	
  
There	
  is	
  a	
  wide	
  range	
  of	
  dry	
  systems	
  available.	
  Three	
  systems	
  are	
  discussed	
  in	
  detail:	
  
• The	
  Arbor/Sabar	
  Loo	
  (section	
  7.3);	
  
• The	
  Fossa	
  Alterna	
  (section	
  7.4);	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  After	
  Tilley	
  (2008)	
  
2	
  See	
  Appendix	
  2-­‐1:	
  WASTE	
  Decision	
  Support	
  Tool	
  (DST)	
  User	
  Interfaces	
  
3	
  See	
  Smart	
  Sanitation	
  Solutions,	
  NWP	
  (2008)	
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• Urine	
  Diversion	
  Dehydration	
  Toilets	
  (section	
  7.5).	
  	
  
	
  
These	
  systems	
  use	
  a	
  squatting	
  plate	
  as	
  user	
  interface.	
  Section	
  7.2	
  discusses	
  the	
  features	
  of	
  the	
  squatting	
  plate.	
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7.2. Squatting plate4 
A	
  suitable	
  base	
  or	
  foundation	
  for	
  latrine	
  or	
  toilet	
  fixtures	
  is	
  often	
  included	
  in	
  the	
  construction	
  of	
  
the	
  pit	
  or	
  other	
  substructures.	
  Alternatively,	
  the	
  base	
  may	
  be	
  constructed	
  separately	
  of	
  wood	
  
or	
  integrally	
  as	
  part	
  of	
  the	
  squatting	
  plate.	
  It	
  is	
  essential	
  to	
  determine	
  whether	
  the	
  local	
  
preference	
  is	
  to	
  sit	
  or	
  squat	
  during	
  defecation.	
  	
  
	
  

Design	
  considerations	
  squatting	
  plates.	
  There	
  are	
  several	
  important	
  design	
  considerations:	
  
• The	
  opening	
  should	
  be	
  about	
  400	
  mm	
  long,	
  to	
  prevent	
  soiling	
  of	
  the	
  squatting	
  plate	
  and	
  at	
  most	
  200	
  mm	
  

wide,	
  so	
  that	
  children	
  could	
  not	
  fall	
  into	
  the	
  pit.	
  A	
  ‘keyhole’	
  shape	
  is	
  suitable,	
  see	
  Figure	
  7-­‐4;	
  
• Footrests	
  should	
  be	
  provided	
  as	
  an	
  integral	
  part	
  of	
  the	
  squatting	
  plate	
  and	
  properly	
  located	
  so	
  that	
  

excreta	
  fall	
  into	
  the	
  pit	
  and	
  not	
  onto	
  the	
  squatting	
  plate	
  itself;	
  
• The	
  free	
  distance	
  from	
  the	
  back	
  wall	
  of	
  the	
  superstructure	
  to	
  the	
  opening	
  in	
  the	
  squatting	
  plate	
  should	
  be	
  

in	
  the	
  range	
  of	
  100	
  to	
  200	
  mm;	
  if	
  it	
  is	
  less	
  there	
  is	
  insufficient	
  space	
  and	
  if	
  it	
  is	
  more	
  there	
  is	
  the	
  danger	
  
that	
  the	
  rear	
  part	
  of	
  the	
  squatting	
  plate	
  will	
  be	
  soiled.	
  In	
  general,	
  the	
  preferred	
  distance	
  is	
  150	
  mm;	
  

• The	
  squatting	
  plate	
  should	
  have	
  no	
  sharp	
  edges	
  or	
  rough	
  surfaces	
  that	
  would	
  make	
  its	
  cleaning	
  difficult	
  
and	
  unpleasant.	
  

• It	
  should	
  be	
  slightly	
  raised	
  from	
  the	
  ground-­‐level	
  to	
  ensure	
  that	
  excess	
  water	
  (during	
  cleaning	
  of	
  the	
  
surrounding	
  area	
  or	
  in	
  areas	
  of	
  potential	
  flooding)	
  does	
  not	
  enter	
  the	
  pit.	
  

• The	
  opening	
  should	
  have	
  a	
  cover	
  (removable	
  see	
  figure	
  7-­‐5,	
  or	
  operated	
  by	
  a	
  pulley	
  system	
  that	
  also	
  
serves	
  for	
  additional	
  hygienic	
  measures)	
  to	
  ensure	
  that	
  flies	
  do	
  not	
  enter	
  the	
  pit.	
  

	
  
A	
  variety	
  of	
  materials	
  can	
  be	
  used	
  to	
  make	
  the	
  squatting	
  plate:	
  timber,	
  reinforced	
  concrete,	
  ferrocement,	
  and	
  
sulphur	
  cement	
  are	
  usually	
  the	
  cheapest,	
  but	
  glass-­‐reinforced	
  plastic,	
  high-­‐density	
  moulded	
  rubber,	
  or	
  PVC	
  
(polyvinyl	
  chloride)	
  and	
  ceramics	
  can	
  also	
  be	
  used.	
  Cost	
  and	
  aesthetics	
  are	
  the	
  important	
  criteria,	
  apart	
  from	
  
strength	
  and	
  rigidity.	
  A	
  variety	
  of	
  finishes	
  can	
  be	
  applied	
  to	
  concrete	
  or	
  ferrocement	
  squatting	
  plates	
  (for	
  
example,	
  alkali-­‐resistant	
  gloss	
  paint	
  and	
  polished	
  marble	
  chippings)	
  or	
  the	
  concrete	
  itself	
  can	
  be	
  coloured.	
  
Aesthetic	
  considerations	
  are	
  often	
  extremely	
  important	
  to	
  the	
  users	
  and	
  should	
  never	
  be	
  ignored	
  by	
  engineers	
  
and	
  planners;	
  indeed	
  planners	
  should	
  make	
  a	
  special	
  effort	
  to	
  determine	
  community	
  preferences	
  before	
  the	
  
final	
  design	
  stage.	
  Figure	
  7-­‐4	
  shows	
  a	
  good	
  design	
  for	
  a	
  reinforced	
  concrete	
  squatting	
  plate.	
  Other	
  factors	
  
should	
  also	
  be	
  considered	
  particularly	
  if	
  used	
  by	
  children,	
  elderly	
  or	
  physically	
  impaired	
  such	
  as	
  handrails	
  next	
  
to	
  the	
  squatting	
  plate. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4	
  After	
  Kalbermatten,	
  1982	
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Figure 7-4: Squatting plate design (Kalbermatten, 1982) 

 
	
  
A	
  ferrocement	
  version	
  of	
  this	
  is	
  possible	
  and	
  advantageous,	
  since	
  it	
  need	
  only	
  be	
  18	
  to	
  25	
  mm	
  thick,	
  rather	
  
than	
  70	
  mm	
  as	
  shown,	
  with	
  consequent	
  savings	
  in	
  materials	
  and	
  weight	
  but	
  with	
  equal	
  strength.	
  Figures	
  7-­‐5	
  
and	
  7-­‐6	
  show	
  the	
  SanPlat,	
  see	
  www.sanplat.se.	
  Figure	
  7-­‐7	
  shows	
  the	
  squatting	
  plate	
  as	
  part	
  of	
  a	
  dome-­‐shaped	
  
pit	
  cover.	
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Figure 9-1. Concrete Squatting Plate
(millimeters)
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Source: Adapted from Wagner and Lanoix (1958).
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Figure 7-5: SanPlat 

 

Figure 7-6: SanPlats for Arbor Loos (Simpson, 2009) 

 
 

Sanitation in densified rural areas : technologies 

� Separate excreta disposal 
� Pit latrine: Sanplat plastic lid 

Source: LCS 

  
 

    

 
 

 
 

 
 
 
 

 

   
 

 

Method of Promotion

• Provided free slabs (cost 
US$5 each).

• Provided 2 free fruit tree 
seedlings – one for pit & 
one for control.

• Asked households to 
observe & give feedback 
to their community.

• At end of pilot, over 
3,000 Arborloos built as 
result of demand
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Figure 7-7: Squatting plate as part of dome shaped pit cover (WEDC, 1998) 
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7.3. Arbor (Sabar5) Loo6 
Useful	
  alternative	
  to	
  abandoned	
  cesspits	
  for	
  nomadic	
  Bedouin	
  communities.	
  When	
  cesspits	
  
or	
  the	
  250	
  litres	
  of	
  the	
  ‘temporary’	
  toilets	
  in	
  Area	
  ‘C’	
  are	
  full	
  and	
  cannot	
  be	
  emptied,	
  they	
  can	
  
simply	
  be	
  filled	
  with	
  soil	
  and	
  covered.	
  Although	
  there	
  is	
  no	
  benefit	
  recovered,	
  the	
  full	
  pit	
  poses	
  
no	
  immediate	
  health	
  risk,	
  and	
  with	
  time,	
  the	
  contents	
  will	
  degrade	
  naturally.	
  Alternatively,	
  the	
  
‘Arbor	
  Loo’	
  is	
  a	
  shallow	
  pit	
  that	
  is	
  filled	
  with	
  excreta	
  and	
  soil/ash	
  and	
  then	
  covered	
  with	
  soil;	
  a	
  

tree	
  planted	
  on	
  top	
  will	
  grow	
  vigorously	
  in	
  the	
  nutrient-­‐rich	
  pit.	
  

Figure 7-8: Arbor Loo (CAPS, 2012) 

	
  
	
  
Arbor	
  Loo.	
  When	
  a	
  cesspit	
  or	
  250	
  litre	
  metal	
  drum	
  is	
  full,	
  and	
  cannot	
  be	
  emptied,	
  “Fill	
  and	
  Cover”,	
  i.e.	
  filling	
  
the	
  remainder	
  of	
  the	
  pit	
  and	
  covering	
  it	
  is	
  an	
  option,	
  albeit	
  one	
  with	
  limited	
  benefits	
  to	
  the	
  environment	
  or	
  the	
  
user.	
  With	
  the	
  Arborloo	
  option,	
  a	
  tree	
  is	
  planted	
  on	
  top	
  of	
  the	
  full	
  pit	
  while	
  the	
  superstructure;	
  ring	
  beam	
  and	
  
slab	
  are	
  moved	
  from	
  the	
  full	
  pit	
  to	
  a	
  new	
  empty	
  pit	
  and	
  thus	
  repeated	
  in	
  an	
  endless	
  cycle	
  (usually	
  moved	
  once	
  
every	
  6	
  to	
  12	
  months).	
  A	
  shallow	
  pit	
  is	
  needed,	
  about	
  1	
  meter	
  deep.	
  The	
  pit	
  should	
  not	
  be	
  lined,	
  as	
  the	
  lining	
  
would	
  prevent	
  the	
  tree	
  or	
  plant	
  from	
  growing	
  properly.	
  Before	
  the	
  pit	
  is	
  used,	
  a	
  layer	
  of	
  leaves	
  is	
  put	
  into	
  the	
  
bottom.	
  After	
  each	
  defecation,	
  a	
  cup	
  of	
  soil,	
  ash	
  or	
  a	
  mixture	
  should	
  be	
  put	
  into	
  the	
  pit	
  to	
  cover	
  the	
  excreta.	
  If	
  
available,	
  leaves	
  can	
  also	
  be	
  added	
  occasionally	
  to	
  improve	
  the	
  porosity	
  and	
  air	
  content	
  of	
  the	
  pile.	
  When	
  the	
  
pit	
  is	
  full,	
  the	
  top	
  15cm	
  of	
  the	
  pit	
  is	
  filled	
  with	
  soil	
  and	
  a	
  tree	
  is	
  planted	
  in	
  the	
  soil.	
  Banana	
  guava	
  trees	
  (among	
  
many)	
  have	
  all	
  proven	
  to	
  be	
  successful.	
  A	
  tree	
  should	
  not	
  be	
  planted	
  directly	
  in	
  the	
  raw	
  excreta.	
  The	
  tree	
  starts	
  
to	
  grow	
  in	
  the	
  soil	
  and	
  its	
  roots	
  penetrate	
  the	
  composting	
  pits	
  as	
  it	
  grows.	
  It	
  may	
  be	
  best	
  to	
  wait	
  for	
  the	
  rainy	
  
season	
  before	
  planting	
  if	
  water	
  is	
  scarce.	
  Other	
  plants	
  such	
  as	
  the	
  highly	
  appreciated	
  cactus,	
  the	
  Sabar	
  or	
  
Opuntia	
  ficus-­‐indica	
  with	
  the	
  prickly	
  pears	
  can	
  also	
  be	
  planted	
  on	
  top	
  of	
  the	
  pit.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5	
  Sabar	
  (Arabic)	
  means	
  cactus	
  and	
  at	
  the	
  same	
  time	
  ‘easy/slowly’	
  
6	
  After	
  Tilley	
  (2008)	
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Figure 7-9: Sabar (UNICEF/Spit, 2012) 

	
  

Figure 7-10: Sabar Loo? (UNICEF/Spit, 2012) 

	
  
Adequacy.	
  Filling	
  and	
  covering	
  pits	
  is	
  an	
  adequate	
  solution	
  when	
  emptying	
  is	
  not	
  possible	
  and	
  when	
  there	
  is	
  
space	
  to	
  continuously	
  re-­‐dig	
  and	
  fill	
  pits.	
  The	
  Arbor/Sabar	
  Loo	
  can	
  be	
  applied	
  in	
  nomadic	
  Bedouin	
  areas,	
  but	
  
also	
  in	
  rural,	
  peri-­‐urban,	
  and	
  denser	
  areas	
  if	
  space	
  is	
  available.	
  Planting	
  a	
  tree	
  or	
  cactus	
  in	
  the	
  abandoned	
  pit	
  is	
  
a	
  good	
  way	
  to	
  reforest	
  an	
  area,	
  provide	
  a	
  sustainable	
  source	
  of	
  fresh	
  fruit	
  and	
  prevent	
  people	
  from	
  falling	
  into	
  
old	
  pit	
  sites.	
  
	
  
Health	
  Aspects/Acceptance.	
  There	
  is	
  a	
  minimal	
  risk	
  of	
  infection	
  if	
  the	
  pit	
  is	
  properly	
  covered	
  and	
  clearly	
  
marked.	
  It	
  may	
  be	
  preferable	
  to	
  cover	
  the	
  pit	
  and	
  plant	
  a	
  tree	
  rather	
  than	
  have	
  the	
  pit	
  emptied,	
  especially	
  if	
  
there	
  is	
  no	
  appropriate	
  technology	
  available	
  for	
  treating	
  the	
  faecal	
  sludge.	
  Users	
  do	
  not	
  come	
  in	
  contact	
  with	
  
the	
  faecal	
  material	
  and	
  thus	
  there	
  is	
  a	
  very	
  low	
  risk	
  of	
  pathogen	
  transmission.	
  Demonstration	
  projects	
  that	
  
allow	
  community	
  members	
  to	
  participate	
  are	
  useful	
  ways	
  of	
  showing	
  both	
  the	
  ease	
  of	
  the	
  system;	
  it’s	
  
inoffensive	
  nature,	
  and	
  the	
  nutrient	
  value	
  of	
  composted	
  excreta.	
  
	
  
Operation	
  and	
  maintenance.	
  A	
  cup	
  of	
  soil	
  and/or	
  ash	
  should	
  be	
  added	
  to	
  the	
  pit	
  after	
  each	
  defecation	
  and	
  
leaves	
  should	
  be	
  added	
  periodically.	
  Also,	
  the	
  contents	
  of	
  the	
  pit	
  should	
  be	
  periodically	
  levelled	
  to	
  prevent	
  a	
  
cone-­‐	
  shape	
  from	
  forming	
  in	
  the	
  middle	
  of	
  the	
  pit.	
  There	
  is	
  little	
  maintenance	
  associated	
  with	
  a	
  closed	
  pit	
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other	
  than	
  taking	
  care	
  of	
  the	
  tree	
  or	
  plant.	
  If	
  a	
  tree	
  is	
  planted	
  in	
  the	
  abandoned	
  pit,	
  it	
  should	
  be	
  watered	
  
regularly.	
  A	
  small-­‐fence	
  should	
  be	
  constructed	
  with	
  sticks	
  and	
  sacks	
  around	
  the	
  sapling	
  to	
  protect	
  it	
  from	
  
animals	
  (see	
  Figure	
  7-­‐10).	
  

Table 7-2: Advantages and disadvantages Arbor (Sabar) Loo 

Advantages	
   Disadvantages	
  

• Simple	
  technique	
  for	
  all	
  users	
  
• Low	
  cost	
  
• Low	
  risk	
  of	
  pathogen	
  transmission	
  	
  
• May	
  encourage	
  income	
  generation	
  (cactus	
  

planting	
  and	
  fruit	
  production)	
  
• Suitable	
  for	
  areas	
  where	
  vacuum	
  trucks	
  cannot	
  

enter	
  
• Does	
  not	
  require	
  any	
  human	
  contact	
  with	
  the	
  

waste	
  

• Labour	
  intensive	
  (a	
  new	
  pit	
  needs	
  to	
  be	
  dug	
  
every	
  6	
  to	
  12	
  month)	
  

• Does	
  not	
  prevent	
  ground	
  water	
  contamination	
  
• Not	
  suitable	
  with	
  a	
  high	
  groundwater	
  table	
  	
  
• Not	
  suitable	
  in	
  loose	
  soil	
  conditions	
  where	
  the	
  pit	
  

cannot	
  be	
  reinforced	
  (unless	
  with	
  bio-­‐degradable	
  
materials,	
  woven	
  baskets	
  or	
  with	
  wooden	
  slats	
  
leaving	
  a	
  gap	
  between	
  each	
  slat)	
  

• Is	
  only	
  possible	
  where	
  there	
  is	
  enough	
  space	
  

	
  
See	
  also:	
  
• Appendix	
  2-­‐5:	
  WASTE	
  DST	
  Reuse	
  and	
  Disposal;	
  
• Appendix	
  3-­‐1:	
  SSWM	
  Arbor	
  Loo.	
  
	
  
Design	
  Arbor	
  Loo.	
  The	
  approximate	
  volume	
  of	
  the	
  pit	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  
equations:	
  
• V	
  =	
  N	
  *	
  S	
  *	
  T	
  /	
  1000;	
  
• F	
  =	
  N	
  *	
  q	
  /	
  i.	
  
	
  
Where:	
  
V	
  =	
  Pit	
  volume	
  (m3);	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
S	
  =	
  Sludge	
  accumulation	
  rate	
  (lcy,	
  litres/cap/year),	
  see	
  section	
  4.3;	
  
T	
  =	
  Lifetime	
  pit;	
  
F	
  =	
  Infiltration	
  area	
  (m2);	
  	
  
q	
  =	
  Amount	
  of	
  water	
  used	
  for	
  anal	
  cleansing	
  and	
  flushing	
  (lcd);	
  
i	
  =	
  infiltration	
  capacity	
  soil	
  (l/m2/day),	
  see	
  section	
  4.3.	
  
	
  
A	
  square	
  shaped	
  pit,	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  a	
  sludge	
  accumulation	
  rate	
  of	
  40	
  lcy	
  (S=40),	
  a	
  lifetime	
  of	
  1	
  
year	
  (T=1),	
  and	
  a	
  water	
  use	
  of	
  2	
  lcd	
  (q	
  =	
  2)	
  and	
  an	
  infiltration	
  rate	
  of	
  20	
  l/m2/day	
  (i=20),	
  the	
  Volume	
  (V)	
  and	
  
Infiltration	
  area	
  (F)	
  are:	
  
• V	
  =	
  8	
  *	
  40	
  *	
  1	
  /	
  1000	
  =	
  0.32	
  m3,	
  say	
  a	
  pit	
  1	
  m’	
  *	
  1	
  m’,	
  a	
  sludge	
  depth	
  of	
  0.32	
  m’;	
  
• F	
  =	
  8	
  *	
  2	
  /	
  20	
  =	
  0.8	
  m2;	
  hence	
  a	
  liquid	
  depth	
  of	
  0.8/4	
  =	
  0.2	
  m’	
  at	
  a	
  pit	
  circumference	
  of	
  4	
  m2	
  per	
  1	
  m’	
  

depth;	
  
• Total	
  pit	
  depth	
  with	
  a	
  freeboard	
  of	
  30	
  cm:	
  sludge	
  depth	
  +	
  liquid	
  depth	
  +	
  freeboard	
  =	
  0.32	
  m’	
  +	
  0.2	
  m’	
  +0.3	
  

m’	
  =	
  0.82	
  m’.	
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7.4. Fossa Alterna7 
Useful	
  alternative	
  to	
  lined	
  cesspits	
  for	
  static	
  Bedouin	
  communities.	
  When	
  a	
  cesspit	
  in	
  the	
  
‘temporary’	
  toilets	
  in	
  Area	
  ‘C’	
  is	
  full	
  and	
  can	
  be	
  emptied,	
  it	
  can	
  be	
  converted	
  into	
  a	
  Fossa	
  
Alterna	
  (see	
  Figure	
  7-­‐11),	
  which	
  is	
  an	
  alternating,	
  waterless	
  (dry)	
  double	
  pit	
  technology.	
  
Compared	
  to	
  the	
  Double	
  Ventilated	
  Improved	
  Pit	
  Latrine	
  (see	
  Appendix	
  2-­‐2	
  WASTE	
  DST	
  
Collection	
  Storage	
  Treatment),	
  which	
  is	
  just	
  designed	
  to	
  collect,	
  store	
  and	
  partially	
  treat	
  

excreta,	
  the	
  Fossa	
  Alterna	
  is	
  designed	
  to	
  make	
  “EcoHumus”	
  or	
  “humanure”.	
  The	
  Fossa	
  Alterna	
  is	
  dug	
  to	
  a	
  
maximum	
  depth	
  of	
  1.5	
  m’	
  and	
  requires	
  a	
  constant	
  input	
  of	
  soil.	
  One	
  of	
  the	
  Fossa	
  Alterna	
  pits	
  should	
  fill	
  over	
  a	
  
period	
  of	
  12–24	
  months	
  depending	
  on	
  the	
  size	
  of	
  the	
  pit	
  and	
  the	
  number	
  of	
  users.	
  The	
  full	
  pit	
  should	
  be	
  sized	
  
to	
  ensure	
  that	
  the	
  contents	
  of	
  the	
  first	
  pit	
  degrade	
  during	
  the	
  time	
  it	
  takes	
  for	
  the	
  second	
  pit	
  to	
  fill	
  up,	
  which,	
  
ideally,	
  should	
  take	
  one	
  year.	
  The	
  material	
  in	
  the	
  full	
  pit	
  will	
  degrade	
  into	
  a	
  dry,	
  earth-­‐like	
  mixture	
  that	
  can	
  be	
  
easily	
  removed	
  manually.	
  “Bulking	
  material”	
  such	
  as	
  soil,	
  ash,	
  and/or	
  leaves	
  should	
  be	
  added	
  to	
  the	
  pit	
  after	
  
defecation	
  (not	
  urination).	
  The	
  soil	
  and	
  leaves	
  introduce	
  a	
  variety	
  of	
  organisms	
  like	
  worms,	
  fungi	
  and	
  bacteria,	
  
which	
  help	
  in	
  the	
  degradation	
  process.	
  Also,	
  the	
  pore	
  space	
  is	
  increased,	
  which	
  allows	
  for	
  anaerobic	
  
conditions.	
  Additionally,	
  the	
  ash	
  helps	
  to	
  control	
  flies,	
  reduce	
  odours	
  and	
  make	
  the	
  mix	
  slightly	
  more	
  alkaline.	
  
The	
  Fossa	
  Alterna	
  should	
  be	
  used	
  for	
  urine,	
  but	
  water	
  should	
  not	
  be	
  added	
  (small	
  amounts	
  of	
  anal	
  cleansing	
  
water	
  can	
  be	
  tolerated).	
  Water	
  encourages	
  the	
  development	
  of	
  vectors	
  and	
  pathogens	
  but	
  it	
  also	
  fills	
  the	
  
pore-­‐	
  spaces	
  and	
  deprives	
  the	
  aerobic	
  bacteria	
  of	
  the	
  oxygen	
  that	
  is	
  required	
  for	
  degradation.	
  The	
  choice	
  of	
  
User	
  Interface	
  will	
  determine	
  the	
  material	
  that	
  enters	
  the	
  pit.	
  Since	
  bulking	
  material	
  is	
  used	
  to	
  continuously	
  
cover	
  the	
  excreta,	
  and	
  remove	
  moisture	
  which	
  in	
  turn	
  removes	
  any	
  smell.	
  This	
  can	
  be	
  further	
  reduced	
  with	
  the	
  
addition	
  of	
  a	
  ventilation	
  pipe.	
  

Figure 7-11: Fossa Alterna (Tilley, 2008) 

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
7	
  After	
  Tilley	
  (2008)	
  

The Fossa Alterna is an alternating, waterless (dry)
double pit technology. Compared to the Double VIP
which is just designed to collect, store and partially
treat excreta, the Fossa Alterna is designed to make
EcoHumus. The Fossa Alterna is dug to a maximum
depth of 1.5 m and requires a constant input of soil.

One of the Fossa Alterna pits should fill over a period of
12–24 months depending on the size of the pit and the
number of users. The full pit degrades during the period
of time that the second pit is filling, which, ideally,
should take one year. The material in the full pit will
degrade into a dry, earth-like mixture that can be easily
removed manually.
Soil, ash, and/or leaves should be added to the pit after
defecation (not urination). The soil and leaves introduce
a variety of organisms like worms, fungi and bacteria
which help in the degradation process. Also, the pore
space is increased, which allows for anaerobic condi-
tions. Additionally, the ash helps to control flies, reduce
odours and make the mix slightly more alkaline.
The Fossa Alterna should be used for urine, but water
should not be added (small amounts of anal cleansing
water can be tolerated). Water encourages the develop-

ment of vectors and pathogens but it also fills the pore-
spaces and deprives the aerobic bacteria of the oxygen
that is required for degradation. The choice of User
Interface will determine the material that enters the pit.
Since bulking material is used to continuously cover the
excreta, smells are reduced but the addition of a venti-
lation pipe can reduce the smells even further.
The Fossa Alterna pits are relatively shallow with a
depth of 1.5m. Even though the pits are shallow, this
should be more than enough space to accommodate a
family of 6 for one year. To optimize the space, the
material that mounds in the centre of the pit (under-
neath the toilet) should be pushed to the sides period-
ically. Unlike a simple or ventilated pit which will be cov-
ered or emptied, the material in the Fossa Alterna is
meant to be reused. Therefore, it is extremely important
that no garbage is put into the pit as it will reduce the
quality of the material recovered, and may even make it
unusable.
Emptying the Fossa Alterna is easier than emptying
other pits: the pits are shallower and the addition of soil
means that the material is less compact. The material
that is removed is not offensive and presents a reduced
threat of contamination.
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The	
  Fossa	
  Alterna	
  pits	
  are	
  relatively	
  shallow	
  with	
  a	
  depth	
  of	
  1.5	
  meters.	
  Even	
  though	
  the	
  pits	
  are	
  shallow,	
  this	
  
should	
  be	
  more	
  than	
  enough	
  space	
  to	
  accommodate	
  a	
  family	
  of	
  8	
  for	
  one	
  year.	
  To	
  optimize	
  the	
  space,	
  the	
  
material	
  that	
  mounds	
  in	
  the	
  centre	
  of	
  the	
  pit	
  (underneath	
  the	
  toilet)	
  should	
  be	
  pushed	
  to	
  the	
  sides	
  
periodically.	
  Unlike	
  a	
  simple	
  or	
  ventilated	
  pit,	
  which	
  will	
  be	
  covered	
  or	
  emptied,	
  the	
  material	
  in	
  the	
  Fossa	
  
Alterna	
  is	
  meant	
  to	
  be	
  reused.	
  Therefore,	
  it	
  is	
  extremely	
  important	
  that	
  no	
  garbage	
  is	
  put	
  into	
  the	
  pit	
  as	
  it	
  will	
  
reduce	
  the	
  quality	
  of	
  the	
  material	
  recovered,	
  and	
  may	
  even	
  make	
  it	
  unusable.	
  Emptying	
  the	
  Fossa	
  Alterna	
  is	
  
easier	
  than	
  emptying	
  other	
  pits:	
  the	
  pits	
  are	
  shallower	
  and	
  the	
  addition	
  of	
  soil	
  means	
  that	
  the	
  material	
  is	
  less	
  
compact.	
  The	
  material	
  that	
  is	
  removed	
  is	
  not	
  offensive	
  and	
  presents	
  a	
  reduced	
  threat	
  of	
  contamination.	
  
	
  
Ventilation	
  pipe8.	
  Pit	
  ventilation	
  has	
  an	
  important	
  role	
  in	
  reducing	
  flies	
  and	
  mosquito	
  breeding.	
  The	
  draft	
  
discourages	
  adult	
  flies	
  and	
  mosquitoes	
  from	
  entering	
  and	
  laying	
  eggs.	
  Nevertheless,	
  some	
  eggs	
  will	
  be	
  laid	
  and	
  
eventually	
  adults	
  will	
  emerge.	
  Flies	
  are	
  attracted	
  to	
  light,	
  therefore	
  if	
  a	
  lid	
  is	
  placed	
  on	
  the	
  defecation	
  hole	
  
after	
  each	
  use,	
  the	
  only	
  source	
  of	
  light	
  will	
  be	
  from	
  the	
  top	
  of	
  the	
  vent	
  pipe.	
  If	
  the	
  vent	
  pipe	
  is	
  large	
  enough	
  to	
  
let	
  light	
  into	
  the	
  pit,	
  and	
  if	
  the	
  superstructure	
  is	
  sufficiently	
  dark,	
  the	
  flies	
  will	
  try	
  to	
  escape	
  up	
  the	
  vent	
  pipe.	
  
The	
  vent	
  pipe,	
  therefore	
  should	
  be	
  covered	
  by	
  a	
  gauze	
  screen	
  so	
  that	
  the	
  flies	
  are	
  prevented	
  from	
  escaping	
  
and	
  spreading	
  disease,	
  and	
  eventually	
  fall	
  back	
  to	
  die	
  in	
  the	
  pit.	
  Both	
  the	
  vent	
  pipe	
  and	
  the	
  gauze	
  screen	
  must	
  
be	
  made	
  from	
  corrosion-­‐resistant	
  materials	
  (for	
  example,	
  fiberglass	
  or	
  PVC).	
  It	
  is	
  recommended	
  that	
  the	
  pipe	
  
diameter	
  should	
  be	
  75	
  to	
  200	
  mm	
  and	
  that	
  it	
  should	
  extend	
  300	
  to	
  600	
  mm	
  above	
  the	
  roof	
  to	
  allow	
  any	
  smell	
  
to	
  dissipate	
  away	
  from	
  the	
  area.	
  	
  
	
  
Adequacy	
  The	
  Fossa	
  Alterna	
  is	
  appropriate	
  for	
  static	
  Bedouin	
  communities	
  without	
  a	
  reliable	
  water	
  supply	
  as	
  
it	
  is	
  especially	
  adapted	
  to	
  water-­‐scarce	
  environments.	
  See	
  Figure	
  7-­‐12.	
  It	
  is	
  a	
  useful	
  solution	
  for	
  areas	
  that	
  
have	
  poor	
  soil	
  and	
  could	
  benefit	
  from	
  the	
  composted	
  humus	
  material	
  as	
  a	
  soil	
  amendment.	
  A	
  constant	
  source	
  
of	
  soil,	
  ash	
  and/or	
  leaves	
  is	
  required.	
  The	
  Fossa	
  Alterna	
  is	
  not	
  appropriate	
  for	
  grey	
  water	
  as	
  the	
  pit	
  is	
  shallow	
  
and	
  the	
  conditions	
  must	
  remain	
  aerobic	
  for	
  degradation.	
  Another	
  grey	
  water	
  treatment	
  system	
  must	
  be	
  used	
  
in	
  parallel.	
  The	
  material	
  is	
  manually	
  emptied	
  from	
  the	
  Fossa	
  Alterna	
  (it	
  is	
  dug	
  out,	
  not	
  pumped	
  out),	
  so	
  vacuum	
  
truck	
  access	
  to	
  the	
  pits	
  is	
  not	
  necessary.	
  The	
  Fossa	
  Alterna	
  technology	
  will	
  only	
  work	
  properly	
  if	
  the	
  two	
  pits	
  
are	
  used	
  sequentially	
  and	
  not	
  concurrently.	
  Therefore,	
  an	
  adequate	
  cover	
  for	
  the	
  pit	
  that	
  is	
  currently	
  not	
  in	
  
use	
  is	
  required.	
  
The	
  Fossa	
  Alterna	
  is	
  especially	
  appropriate	
  when	
  water	
  is	
  scarce.	
  It	
  is	
  not	
  suited	
  for	
  rocky	
  or	
  compacted	
  soils	
  
(that	
  are	
  difficult	
  to	
  dig)	
  or	
  for	
  areas	
  that	
  flood	
  frequently.	
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Figure 7-12: Area suitable for Fossa Alterna (UNICEF/Spit, 2012) 

	
  
	
  
Health	
  Aspects/Acceptance.	
  By	
  covering	
  faeces	
  with	
  soil/ash,	
  flies	
  and	
  odours	
  are	
  kept	
  to	
  a	
  minimum.	
  Public	
  
health	
  engineers	
  and	
  promoters	
  are	
  encouraged	
  to	
  review	
  the	
  different	
  between	
  the	
  Fossa	
  Alterna	
  and	
  a	
  
Double	
  VIP,	
  as	
  the	
  former	
  offers	
  a	
  more	
  environmentally	
  sustainable	
  solution	
  that	
  is	
  also	
  conducive	
  to	
  
improved	
  safe	
  management	
  of	
  excreta.	
  Demonstration	
  units	
  can	
  be	
  used	
  to	
  show	
  how	
  easily	
  one	
  can	
  empty	
  a	
  
Fossa	
  Alterna	
  in	
  comparison	
  to	
  emptying	
  a	
  Double	
  Pit.	
  Keeping	
  the	
  contents	
  sealed	
  in	
  the	
  pit	
  for	
  the	
  duration	
  
of	
  at	
  least	
  one	
  year	
  makes	
  the	
  material	
  safer	
  and	
  easy	
  to	
  handle.	
  The	
  same	
  precautions	
  that	
  are	
  taken	
  when	
  
handling	
  compost	
  should	
  be	
  taken	
  with	
  the	
  humus	
  derived	
  from	
  the	
  Fossa	
  Alterna.	
  
	
  
Maintenance.	
  When	
  the	
  first	
  pit	
  is	
  put	
  into	
  use,	
  a	
  layer	
  of	
  leaves	
  should	
  be	
  put	
  into	
  the	
  bottom	
  of	
  the	
  pit.	
  
Periodically,	
  more	
  leaves	
  should	
  be	
  added	
  to	
  increase	
  the	
  porosity	
  and	
  oxygen	
  availability.	
  Following	
  the	
  
addition	
  of	
  faeces	
  to	
  the	
  pit,	
  a	
  small	
  amount	
  of	
  soil	
  or	
  ash	
  should	
  be	
  added.	
  To	
  lengthen	
  the	
  filling	
  time	
  of	
  the	
  
pit	
  soil	
  is	
  not	
  added	
  to	
  the	
  pit	
  following	
  urination.	
  Occasionally,	
  the	
  mounded	
  material	
  beneath	
  the	
  toilet	
  hole	
  
should	
  be	
  pushed	
  to	
  the	
  sides	
  of	
  the	
  pit	
  for	
  an	
  even	
  distribution	
  of	
  materials.	
  Depending	
  on	
  the	
  dimensions	
  of	
  
the	
  pits,	
  materials	
  should	
  be	
  emptied	
  every	
  year.	
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Table 7-3: Fossa Altera at a glance 

	
  

	
  

Table 7-4: Advantages and disadvantages Fossa Alterna 

Advantages	
   Disadvantages	
  

• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  
materials	
  

• Because	
  double	
  pits	
  are	
  used	
  alternately,	
  their	
  
life	
  is	
  virtually	
  unlimited	
  

• Excavation	
  of	
  humus	
  is	
  easier	
  than	
  faecal	
  sludge	
  
• Potential	
  for	
  use	
  of	
  stored	
  faecal	
  material	
  as	
  soil	
  

conditioner	
  
• Flies	
  and	
  odours	
  are	
  significantly	
  reduced	
  

(compared	
  to	
  non-­‐ventilated	
  pits)	
  
• Does	
  not	
  require	
  a	
  constant	
  source	
  of	
  water	
  
• Suitable	
  for	
  all	
  types	
  of	
  users	
  
• Low	
  (but	
  variable)	
  capital	
  costs	
  depending	
  on	
  the	
  

superstructure	
  materials;	
  	
  
• No	
  or	
  low	
  operating	
  costs	
  if	
  self-­‐emptied	
  
• Suitable	
  for	
  areas	
  with	
  limited	
  space	
  
• Suitable	
  for	
  areas	
  where	
  vacuum	
  trucks	
  cannot	
  

enter.	
  
• Significant	
  reduction	
  in	
  pathogens	
  

• Requires	
  constant	
  maintenance	
  ensuring	
  
deposits	
  of	
  regular	
  material	
  
(soil,	
  ash,	
  leaves,	
  etc.)	
  
	
  
Placing	
  of	
  any	
  garbage	
  in	
  the	
  pit	
  may	
  ruin	
  reuse	
  
opportunities	
  to	
  create	
  
Compost/EcoHumus	
  
	
  

• Not	
  suitable	
  for	
  high	
  groundwater	
  table	
  areas	
  or	
  
those	
  prone	
  to	
  flooding	
  (unless	
  pit	
  is	
  lined	
  and	
  
impermeable,	
  or	
  built	
  above-­‐ground	
  similar	
  to	
  
design	
  shown	
  in	
  figure	
  7-­‐13).	
  

	
  
See	
  also:	
  
• Appendix	
  2-­‐5:	
  WASTE	
  DST	
  Reuse	
  and	
  Disposal;	
  
• Appendix	
  3-­‐2:	
  SSWM	
  Fossa	
  Alterna.	
  
	
  
Design.	
  The	
  same	
  procedure	
  can	
  be	
  followed	
  as	
  for	
  the	
  Arbor	
  Loo.	
  See	
  section	
  7.3.	
  
	
  

Fossa alterna with a urine diversion component (optional). Source: SuSanA on Flickr (2010)

The fossa alterna pits are relatively shallow with a depth of 1.5 m. Even though the pits are shallow, this should be
more than enough space to accommodate a family of 6 for one year. To optimise the space, the material that
mounds in the centre of the pit (underneath the toilet) should be pushed to the sides periodically. Unlike a simple
or ventilated pit, which will be covered or emptied, the material in the fossa alterna is meant to be reused.
Therefore, it is extremely important that no garbage is put into the pit as it will reduce the quality of the material
recovered, and may even make it unusable.

Health Aspects

The slab can easily be moved by two persons. Work gloves avoid injuries and infections. Source: B. STAUFFER (2010)

By covering faeces with dry material, flies and odours are kept on a minimum and the risk of infection is small.
Keeping the contents sealed in the pit for the duration of at least one year makes the material safer and easy to
handle. Furthermore the transmission of pathogens can be kept low. Demonstration units can be used to show how
easily the fossa alterna can be maintained. Emptying the fossa alterna is easier than emptying other pits: the pits
are shallower and the addition of soil means that the material is less compact (see also motorised and human
powered). Also the nutrient value of composted excreta and its inoffensive nature can be shown .

At a Glance

Working Principle

The fossa alterna consists of two partially lined pits and is designed to make compost, which
can be used in agriculture to improve soil quality. The fossa alterna requires a constant input of
soil. One of the pits is used at a time. When the first pit is filled up it is closed and the other pit
is put in use

Capacity/AdequacyThe fossa alterna is designed for rural and peri-urban areas. It is simple to build and can be
constructed by the user itself with locally available material.

Performance The decomposition of the faecal material is going well as long as dry material is added and
water inlet is prevented

Costs Low-cost
Self-help
Compatibility

Can be built and repaired with locally available material. It must be maintained correctly
(instruction by an expert).

O&M The fossa alterna requires the frequent addition of dry material (soil, leaves, ash).
Reliability If well maintained and constructed, high.
Main strength No water required; Produces humanure.
Main weakness Requires large amount of dry material. Not suitable with a high groundwater table.

Applicability
The fossa alterna is appropriate for rural and peri-urban areas. It is especially adapted to water-scarce
environments as it is a dry system. It is a useful solution for areas that have poor soil and could benefit from the
composted humic material as a soil amendment. A constant source of soil, ash and/or leaves is required. It is not
suited for rocky or compacted soils (that are difficult to dig) or for areas that flood frequently (and have high
groundwater table).

The fossa alterna is not appropriate for use in areas with a high groundwater table as the pit is shallow and the
conditions must remain aerobic for degradation. A [1783-urine diversion toilet] slab can be used with the fossa
alterna, but only in circumstances when the soil cannot sufficiently absorb the urine or when urine is highly valued
for application.

The material is manually emptied from the fossa alterna (it is dug out, not pumped out), so vacuum truck access to
the pits is not necessary.

The fossa alterna technology will only work properly if the two pits are used sequentially and not concurrently.
Therefore, an adequate cover for the out of service pit is required.

Advantages
Can be built and repaired with locally available materials, requires little land
Because double pits are used alternately, their life is virtually unlimited
Excavation of humus is easier than faecal sludge
Potential for use of stored faecal material as soil conditioner (similar to compost)
Flies, pathogens and odours are significantly reduced (compared to non-ventilated wet pits)
Does not require a constant source of water
Suitable for all types of user (sitters, squatters, washers and wipers)
Low (but variable) capital costs depending on materials; no or low operating costs if self-emptied

Disadvantages
Requires constant source of cover material (soil, ash, leaves, etc.)
Garbage may ruin reuse opportunities of the compost
Even though a small land area is required, it needs space for two pits
Requires that correct reuse or disposal of the compost
Pathogens could spread from overflowing chambers
Not suitable with a high groundwater table
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7.5. Dry Urine Diversion Toilets9 
A	
  useful	
  alternative	
  for	
  Bedouin	
  communities	
  in	
  
hard	
  rock	
  areas,	
  who	
  are	
  used	
  to	
  work	
  with	
  manure.	
  
The	
  toilet	
  has	
  two	
  compartments,	
  keeping	
  urine	
  and	
  
faeces	
  separate.	
  See	
  Figure	
  7-­‐13.	
  Urine	
  leaves	
  the	
  
toilet	
  through	
  a	
  pipe	
  /	
  tube.	
  Faeces	
  are	
  stored	
  

directly	
  beneath	
  the	
  toilet.	
  After	
  defecation,	
  dry	
  soil,	
  ash	
  or	
  sawdust	
  is	
  spread	
  over	
  the	
  faeces,	
  controlling	
  
odour	
  by	
  absorbing	
  moisture.	
  Men,	
  as	
  well	
  as	
  women,	
  need	
  to	
  sit	
  while	
  urinating	
  to	
  ensure	
  that	
  the	
  urine	
  is	
  
diverted	
  into	
  the	
  correct	
  channel.	
  Water	
  used	
  for	
  anal	
  cleaning	
  must	
  be	
  kept	
  separate	
  in	
  order	
  not	
  to	
  dilute	
  
faeces	
  or	
  pollute	
  urine	
  with	
  pathogens.	
  This	
  requires	
  a	
  separate	
  facility	
  for	
  anal	
  cleaning.	
  Small	
  amounts	
  of	
  
anal	
  cleaning	
  water	
  can	
  be	
  infiltrated.	
  Larger	
  volumes	
  need	
  to	
  be	
  treated	
  (together	
  with	
  grey	
  water)	
  to	
  
prevent	
  ground	
  water	
  pollution.	
  Dry	
  urine	
  diversion	
  toilets	
  can	
  be	
  made	
  out	
  of	
  ceramic,	
  ferrocement,	
  fibre-­‐
enforced	
  materials,	
  or	
  strong,	
  durable,	
  plastic	
  and	
  painted	
  wood.	
  It	
  is	
  important	
  that	
  the	
  surface	
  is	
  smooth	
  and	
  
hardened.	
  
	
  
Applying	
  conditions	
  
• Dry	
  urine	
  diversion	
  toilets	
  are	
  used	
  in	
  regions	
  that	
  are	
  water	
  scarce,	
  or	
  that	
  have	
  an	
  impermeable	
  soil	
  or	
  a	
  

high	
  ground	
  water	
  table;	
  
• They	
  are	
  suitable	
  in	
  rural	
  and	
  suburban	
  areas,	
  where	
  urine	
  and	
  faeces	
  can	
  be	
  used	
  in	
  agriculture;	
  
• There	
  needs	
  to	
  be	
  sufficient	
  public	
  awareness	
  about	
  the	
  risks	
  of	
  handling	
  urine	
  and	
  faeces;	
  
• Experiences	
  on	
  the	
  West	
  Bank	
  are	
  mixed,	
  so	
  there	
  needs	
  to	
  be	
  a	
  considerable	
  efforts	
  to	
  encourage	
  

behaviour	
  change.	
  
	
  
Further	
  reading.	
  The	
  reader	
  is	
  invited	
  to	
  learn	
  more	
  on	
  these	
  systems	
  by	
  consulting:	
  
• Appendix	
  2-­‐5:	
  WASTE	
  DST	
  Reuse	
  and	
  Disposal;	
  
• Appendix	
  3-­‐3:	
  SSWM	
  UDDT;	
  
• Appendix	
  3-­‐4:	
  SSWM	
  Compost	
  Filters;	
  
• Appendix	
  3-­‐5:	
  SSWM	
  Terra	
  Preta	
  Sanitation.	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
9	
  Smart	
  Sanitation	
  Solutions,	
  WASTE	
  (2006)	
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A urine diverting dry toilet (UDDT) is a 
toilet operating without water and sep-
arating the liquid (urine) from the sol-
id (faeces) fraction. In a UDDT toilet, 
urine is collected and drained from the 
front area of the toilet, while faeces fall 
through a large chute (hole) in the back 
of the toilet (Figure 5). It is important 
for the two sections of the toilet to be 
well separated so that a) urine does not 
splash down into the ‘dry’ area of the toi-
let and b) faeces do not fall into and clog 
the urine collection area in the front. As 
shown in Figure 5 and depending on user 
preference, either a pedestal or a squat 
slab can be built/used to separate urine 
from faeces. (Tilley 2008)

The dry toilet is quite simple to design 
and build and can be altered to suit the 
needs of specific populations (i. e. small 
children, people who prefer to squat 
etc.).

The UDDT is not intuitive or immediately 
obvious to all users. Users may at first be 
hesitant to use it, and mistakes (e. g. fae-
ces in the urine bowl) may also deter oth-
ers from accepting this type of toilet. Ed-
ucation and demonstration projects are 
essential in achieving good acceptance 
among users.

Advantages

+ No need for water

+ Since faeces are dry and urine is sepa-
rated, smells are minimal, though a lid 
should be used

+ Can be built on site with locally available 
materials

+ Very inexpensive

Disadvantages/Concerns

− Its use may be difficult for some people 
(heavy, old and young)

− Faeces can be accidentally deposited in 
the urine section and lead to clogging 
and cleaning problems

− Urine pipes/fittings can become blocked 
with time

Figure 5: Two types of urine diverting toilets. The left photo shows a pedestal type, the  
illustration on the right a squatting version. (Left: Morgan 2003, Zimbabwe; right: source  
unknown)

A UDDT is slightly more difficult to keep 
clean than other toilets due to its lack 
of water and need to separate the sol-
id from the liquid fraction. Since it forms 
part of a dry system, water should not 
be poured down the toilet, although 
the seat and the inner bowls should be 
wiped with a damp cloth. Metals should 
be avoided, as they tend to rust in the 
presence of urine.

UDDTs come in a variety of shapes 
and sizes. A concrete and chicken wire 
pedestal could be made for as little as 
$ 5−10. Plastic squatting pans can some-
times be bought for as little as $ 2−3. 
More elaborate injection moulded fibre-
glass or stainless steel squat slabs can 
be much pricier.



Technical	
  guidance	
  manual	
  on	
  household	
  sanitation	
  and	
  wastewater	
  reuse	
  facilities	
  For	
  WASH	
  cluster	
  
partners	
  for	
  appropriate	
  facilities	
  in	
  urban	
  and	
  rural	
  communities	
  in	
  occupied	
  Palestine	
  territory	
  
PART	
  2:	
  DESIGN	
  OF	
  SYSTEMS	
  
	
  

©	
  UNICEF/Spit,	
  2015	
   Issue	
  Date:	
  26	
  April	
  2012	
   	
  
Author:	
  Jan	
  Spit	
   Document	
  Status:	
  Final	
   	
  
	
  
	
  
	
   	
  

7-­‐17	
  	
  

Figure 7-13 (below): UDD Toilet (CAPS, 2012) 

	
  
	
  

Figure 7-14 (below): Urine Diversion Toilet with washing facility (CAPS, 2012) 

	
  

Figure 7-15 (right): Compost toilet in Bethlehem 
(UNICEF/Spit, 2012) 
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8. Wet on-site sanitation systems 

8.1. Introduction 
In	
  section	
  4.2	
  we	
  provided	
  a	
  menu	
  of	
  various	
  technologies	
  that	
  could	
  be	
  selected.	
  The	
  menu	
  of	
  potential	
  wet	
  
systems	
  is	
  presented	
  in	
  Figure	
  8-­‐1.	
  Wet	
  systems	
  are	
  suitable	
  in	
  areas	
  where	
  enough	
  water	
  is	
  available	
  to	
  
assure	
  that	
  the	
  water	
  seal	
  of	
  the	
  toilet	
  is	
  filled	
  with	
  water.	
  See	
  Figure	
  8-­‐2.	
  

Figure 8-1: Technology selection menu wet systems 

	
  

Figure 8-2: Water seal 
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8.2. Twin Leaching Pits 
The	
  Twin	
  Leaching	
  Pit	
  technology	
  is	
  an	
  excellent	
  way	
  to	
  upgrade	
  an	
  existing	
  250	
  litre	
  cesspit	
  in	
  
static	
  communities	
  where	
  there	
  is	
  adequate	
  water	
  available	
  for	
  flushing.	
  See	
  Figure	
  8-­‐3.	
  

 

 

Figure 8-3: Future Twin Leaching Pit? (UNICEF/Spit, 2012) 

	
  

Twin	
  Leaching	
  Pits10	
  for	
  pour-­‐flush	
  toilets	
  are	
  two	
  
underground	
  leaching	
  pits	
  linked	
  to	
  one	
  single	
  pour-­‐
flush	
  toilet	
  by	
  a	
  Y-­‐junction	
  or	
  control	
  box.	
  See	
  Figure	
  
8-­‐4,	
  Figure	
  8-­‐5	
  and	
  Figure	
  8-­‐7.	
  The	
  two	
  pits	
  are	
  used	
  
alternately	
  with	
  both	
  urine	
  and	
  feaces	
  entering	
  one	
  
pit	
  at	
  a	
  time.	
  Black	
  water	
  (i.e.	
  excreta,	
  flushing	
  water	
  
and	
  anal	
  cleansing	
  water)	
  is	
  directed	
  into	
  one	
  of	
  the	
  
pits.	
  The	
  pits	
  are	
  lined	
  either	
  with	
  a	
  porous	
  material	
  
or	
  holes	
  in	
  the	
  walls	
  allowing	
  the	
  liquid	
  to	
  infiltrate	
  
into	
  the	
  surrounding	
  soil.	
  See	
  Figure	
  8-­‐6.	
  During	
  soil	
  
infiltration,	
  most	
  of	
  the	
  pathogens	
  are	
  filtered	
  or	
  
die-­‐off	
  with	
  time	
  and	
  distance	
  -­‐	
  but	
  in	
  high	
  
groundwater	
  table	
  and/or	
  densely	
  populated	
  areas,	
  

it	
  can	
  still	
  lead	
  to	
  the	
  pollution	
  of	
  ground	
  water.	
  Solids	
  accumulate	
  on	
  the	
  bottom	
  of	
  the	
  pit	
  and	
  start	
  to	
  
decompose	
  by	
  a	
  combination	
  of	
  composting	
  (aerobic	
  digestion)	
  and	
  anaerobic	
  digestion	
  processes.	
  When	
  one	
  
pit	
  is	
  full,	
  it	
  is	
  sealed	
  and	
  left	
  aside	
  for	
  complete	
  decomposition	
  of	
  solids,	
  while	
  the	
  other	
  is	
  brought	
  in	
  use.	
  
When	
  the	
  decomposition	
  of	
  solids	
  is	
  completed	
  (in	
  general	
  after	
  1-­‐2	
  years),	
  the	
  end	
  product	
  is	
  sanitized	
  (see	
  
section	
  4.3)	
  but	
  still	
  contains	
  good	
  organic	
  matter	
  and	
  nutrients	
  that	
  can	
  be	
  reused	
  on-­‐site,	
  much	
  like	
  
compost,	
  to	
  improve	
  soil	
  fertility	
  and	
  fertilize	
  crops.	
  	
  

Figure 8-4: Twin Leaching pit cross-section (measurements in mm) (Kalbermatten, 2012) 

	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
10	
  After	
  Tilley	
  (2008)	
  and	
  Tilley/Sandec	
  (2008)	
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Limitations and risks

■ The widespread practice of manual desludging of excreta and its indiscriminate
disposal presents a major health risk.

■ Pollution of groundwater is likely if the bottom of the pit is less than 2 meters above the
groundwater table and people collect drinking water from shallow wells located close to pits.
Deeper groundwater may also become contaminated if the underlying ground is fissured rock.

■ There are many instances where pits work well initially but problems arise later when
water use increases. In this situation, residents often connect their toilets to the surface
water drainage system.

■ Leach pits are not normally designed to cater for sullage water, nevertheless it is
sometimes discharged to pits and can result in overflowing, causing nuisance and a
potential health hazard close to houses.

Management arrangements

■ Responsibility for maintenance rests primarily with the householder, who will need to
pay a private or public service provider to remove the pit contents and transport off-site
for treatment and disposal.

How much does it cost?

■ Capital costs: Varies considerably from Rs 3,500 (US$85)3 upwards, depending on
superstructure construction and ground conditions. Raising the latrine above ground
level will increase the construction cost.

■ Operating costs: Approximately Rs 200–300 (US$5–7) per year.

Links to other technologies

■ Pit emptying and fecal sludge treatment.

Figure 7: Pour Flush Latrine with Offset Single Pit

3 US$1 = INR 41 (approximately, as of October 2007). Conversion rates are from https://www.cia.gov/library/publications/the-
world-factbook/fields/2076.html; all conversions in the text are approximations.

Source: Cairncross, Sandy, and Richard Feachem. Environmental Health Engineering in the Tropics: An Introductory Text.
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Figure 8-5: Twin Leaching Pit (WSP, 2008) 

	
  

Figure 8-6: Detail pit (SHAW/Spit, Indonesia 2012) 

	
  
	
  
As	
  the	
  effluent	
  leaches	
  from	
  the	
  pit	
  and	
  migrates	
  through	
  the	
  dry	
  soil,	
  faecal	
  organisms	
  are	
  removed.	
  The	
  
degree	
  of	
  faecal	
  organism	
  removal	
  varies	
  with	
  soil	
  type,	
  distance	
  travelled,	
  moisture	
  and	
  other	
  environmental	
  
factors.	
  There	
  is	
  a	
  risk	
  of	
  groundwater	
  pollution	
  whenever	
  there	
  is	
  a	
  high	
  or	
  variable	
  water	
  table,	
  fissures	
  
and/or	
  cracks	
  in	
  the	
  bed-­‐	
  rock.	
  It	
  is	
  important	
  to	
  know	
  the	
  groundwater	
  table	
  depth	
  and	
  soil	
  type	
  as	
  viruses	
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Limitations and risks

■ Householders may not understand the system and as a result may not use the pits
alternately, or may omit to rest the filled pit at least for one year so that the contents
degrade and become harmless. Explanation of the operation and maintenance
requirements is therefore essential at the time of installation.

■ Water may percolate through the soil surrounding the pit and pollute groundwater,
which is a potential problem if water is used for drinking.

Management arrangements

Responsibility for operation and maintenance rests primarily with the householder, who
needs to ensure that the pits are used in the correct sequence and are emptied at the
appropriate time.

How much does it cost?

■ Capital costs: Varies, depending on superstructure construction details and the ease of
digging, but the minimum cost of the standard Integrated Low Cost Sanitation Scheme
design is Rs 5,000 (US$120).

■ Operating costs: Roughly, Rs 200–300 (US$5–7) per year.

Figure 8: Pour Flush Latrine with Offset Twin Pit

Source: WHO 2003. Reproduced with permission from the World Health Organization, Geneva.
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and	
  bacteria	
  can	
  travel	
  hundreds	
  of	
  metres	
  in	
  saturated	
  conditions	
  (see	
  Part	
  1	
  of	
  The	
  Manual	
  for	
  how	
  to	
  
conduct	
  leaching	
  capacity	
  of	
  soil).	
  As	
  soil	
  and	
  groundwater	
  properties	
  are	
  often	
  unknown,	
  it	
  is	
  difficult	
  to	
  
estimate	
  the	
  necessary	
  distance	
  between	
  a	
  pit	
  and	
  a	
  water	
  source.	
  Table	
  8-­‐1	
  provides	
  some	
  guidance	
  and	
  
remedial	
  actions,	
  modifications	
  of	
  the	
  pits	
  if	
  this	
  is	
  the	
  case:	
  an	
  envelope	
  of	
  fine	
  sand	
  to	
  retain	
  the	
  infiltration.	
  
It	
  is	
  recommended	
  that	
  the	
  Twin	
  Pits	
  be	
  constructed	
  1meter	
  apart	
  from	
  each	
  other	
  to	
  minimize	
  cross-­‐
contamination	
  between	
  the	
  maturing	
  pit	
  and	
  the	
  one	
  in	
  use.	
  Water	
  within	
  the	
  pit	
  can	
  impact	
  the	
  structural	
  
stability	
  of	
  the	
  pit.	
  Therefore,	
  all	
  walls	
  should	
  be	
  lined	
  up	
  to	
  the	
  full	
  depth	
  of	
  the	
  pit	
  to	
  prevent	
  collapse	
  and	
  
the	
  top	
  30cm	
  should	
  be	
  fully	
  mortared	
  to	
  prevent	
  direct	
  infiltration	
  and	
  ensure	
  that	
  the	
  superstructure	
  is	
  
supported.	
  

Table 8-1: Distance leaching pits from drinking water and modifications 

	
  
	
  

areas, there is a risk of groundwater contamination. Source: UNEP & MURDOCH UNIVERSITY (2004)

Twin-pit for pour-flush toilets have a high convenience as little adaption is asked from the users and no odour is
generally observed due to water seal.
If correctly designed and used, twin-pits are very safe as the liquid fraction of the water is infiltrated underground
and the solid fraction is only used after a decomposition period of 2 years.
However, due to the infiltration of pathogenically contaminated water, there is always a risk of groundwater
pollution. The table below gives some guidelines for minimal distances of the leach pits from drinking water sources
(ROY et al. 1984). As soil and groundwater properties are often unknown, it is difficult to estimate the necessary
distance between a pit and a water source and a minimal distance of 30 m should always be respected for security
(TILLEY et al. 2008).

 

Distance between bottom of the pit
and the maximum groundwater table

Effective size of
the formation soil

Minimum horizontal distance
from drinking water source

Modification needed

> 2 m
< 0.2 mm (fine
sand, clay and
silt)

3 m None

> 2 m > 0.2 mm (coarse
sand)

3 m Provide envelope of sand
and impermeable pit bottom

< 2 m > 0.2 mm (coarse
sand)

10 m Provide envelope of sand
and impermeable pit bottom

< 2 m
< 0.2 mm (fine
sand, clay and
silt)

10 m None

Minimal distance of leach pits from drinking water sources in different soil conditions. Source: ROY et al. (1984)

Operation and Maintenance

The most important operation and maintenance actions are to control the filling of the pit in use in order to change
to the other at the right moment and to correctly seal the Y junctions for the pit not in use. Also, pits should be
covered and sealed to prevent surface rainwater to fill up the pits and to protect people and animals. Before
emptying the pit, the two-year period of storage needs to be respected and during this time, any blackwater needs
to be prevented from entering into the pit. Therefore, the seal in the Y junction must be controlled occasionally. In
general, decomposed solids are too compacted to remove them mechanically (i.e. with a vacuum truck), therefore
emptying needs to be done manually with a shovel and the workers should protect themselves (e.g. gloves) during
emptying to prevent health risks. Before starting the filling phase of a pit, a layer of soil (15 cm) should be filled in
the bottom of the pit (ROY et al. 1984). Long-term support facilities to remind and assist the user in changing and
emptying pits will greatly improve operational success (WHO 1992).

During toilet use, it is important to flush with 1.5 to 2 L (ROY et al. 1984), so that the excreta are transported to
the pits and do not clog in the water seal. If dry material is used for cleansing (e.g. toilet paper), the risk of
clogging is high.

Fly and odour control can be improved by the periodic additive of ash into the pit (also improving the productivity
of the sludge for fertiliser), and placing a plug over the hole (TILLEY 2008).

As every toilet, the pour-flush toilet needs to be cleaned regularly. It is important not to use too much water for
washing to reduce pit filling. Even though greywater can also be poured into the toilet if there is no other reuse
option, it should not be added in large volumes because this would cause overflow of the pit. Also solid waste
(kitchen waste, sweepings etc.) should not be added, as this would cause clogging of the pour-flush pan.

Cost Aspects

The construction of twin pits for pour-flush toilets can be rather expensive depending on the local availability of
manpower and construction material (about 1.5 of the costs of normal pit latrines, WSP 2004). However, once the
twin pits have been installed, they can virtually be used without end.

At a Glance

Two leach pits (twin pits) are linked to a pour-flush toilet with a Y junction. Only one pit is
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Figure 8-7: Control box or 'Y'-junction (SHAW/Spit, 2012) 

	
  
	
  
Adequacy:	
  The	
  Twin	
  Leaching	
  Pits	
  with	
  Pour	
  Flush	
  is	
  a	
  permanent	
  technology	
  that	
  is	
  appropriate	
  for	
  areas	
  
where	
  it	
  is	
  not	
  possible	
  to	
  continuously	
  move	
  a	
  pit	
  latrine.	
  It	
  is	
  a	
  water-­‐based	
  technology	
  and	
  is	
  only	
  feasible	
  
where	
  there	
  is	
  a	
  constant	
  supply	
  of	
  water	
  for	
  flushing	
  (e.g.	
  recycled	
  grey	
  water	
  or	
  rainwater).	
  This	
  technology	
  
is	
  not	
  adequate	
  for	
  areas	
  with	
  a	
  high	
  groundwater	
  table	
  or	
  areas	
  that	
  are	
  frequently	
  flooded.	
  In	
  order	
  for	
  the	
  
pits	
  to	
  drain	
  properly,	
  the	
  soil	
  must	
  have	
  a	
  good	
  absorptive	
  capacity;	
  clay,	
  tightly	
  packed	
  or	
  rocky	
  soils	
  are	
  not	
  
appropriate.	
  As	
  long	
  as	
  water	
  is	
  available,	
  the	
  Twin	
  Leaching	
  Pits	
  with	
  Pour	
  Flush	
  technology	
  is	
  appropriate	
  for	
  
almost	
  every	
  type	
  of	
  housing	
  density.	
  However,	
  too	
  many	
  wet	
  pits	
  in	
  a	
  small	
  area	
  is	
  not	
  recommended	
  as	
  
there	
  may	
  not	
  be	
  sufficient	
  capacity	
  to	
  absorb	
  the	
  liquid	
  into	
  the	
  soil	
  matrix	
  from	
  all	
  of	
  the	
  pits	
  and	
  the	
  ground	
  
may	
  become	
  water-­‐logged	
  (oversaturated).	
  The	
  material	
  is	
  manually	
  emptied	
  from	
  the	
  Twin	
  Pits	
  (it	
  is	
  dug	
  out,	
  
not	
  pumped	
  out),	
  so	
  vacuum	
  truck	
  access	
  to	
  the	
  pits	
  is	
  not	
  necessary.	
  The	
  Twin	
  Pits	
  will	
  only	
  work	
  properly	
  if	
  
the	
  two	
  pits	
  are	
  used	
  sequentially	
  and	
  not	
  concurrently.	
  Therefore,	
  an	
  adequate	
  cover	
  for	
  the	
  out	
  of	
  service	
  pit	
  
is	
  required.	
  
	
  
Health	
  Aspects/Acceptance:	
  The	
  water	
  seal	
  (siphon)	
  provides	
  a	
  high	
  level	
  of	
  comfort	
  and	
  cleanliness,	
  with	
  few	
  
odours.	
  It	
  is	
  a	
  commonly	
  accepted	
  sanitation	
  option,	
  however	
  some	
  health	
  concerns	
  exist	
  (pit	
  leachate	
  can	
  
contaminate	
  groundwater,	
  stagnant	
  water	
  in	
  pits	
  may	
  promote	
  insect	
  breeding	
  and	
  pits	
  are	
  susceptible	
  to	
  
failure/overflowing	
  during	
  floods).	
  
	
  
Operation	
  and	
  maintenance:	
  The	
  pits	
  must	
  be	
  emptied	
  regularly	
  and	
  care	
  must	
  be	
  taken	
  to	
  raise	
  or	
  
appropriately	
  seal	
  the	
  maintenance	
  hatch	
  particularly	
  in	
  areas	
  prone	
  to	
  flooding	
  during	
  rainy	
  seasons.	
  After	
  a	
  
1-­‐2	
  years	
  resting	
  time,	
  the	
  pits	
  should	
  be	
  emptied	
  manually	
  using	
  long	
  handled	
  shovels	
  and	
  proper	
  personal	
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protective	
  equipment	
  (masks,	
  gloves	
  and	
  rubber	
  boots	
  at	
  a	
  minimum).	
  If	
  the	
  pits	
  are	
  self-­‐emptied	
  there	
  are	
  no	
  
operational	
  costs	
  except	
  for	
  any	
  replacements	
  to	
  the	
  structure	
  or	
  slab	
  in	
  the	
  event	
  of	
  damage.	
  
	
  
Potential	
  for	
  upgrading.	
  The	
  manual	
  pour	
  flush	
  toilet	
  can	
  be	
  upgraded	
  to	
  have	
  an	
  integrated	
  cistern	
  for	
  
flushing	
  instead	
  of	
  the	
  manual	
  pour	
  flush	
  system.	
  In	
  doing	
  so,	
  it	
  can	
  be	
  easily	
  upgraded	
  to	
  a	
  low-­‐cost	
  sewerage	
  
system	
  that	
  also	
  accepts	
  grey	
  water	
  (see	
  section	
  10.2).	
  The	
  necessary	
  design	
  modifications	
  are	
  discussed	
  
below.	
  	
  
	
  
Design	
  of	
  the	
  leaching	
  pit.	
  To	
  size	
  the	
  leaching	
  pits,	
  it	
  is	
  important	
  to	
  determine	
  the	
  rate	
  at	
  which	
  sludge	
  
(including	
  faeces,	
  urine	
  and	
  anal	
  cleansing	
  material)	
  will	
  accumulate,	
  and	
  the	
  rate	
  at	
  which	
  effluent	
  will	
  
infiltrate	
  in	
  the	
  surrounding	
  ground.	
  Only	
  the	
  depth	
  below	
  the	
  invert	
  level	
  of	
  the	
  pipe	
  from	
  the	
  division	
  box	
  
can	
  be	
  taken	
  into	
  consideration	
  to	
  prevent	
  filling	
  up	
  of	
  the	
  pipe	
  to	
  the	
  division	
  box.	
  	
  
	
  
The	
  approximate	
  volume	
  of	
  the	
  pit	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  equations:	
  
• V	
  =	
  N	
  *	
  S	
  *	
  T	
  /	
  1000;	
  
• F	
  =	
  N	
  *	
  q	
  /	
  i	
  
	
  
Where:	
  
V	
  =	
  Pit	
  volume	
  (m3);	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
S	
  =	
  Sludge	
  accumulation	
  rate	
  (lcy,	
  litres/cap/year),	
  see	
  section	
  4.3;	
  
T	
  =	
  Desludging	
  Period;	
  
F	
  =	
  Infiltration	
  area	
  (m2);	
  	
  
q	
  =	
  Amount	
  of	
  water	
  used	
  for	
  anal	
  cleansing	
  and	
  flushing	
  (lcd);	
  
I	
  =	
  infiltration	
  capacity	
  soil	
  (l/m2/day),	
  see	
  section	
  4.3.	
  
	
  
For	
  a	
  circular	
  leaching	
  pit,	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  a	
  sludge	
  accumulation	
  rate	
  of	
  40	
  lcy	
  (S=40)	
  and	
  a	
  
desludging	
  period	
  of	
  2	
  years	
  (T	
  =	
  2),	
  a	
  water	
  use	
  of	
  5	
  lcd	
  (q	
  =	
  5),	
  and	
  infiltration	
  rate	
  of	
  25	
  l/m2/day,	
  the	
  
Volume	
  (V)	
  and	
  Infiltration	
  area	
  (F)	
  are:	
  
• V	
  =	
  8	
  *	
  40	
  *	
  2	
  /	
  1000	
  =	
  0.64	
  m3,	
  say	
  a	
  pit	
  with	
  a	
  diameter	
  of	
  1	
  m’	
  (surface	
  area	
  !

!
  *	
  d2	
  =	
  0.78	
  m2	
  for	
  d=1	
  m’)	
  

a	
  sludge	
  depth	
  of	
  0.64	
  m3	
  /0.78	
  m2	
  =	
  0.8	
  m’;	
  
• F	
  =	
  8	
  *	
  5	
  /	
  25	
  =	
  1.6	
  m2;	
  hence	
  a	
  liquid	
  depth	
  of	
  0.5	
  m’	
  at	
  a	
  pit	
  diameter	
  of	
  1	
  m’	
  (circumference	
  𝐴 = 𝜋 ∗ 𝑑 =

3.14  𝑚2/𝑚!𝑑𝑒𝑝𝑡ℎ,	
  so	
  1.6	
  m2/3.14	
  m2/m’=	
  0.5	
  m’;	
  
• Total	
  pit	
  depth	
  below	
  invert	
  level	
  pipe:	
  sludge	
  depth	
  +	
  liquid	
  depth	
  =	
  0.8	
  m’	
  +	
  0.5	
  m’	
  =	
  1.3	
  m’	
  (see	
  Figure	
  8-­‐

4).	
  
	
  
Further	
  reading.	
  The	
  reader	
  is	
  invited	
  to	
  learn	
  more	
  on	
  these	
  systems	
  by	
  consulting:	
  
• Appendix	
  2-­‐2:	
  WASTE	
  DST	
  Collection	
  Storage	
  and	
  Treatment;	
  
• Appendix	
  3-­‐6:	
  SSWM	
  Twin	
  Leaching	
  Pits.	
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Table 8-2: Twin Leaching pits at a glance 

	
  
	
  
	
  

Table 8-3: Advantages and disadvantages Twin Leaching Pits 

Advantages	
   Disadvantages	
  

� Maturated	
  faeces	
  can	
  be	
  used	
  as	
  soil	
  fertilizer	
  
� Does	
  not	
  require	
  adaption	
  to	
  standard	
  practice	
  (	
  

i.e	
  anal	
  cleansing	
  water	
  can	
  be	
  poured	
  into	
  the	
  
toilet	
  and	
  odour	
  and	
  flies	
  are	
  prevented	
  due	
  to	
  
water	
  seal)	
  

� Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  
materials)	
  

� Removal	
  of	
  solids	
  is	
  relatively	
  easy	
  as	
  excreta	
  will	
  
be	
  dry	
  

� No	
  or	
  low	
  operating	
  costs	
  if	
  self-­‐emptied	
  
� Possible	
  location	
  inside	
  the	
  house	
  
� No	
  odour	
  or	
  fly	
  and	
  mosquito	
  breeding	
  	
  
� Low	
  level	
  of	
  municipal	
  involvement	
  	
  
� Low	
  annual	
  costs	
  
� Ease	
  of	
  construction	
  and	
  maintenance	
  	
  
� Very	
  high	
  potential	
  for	
  upgrading	
  to	
  flushing	
  with	
  

� Relatively	
  high	
  investment	
  costs	
  
� Requires	
  space	
  
� If	
  not	
  enough	
  flushing	
  water	
  is	
  available,	
  the	
  

toilet	
  gets	
  easily	
  blocked	
  
� Not	
  applicable	
  in	
  hard	
  rock	
  soil,	
  high	
  ground	
  

water	
  levels	
  or	
  areas	
  that	
  are	
  prone	
  to	
  flooding	
  
(groundwater	
  pollution)	
  

� Not	
  suitable	
  for	
  areas	
  inaccessible	
  to	
  vacuum	
  
trucks	
  (unless	
  can	
  be	
  self-­‐emptied)	
  

� Water-­‐based	
  technology,	
  thus	
  long	
  retention	
  
times	
  for	
  treatment	
  of	
  waste	
  

� The	
  maturated	
  excreta	
  needs	
  to	
  be	
  dug	
  out	
  
manually	
  

� Maturated	
  sludge	
  may	
  need	
  secondary	
  
treatment	
  (e.g.	
  drying,	
  composting)	
  

areas, there is a risk of groundwater contamination. Source: UNEP & MURDOCH UNIVERSITY (2004)

Twin-pit for pour-flush toilets have a high convenience as little adaption is asked from the users and no odour is
generally observed due to water seal.
If correctly designed and used, twin-pits are very safe as the liquid fraction of the water is infiltrated underground
and the solid fraction is only used after a decomposition period of 2 years.
However, due to the infiltration of pathogenically contaminated water, there is always a risk of groundwater
pollution. The table below gives some guidelines for minimal distances of the leach pits from drinking water sources
(ROY et al. 1984). As soil and groundwater properties are often unknown, it is difficult to estimate the necessary
distance between a pit and a water source and a minimal distance of 30 m should always be respected for security
(TILLEY et al. 2008).

 

Distance between bottom of the pit
and the maximum groundwater table

Effective size of
the formation soil

Minimum horizontal distance
from drinking water source

Modification needed

> 2 m
< 0.2 mm (fine
sand, clay and
silt)

3 m None

> 2 m > 0.2 mm (coarse
sand)

3 m Provide envelope of sand
and impermeable pit bottom

< 2 m > 0.2 mm (coarse
sand)

10 m Provide envelope of sand
and impermeable pit bottom

< 2 m
< 0.2 mm (fine
sand, clay and
silt)

10 m None

Minimal distance of leach pits from drinking water sources in different soil conditions. Source: ROY et al. (1984)

Operation and Maintenance

The most important operation and maintenance actions are to control the filling of the pit in use in order to change
to the other at the right moment and to correctly seal the Y junctions for the pit not in use. Also, pits should be
covered and sealed to prevent surface rainwater to fill up the pits and to protect people and animals. Before
emptying the pit, the two-year period of storage needs to be respected and during this time, any blackwater needs
to be prevented from entering into the pit. Therefore, the seal in the Y junction must be controlled occasionally. In
general, decomposed solids are too compacted to remove them mechanically (i.e. with a vacuum truck), therefore
emptying needs to be done manually with a shovel and the workers should protect themselves (e.g. gloves) during
emptying to prevent health risks. Before starting the filling phase of a pit, a layer of soil (15 cm) should be filled in
the bottom of the pit (ROY et al. 1984). Long-term support facilities to remind and assist the user in changing and
emptying pits will greatly improve operational success (WHO 1992).

During toilet use, it is important to flush with 1.5 to 2 L (ROY et al. 1984), so that the excreta are transported to
the pits and do not clog in the water seal. If dry material is used for cleansing (e.g. toilet paper), the risk of
clogging is high.

Fly and odour control can be improved by the periodic additive of ash into the pit (also improving the productivity
of the sludge for fertiliser), and placing a plug over the hole (TILLEY 2008).

As every toilet, the pour-flush toilet needs to be cleaned regularly. It is important not to use too much water for
washing to reduce pit filling. Even though greywater can also be poured into the toilet if there is no other reuse
option, it should not be added in large volumes because this would cause overflow of the pit. Also solid waste
(kitchen waste, sweepings etc.) should not be added, as this would cause clogging of the pour-flush pan.

Cost Aspects

The construction of twin pits for pour-flush toilets can be rather expensive depending on the local availability of
manpower and construction material (about 1.5 of the costs of normal pit latrines, WSP 2004). However, once the
twin pits have been installed, they can virtually be used without end.

At a Glance

Two leach pits (twin pits) are linked to a pour-flush toilet with a Y junction. Only one pit is

Working Principle
used at a time as the Y junction is blocked for the other. When it is full, the pit is sealed
and the other is brought in use. The excreta in the sealed pit will decompose by composting
and anaerobic digestion. After two years, the maturated sludge is safe but rich in nutrients
and can be used in agriculture.

Capacity/Adequacy

Can be built in rural and urban areas if water and space are available. But in regions prone
to flooding or with rocky soils, groundwater pollution can occur. Also, if too many soak pits
are installed densely, they can rapidly overflow or lead to groundwater pollution, as the soil
matrix cannot absorb all the leachate.

Performance
Liquids, if filtered through underground infiltration will by purified without having been in
contact with humans or animals. The faeces hygienisation takes relatively long (2 years) as
it is a water-reliant process but the end product is safe.

Costs Moderate to high investment costs; very low operation and maintenance costs

Self-help
Compatibility

Can be constructed with local manpower, but skilled design is required.

O&M Control of Y junction; Desludging every two years.

Reliability High, if well maintained.

Main strength Easy to use and high comfort (anal cleansing with water, no odour).

Main weakness Requires water for flushing, otherwise it clogs; Risk of groundwater pollution.

Applicability
Twin-pit toilets are a good option in regions where water for flushing (1.5 to 2 L) is available and in areas with soils
of good absorptive capacity. They require little change from the user, produce additional fertiliser and are easy
accepted, as there is no odour due to the water seal. But, when water is not available, toilets get quickly clogged.
As the water is treated by underground infiltration, this can cause groundwater pollution in regions with tightly
packed or rocky soils (clay) where the water table is high or the risk of flooding is prevalent. Depending on soil
conditions, a certain minimum vertical distance from the bottom of the pit to the groundwater may is required to
prevent its pollution.
If there are appropriate soil conditions, and if water for flushing is available, twin-pits can be constructed in both
rural and urban housing, but too many pits in dense housing areas will cause groundwater pollution and overflow as
soil the matrix cannot absorb all the water (TILLEY et al. 2008).
If there is not enough water available for flushing, the toilet may be constructed without water seal. But in this
case the addition of ash to the pits and a plug on the squatting whole should be used for odour and fly control.
 

Advantages
Improvement of simple pit latrines
Maturated faeces can be used as soil amendment
Urine can be collected separately and reused as a nitrogen-rich fertiliser
High level of convenience (anal cleansing water can be poured into the toilet and odour and flies are
prevented due to water seal)
Can be built and repaired with locally available materials)
Desludging is relatively easy as excreta will be dry
No or low operating costs if self-emptied

Disadvantages
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Advantages	
   Disadvantages	
  

a	
  cistern	
  rather	
  than	
  pour-­‐flush.	
   � Separate	
  grey	
  water	
  disposal	
  required	
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8.3. (Low cost) Septic Tank with infi ltration system 
A	
  (low	
  cost)	
  septic	
  tank	
  is	
  a	
  good	
  way	
  to	
  replace	
  existing	
  cesspits	
  in	
  urban	
  villages	
  with	
  piped	
  
water	
  supply	
  where	
  desludging	
  services	
  are	
  available.	
  See	
  Figure	
  8-­‐8.	
  

 

 

Figure 8-8: Typical urban area suitable for septic tanks (UNICEF/Spit, 2012) 

	
  
	
  
A	
  Septic	
  Tank11	
  is	
  a	
  watertight	
  chamber	
  made	
  of	
  concrete,	
  fibreglass,	
  PVC	
  or	
  PE,	
  for	
  the	
  storage	
  and	
  treatment	
  
of	
  black	
  water	
  only	
  or	
  a	
  combination	
  of	
  black	
  and	
  grey	
  water.	
  Settling	
  and	
  anaerobic	
  processes	
  reduce	
  solids	
  
and	
  organics,	
  but	
  the	
  treatment	
  is	
  only	
  moderate.	
  
	
  

A	
  Septic	
  Tank	
  (Figure	
  8-­‐9	
  and	
  Figure	
  8-­‐12)	
  should	
  typically	
  have	
  at	
  least	
  two	
  chambers.	
  Liquid	
  flows	
  into	
  the	
  
tank	
  and	
  heavy	
  particles	
  sink	
  to	
  the	
  bottom,	
  while	
  scum	
  (oil	
  and	
  fat)	
  floats	
  to	
  the	
  top.	
  The	
  first	
  chamber	
  should	
  
be	
  at	
  least	
  50%	
  of	
  the	
  total	
  length	
  and	
  when	
  there	
  are	
  only	
  two	
  chambers,	
  and	
  it	
  should	
  be	
  two-­‐thirds	
  of	
  the	
  
total	
  length.	
  The	
  first	
  chamber	
  is	
  used	
  to	
  settle	
  the	
  solids.	
  Wastewater	
  enters	
  the	
  first	
  chamber	
  of	
  the	
  tank,	
  
allowing	
  solids	
  to	
  settle	
  and	
  scum	
  to	
  float.	
  The	
  settled	
  solids	
  are	
  anaerobically	
  digested,	
  reducing	
  the	
  volume	
  
of	
  solids.	
  The	
  liquid	
  component	
  flows	
  through	
  the	
  dividing	
  wall	
  into	
  the	
  second	
  chamber,	
  where	
  further	
  
settlement	
  takes	
  place,	
  with	
  the	
  excess	
  liquid	
  then	
  draining	
  in	
  a	
  relatively	
  clear	
  condition	
  from	
  the	
  outlet	
  into	
  
the	
  leach	
  field,	
  also	
  referred	
  to	
  as	
  a	
  drain	
  field	
  or	
  seepage	
  field12.	
  .	
  The	
  inlet	
  pipe	
  from	
  the	
  toilet	
  itself	
  to	
  the	
  
septic	
  tank	
  should	
  also	
  have	
  a	
  slope	
  of	
  between	
  1/4	
  -­‐1/2	
  inch	
  per	
  foot	
  angling	
  towards	
  the	
  tank	
  to	
  reduce	
  the	
  rate	
  
of	
  entry	
  of	
  the	
  effluent	
  into	
  the	
  tank.	
  A	
  lesser	
  gradient	
  could	
  create	
  blockages,	
  whilst	
  a	
  sharper	
  gradient	
  could	
  
have	
  too	
  forceful	
  entry	
  of	
  effluent	
  into	
  the	
  tank.	
  A	
  “T-­‐shaped”	
  inlet	
  will	
  further	
  dissipate	
  the	
  rate	
  of	
  the	
  
incoming	
  effluent	
  that	
  prevents	
  the	
  settling	
  solids	
  below	
  from	
  being	
  disturbed.	
  The	
  baffle,	
  or	
  the	
  separation	
  
between	
  the	
  chambers,	
  is	
  to	
  prevent	
  scum	
  and	
  solids	
  from	
  escaping	
  with	
  the	
  effluent.	
  A	
  “T-­‐shaped”	
  outlet	
  
pipe	
  will	
  further	
  reduce	
  the	
  scum	
  and	
  solids	
  that	
  are	
  dis-­‐charged.	
  With	
  time,	
  the	
  solids	
  that	
  settle	
  to	
  the	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
11	
  After	
  Tilley	
  (2008)	
  
12	
  http://en.wikipedia.org/wiki/Septic_tank	
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bottom	
  are	
  degraded	
  anaerobically.	
  As	
  the	
  system	
  relies	
  on	
  bacteriological	
  action	
  for	
  decomposition,	
  
therefore	
  placing	
  any	
  chemicals	
  or	
  inorganic	
  materials	
  (such	
  as	
  pesticides,	
  herbicides,	
  paints	
  or	
  solvents)	
  and	
  
detergents	
  with	
  high	
  concentrations	
  of	
  bleach	
  or	
  caustic	
  soda	
  should	
  not	
  enter	
  the	
  system	
  as	
  they	
  will	
  prevent	
  
the	
  bacteria	
  and	
  system	
  from	
  functioning.	
  Excess	
  water,	
  oils	
  and	
  grease	
  may	
  also	
  prevent	
  the	
  decomposition	
  
rate	
  and	
  render	
  the	
  system	
  ineffective	
  (noticed	
  by	
  increase	
  in	
  bad	
  smell	
  which	
  relates	
  to	
  poor	
  decomposition)	
  
and	
  could	
  also	
  block	
  the	
  inlet	
  pipe.	
  The	
  septic	
  tank	
  works	
  under	
  anaerobic	
  conditions,	
  which	
  means	
  bacteria	
  
operating	
  in	
  a	
  non-­‐oxygen	
  environment.	
  Oxygen	
  should	
  not	
  be	
  allowed	
  to	
  enter	
  as	
  it	
  will	
  destroy	
  the	
  bacteria	
  
used	
  for	
  decomposition	
  and	
  result	
  in	
  the	
  septic	
  tank	
  working	
  less	
  efficiently.	
  However,	
  during	
  the	
  
decomposition	
  dangerous	
  gases	
  are	
  created	
  such	
  as	
  carbon	
  dioxide	
  and	
  methane	
  therefore	
  a	
  ventilation	
  pipe	
  
with	
  a	
  screen	
  (to	
  prevent	
  vectors	
  entering	
  and	
  existing	
  the	
  tank)	
  needs	
  to	
  be	
  fitted	
  either	
  on	
  entry	
  point	
  of	
  the	
  
inlet	
  tank	
  or	
  on	
  the	
  second	
  chamber	
  of	
  the	
  septic	
  tank.	
  	
  

Figure 8-9: Septic tank with vent pipe (Practical Action13) 

	
  

	
  

Generally,	
  Septic	
  Tanks	
  should	
  be	
  emptied	
  every	
  2	
  to	
  5	
  years,	
  although	
  they	
  should	
  be	
  checked	
  yearly	
  to	
  
ensure	
  proper	
  functioning.	
  Placing	
  any	
  non-­‐biodegradable	
  products	
  into	
  the	
  system	
  will	
  just	
  fill	
  the	
  tank	
  and	
  
require	
  it	
  is	
  be	
  emptied	
  more	
  frequently.	
  The	
  design	
  of	
  a	
  Septic	
  Tank	
  depends	
  on	
  the	
  number	
  of	
  users,	
  the	
  
amount	
  of	
  water	
  used	
  per	
  capita,	
  the	
  average	
  annual	
  temperature,	
  the	
  pumping	
  frequency	
  and	
  the	
  
characteristics	
  of	
  the	
  wastewater.	
  The	
  retention	
  time	
  should	
  be	
  designed	
  for	
  48	
  hours	
  to	
  achieve	
  moderate	
  
treatment.	
  	
  The	
  liquid	
  effluent	
  must	
  be	
  dispersed	
  by	
  using	
  a	
  Soak	
  Pit	
  or	
  Leach	
  Field	
  or	
  by	
  transporting	
  the	
  
effluent	
  to	
  another	
  treatment	
  technology	
  via	
  a	
  Shallow	
  sewer	
  (see	
  section	
  10.2)	
  or	
  Small	
  Bore	
  sewers	
  (see	
  
section	
  10.2).	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

13	
  http://practicalaction.org/sanitation-­‐technologies-­‐answers	
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Figure 8-10: Septic tank and soakaway (WSP, 2008) 

	
  
	
  

Figure 8-101: HDPE Septic Tank (UNICEF/Spit, 2012) 

	
  
	
  
Adequacy	
  Because	
  the	
  Septic	
  Tank	
  must	
  be	
  desludged	
  regularly,	
  a	
  vacuum	
  truck	
  should	
  be	
  able	
  to	
  access	
  the	
  
location.	
  Often	
  Septic	
  Tanks	
  are	
  installed	
  in	
  the	
  home,	
  under	
  the	
  kitchen	
  or	
  bathroom,	
  which	
  makes	
  emptying	
  
difficult.	
  
If	
  Septic	
  Tanks	
  are	
  used	
  in	
  densely	
  populated	
  areas, onsite	
  infiltration/leach	
  fields	
  for	
  the	
  liquid	
  effluent	
  should	
  
not	
  be	
  used	
  otherwise	
  the	
  ground	
  will	
  become	
  oversaturated	
  and	
  excreta	
  may	
  rise	
  up	
  to	
  the	
  surface	
  posing	
  a	
  
serious	
  health	
  risk.	
  Instead,	
  the	
  Septic	
  Tank	
  should	
  be	
  connected	
  to	
  a	
  sewer	
  and	
  the	
  liquid	
  effluent	
  should	
  be	
  
transported	
  to	
  a	
  subsequent	
  treatment	
  or	
  disposal	
  site.	
  Larger,	
  multi-­‐chamber	
  Septic	
  Tanks	
  can	
  be	
  designed	
  
for	
  groups	
  of	
  houses	
  and/or	
  public	
  buildings	
  (i.e.	
  schools).	
  Generally,	
  the	
  removal	
  of	
  50	
  %	
  of	
  solids,	
  30	
  to	
  40	
  %	
  
of	
  biochemical	
  oxygen	
  demand	
  (BOD)	
  and	
  a	
  1-­‐log	
  removal	
  of	
  E-­‐coli	
  can	
  be	
  expected	
  in	
  a	
  well-­‐designed	
  Septic	
  
Tank	
  although,	
  efficiencies	
  vary	
  greatly	
  depending	
  on	
  operation	
  and	
  maintenance	
  and	
  climactic	
  conditions.	
  
Even	
  though	
  the	
  Septic	
  Tank	
  is	
  watertight,	
  care	
  should	
  be	
  taken	
  if	
  constructed	
  in	
  areas	
  with	
  high	
  groundwater	
  
tables	
  or	
  where	
  there	
  is	
  frequent	
  flooding.	
  	
  

85

Limitations and risks

! The biggest disadvantages of septic tanks are the cost and space requirements for the
soakaway or drain field. The leaching system is often not constructed and common
practice is to discharge effluent directly into an open drain.

! Septic tanks often receive too much wastewater. As a result, the retention time in the septic
tank is insufficient and the soakaway becomes hydraulically overloaded. This means that
the septic tanks needs to be desludged regularly, but more commonly the householder
bypasses the soakaway and connects the overflow directly to a surface water drain.

! Shock loadings and disturbance of settling zones caused by large inflows (typically
from sullage discharges) can affect the efficiency of the septic tank and cause excess
solids to flow into the soakaway.

! Performance monitoring of septic tanks is rarely undertaken and regulation to control
private desludging operators is problematic.

Management arrangements

! Responsibility for operation and maintenance lies with the owner of the property.
! Municipal utility or private contractors are required for desludging of septic tanks and to

ensure safe disposal of septage at a treatment plant.

How much does it cost?

! Capital costs: A conventional septic tank constructed from brick or concrete is a
considerable household investment, but cheaper options are available, made from
prefabricated plastic or concrete rings. Costs range from Rs 6,000–15,000 (US$140–360).

! Operating costs: Varies from Rs 500–1,500 (US$12–37) once every few years
depending on the frequency of emptying, size of tank and distance to treatment plant.

Figure 9: Pour Flush Latrine with Septic Tank and Soakaway

Source: WHO 2003. Reproduced with permission from the World Health Organization, Geneva.

Part D: Toolkit

Septic tank Soakaway
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Figure 8-112: Specification conventional septic tank (Kalbermatten, 1982) 

	
  
	
  
Health	
  Aspects/Acceptance	
  Although	
  the	
  system	
  does	
  not	
  provide	
  total	
  pathogen	
  removal,	
  as	
  the	
  entire	
  tank	
  
is	
  below	
  ground,	
  users	
  therefore	
  do	
  not	
  come	
  in	
  contact	
  with	
  any	
  of	
  the	
  wastewater.	
  Users	
  should	
  be	
  careful	
  
when	
  opening	
  the	
  tank	
  because	
  noxious	
  and	
  flammable	
  gases	
  may	
  be	
  released.	
  A	
  vacuum	
  truck	
  should	
  be	
  
used	
  to	
  empty	
  the	
  sludge	
  from	
  the	
  Septic	
  Tank.	
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Figure 14-1. Schematic of Conventional Septic Tank
(millimeters)

Access openings Inspectin opening
Inspection opening near side wall 150-mm diameter
150-mm diameter at least 600-m,m Compartment

/ / dianmeter baffle

Inlet '\;.- Vo ' ^. ,- ,,', ^ , \ . -' w /. .', s 'to, -/ ' . ,\, //. Outlet "T"

At least 25 mm Liquid level 20 percent
of liquid depth Water line

2 -X E *: _ ~~~....., : :................ '.. ' -''"-'- . .......... 40 'per:::e.-; :::...: -:-::':t 
2 ' ' ' - ' -' | 20 percent Scum 40 p - -

of liquid depthoflqidet
(bO mm, minimum) Scum clear space2

(75 mm, minimum) .4 o

': Clear space {Sludoe clear space .
(300 mm, minimum) _ Sludge

Q ~~~~~. . : , .. '.': . --.: : i-, . . :. : : - : .

z , :,, ~~. . . -. :. :. -. . . .,, . . . . . . . . .,:.: , .. ..,, .:::,-:: .--:::- : :: :::::::: .:-

o pc a w. .on f E 13-2 , -3. an -4:, c tk ms . p. .
L , : : : , : - :: - -~~~~~~~.:-:--.- :. ....................

First compartment 2/3 length |Seconcd compartment 1./3 length

Total length equals two to three times width

Note: If vent is not placed as shown on figure 13-2, -3, and -4, septic tank must be provided with a vent.

effluent-soil interface results from slaking (hvdra- sewage solids (which form an interface between the
tion) and swelling of the soil particles, from physical soil and the drainage trench). This rate of infiltration
movement of fine solids in the effluent into the in- has been shown to be within the range of 10 to 30
terface, from chemical deflocculation of clay parti- liters per square meter of sidewall area per day for
cles when the effluent water has more sodium than a wide range of soil types. The bottom of the trench
the original interstitial groundwater, and from the is not considered to have any infiltrative capacity
formation of an organic mat made up of bacterial because it quickly becomes completely covered and
slimes feeding upon nutrients in the effluent. This clogged with sewage solids. The trench length re-
means that the life of a drainfield is limited. Provision quired is calculated from the equation:
must therefore be made to set aside land for use as
a future replacement drainfield. Soil percolation tests L = NQ
should be used to determine whether the soil is suf- 2DI'
ficientlv permeable. The infiltration should not be
estimated solely from percolation test results, how- where L = trench length in meters
ever, because these merely indicate the infiltration N= number of users
rate of clean water into virgin soil. The infiltration Q = wastewater flow in liters per capita daily
rate that should be used in drainfield design is the D = effective depth of trench in meters
rate at which septic tank effluent can infiltrate the I = design infiltration rate in liters per square
soil surface that has become partially clogged with meter daily.
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Figure 8-123: Low cost septic tank for black water only (Yayasan Dian Desa/Spit, 2012) 

	
  
	
  
	
  
Upgrading	
  A	
  Septic	
  Tank	
  that	
  is	
  connected	
  to	
  a	
  Leach	
  Field	
  or	
  a	
  Soak	
  Pit	
  can	
  later	
  be	
  connected	
  to	
  a	
  
neighbourhood	
  sewerage	
  system	
  (see	
  section	
  10.2)	
  if/when	
  one	
  is	
  installed.	
  
	
  

Design	
  &	
  Maintenance	
  Septic	
  Tanks	
  should	
  be	
  checked	
  to	
  ensure	
  that	
  they	
  are	
  watertight	
  using	
  25mm	
  of	
  
cement	
  plaster	
  so	
  as	
  not	
  allow	
  any	
  leakage.	
  Because	
  of	
  the	
  bacteriological	
  content,	
  care	
  should	
  be	
  taken	
  not	
  to	
  
discharge	
  harsh	
  chemicals	
  such	
  as	
  disinfectant	
  into	
  the	
  Septic	
  Tank.	
  The	
  digestion	
  of	
  waste	
  creates	
  bad	
  smell	
  
and	
  dangerous	
  gases	
  so	
  a	
  vent	
  pipe	
  should	
  always	
  be	
  installed.	
  300mm	
  should	
  be	
  kept	
  between	
  the	
  top	
  of	
  the	
  
scum	
  layer	
  (on	
  top	
  of	
  the	
  liquid)	
  and	
  the	
  bottom	
  of	
  the	
  septic	
  tank	
  lid	
  to	
  allow	
  for	
  gases	
  and	
  a	
  vent	
  pipe	
  should	
  
installed	
  be	
  made	
  of	
  galvanised	
  steel	
  and	
  screened	
  with	
  mosquito	
  mesh	
  on	
  top	
  to	
  prevent	
  vectors	
  entering.	
  	
  

The	
  outlet	
  pipe	
  should	
  also	
  have	
  T-­‐section	
  and	
  be	
  75mm	
  lower	
  than	
  inlet.	
  For	
  discharge	
  of	
  the	
  liquid	
  effluent,	
  	
  
the	
  “Two	
  Meter	
  Rule”	
  can	
  be	
  applied	
  where,	
  if	
  there	
  is	
  2	
  metres	
  of	
  fine	
  sand	
  or	
  loam	
  separating	
  the	
  drainfield	
  
and	
  the	
  ground	
  water	
  then	
  virtually	
  all	
  pathogens	
  will	
  be	
  removed14	
  	
  This	
  must	
  be	
  true	
  all	
  year	
  round.	
  Water	
  is	
  
safe	
  after	
  travelling	
  for	
  ten	
  days.	
  	
  So	
  water	
  can	
  be	
  extracted	
  at	
  least	
  15m	
  away	
  from	
  a	
  soakaway	
  if	
  the	
  soil	
  is	
  
fine.	
  Limestone	
  or	
  fissured	
  rock	
  allows	
  pathogens	
  to	
  travel	
  much	
  further. 

	
  
The	
  first	
  compartment	
  is	
  usually	
  twice	
  the	
  size	
  of	
  the	
  second.	
  The	
  liquid	
  depth	
  is	
  1	
  to	
  2	
  meters	
  and	
  the	
  overall	
  
length-­‐to-­‐width	
  ratio	
  is	
  2	
  or	
  3	
  to	
  1.	
  Experience	
  has	
  shown	
  that,	
  if	
  sufficiently	
  quiescent	
  conditions	
  for	
  effective	
  
sedimentation	
  of	
  the	
  sewage	
  solids	
  are	
  to	
  be	
  provided,	
  the	
  liquid	
  retention	
  time	
  should	
  be	
  at	
  least	
  twenty-­‐four	
  
hours,	
  preferably	
  48	
  hours.	
  To	
  size	
  the	
  septic	
  tank,	
  it	
  is	
  important	
  to	
  determine	
  the	
  rate	
  at	
  which	
  sludge	
  
(including	
  faeces,	
  urine	
  and	
  anal	
  cleansing	
  material)	
  will	
  accumulate,	
  and	
  volume	
  of	
  wastewater	
  	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
14	
  Pickford, J. Low Cost Sanitation.  IT Publications. 1995. 
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The	
  approximate	
  volume	
  of	
  the	
  septic	
  tank	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  equations:	
  
• V	
  =	
  N/1000	
  *	
  (S	
  *	
  T	
  +	
  q	
  *	
  HRT)	
  
	
  	
  
Where:	
  
V	
  =	
  Tank	
  volume	
  (m3);	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
S	
  =	
  Sludge	
  accumulation	
  rate	
  (lcy,	
  litres/cap/year),	
  see	
  section	
  4.3;	
  
T	
  =	
  Desludging	
  Period	
  (years);	
  
q	
  =	
  Amount	
  of	
  wastewater	
  (lcd);	
  
HRT	
  =	
  Hydraulic	
  Retention	
  Time	
  (days).	
  
	
  
For	
  a	
  rectangular	
  tank	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  a	
  sludge	
  accumulation	
  rate	
  of	
  25	
  lcy	
  (S=25)	
  and	
  a	
  
desludging	
  period	
  of	
  2	
  years	
  (T	
  =	
  2),	
  a	
  combined	
  black	
  and	
  grey	
  water	
  disposal	
  of	
  90	
  lcd	
  (q	
  =	
  90)	
  and	
  a	
  
Hydraulic	
  Retention	
  Time	
  of	
  2	
  days	
  (HRT=2):	
  
� V	
  =	
  8/1000	
  *	
  (25	
  *	
  4	
  +	
  90	
  *	
  2)	
  =	
  2.24	
  m3,	
  say	
  tank	
  depth	
  1	
  m’,	
  tank	
  width	
  1m’,	
  length	
  first	
  compartment	
  1.5	
  

m’,	
  length	
  second	
  compartment	
  0.75m’;	
  
� Total	
  tank	
  depth:	
  1	
  m’	
  +	
  30	
  cm	
  freeboard	
  =	
  1	
  +	
  0.3	
  =	
  1.3	
  m’.	
  
	
  
Further	
  reading.	
  The	
  reader	
  is	
  invited	
  to	
  learn	
  more	
  on	
  these	
  systems	
  by	
  consulting:	
  
• Appendix	
  2-­‐2:	
  WASTE	
  DST	
  Collection	
  Storage	
  and	
  Treatment;	
  
• Appendix	
  3-­‐7:	
  WWSP	
  Septic	
  Tank.	
  

Table 8-4: Advantages and disadvantages Septic Tank 

Advantages	
   Disadvantages	
  

• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  
materials	
  

• Long	
  service	
  life	
  
• No	
  real	
  problems	
  with	
  flies	
  or	
  odours	
  if	
  used	
  

correctly	
  
• Low	
  capital	
  costs,	
  moderate	
  operating	
  costs	
  

depending	
  on	
  water	
  and	
  emptying	
  	
  
� Small	
  land	
  area	
  required	
  
� No	
  electrical	
  energy	
  required	
  

� Low	
  reduction	
  in	
  pathogens,	
  solids	
  and	
  organics	
  
� 	
  Effluent	
  and	
  sludge	
  require	
  secondary	
  treatment	
  

and/or	
  appropriate	
  discharge	
  
� Requires	
  constant	
  source	
  of	
  water	
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Table 8-5: Septic tank at a glance 

	
  
	
  
Effluent	
  quality.	
  As	
  explained,	
  the	
  BOD	
  and	
  pathogen	
  removal	
  of	
  a	
  septic	
  tank	
  is	
  limited:	
  
� BOD	
  removal	
  efficiency	
  30%-­‐50%.	
  At	
  a	
  removal	
  efficiency	
  of	
  40%,	
  the	
  effluent	
  of	
  a	
  Septic	
  Tank	
  that	
  holds	
  

black	
  and	
  grey	
  water	
  (see	
  section	
  2.3)	
  is	
  (100%-­‐40%)	
  *	
  520	
  mgBOD/l	
  =	
  320	
  mgBOD/l;	
  
� E-­‐coli	
  removal:	
  log	
  1	
  units.	
  At	
  an	
  influent	
  quality	
  of	
  a	
  Septic	
  Tank	
  that	
  holds	
  black	
  and	
  grey	
  water	
  at	
  105	
  E-­‐

coli/100	
  ml,	
  the	
  bacteriologic	
  quality	
  of	
  the	
  effluent	
  is	
  10(5-­‐1)=	
  104	
  E-­‐coli/100ml.	
  
	
  

8.4. Soakaway 
When	
  the	
  soil	
  is	
  sufficiently	
  permeable,	
  the	
  septic	
  tank	
  effluent	
  can	
  be	
  discharged	
  in	
  a	
  
soakaway	
  /	
  soak	
  pit.	
  A	
  soakaway	
  (see	
  Figure	
  8-­‐13)	
  is	
  a	
  covered,	
  porous-­‐walled	
  chamber	
  that	
  
allows	
  water	
  to	
  slowly	
  soak	
  into	
  the	
  ground.	
  Pre-­‐settled	
  effluent	
  from	
  the	
  septic	
  tank	
  is	
  
discharged	
  to	
  the	
  underground	
  chamber	
  from	
  where	
  it	
  infiltrates	
  into	
  the	
  surrounding	
  soil.	
  
The	
  soakaway	
  can	
  be	
  left	
  empty	
  and	
  lined	
  with	
  a	
  porous	
  material	
  (to	
  provide	
  support	
  and	
  

prevent	
  collapse),	
  or	
  left	
  unlined	
  and	
  filled	
  with	
  coarse	
  rocks	
  and	
  gravel.	
  The	
  rocks	
  and	
  gravel	
  will	
  prevent	
  the	
  
walls	
  from	
  collapsing,	
  but	
  will	
  still	
  provide	
  adequate	
  space	
  for	
  the	
  wastewater.	
  In	
  both	
  cases,	
  a	
  layer	
  of	
  sand	
  
and	
  fine	
  gravel	
  should	
  be	
  spread	
  across	
  the	
  bottom	
  to	
  help	
  disperse	
  the	
  flow.	
  The	
  soakaway	
  should	
  be	
  
between	
  1.5	
  and	
  4	
  meters	
  deep,	
  but	
  never	
  less	
  than	
  1.5	
  meters	
  above	
  the	
  ground	
  water	
  table.	
  As	
  wastewater	
  
(pre-­‐treated	
  grey	
  water	
  or	
  black	
  water)	
  percolates	
  through	
  the	
  soil	
  from	
  the	
  soakaway,	
  the	
  soil	
  matrix	
  filters	
  
out	
  small	
  particles	
  and	
  organics	
  are	
  digested	
  by	
  microorganisms.	
  Thus,	
  soakaways	
  are	
  best	
  suited	
  to	
  soils	
  with	
  
good	
  absorptive	
  properties;	
  clay,	
  hard	
  packed	
  or	
  rocky	
  soils	
  are	
  not	
  appropriate.	
  
	
  

or large scale composting , anaerobic digestion). Before that, the faecal sludge can also be further separated from
the liquid in drying beds or settling. The separated effluents from these systems should be treated in waste
stabilisation ponds (WSP) or constructed wetlands (surface flow, horizontal or vertical flow).
Generally, septic tanks  should be emptied every 1 to 5 years. A small amount of sludge should be left in the tank to
ensure continuing rapid digestion. When opening the tank, gas produced in anaerobic digestion could escape and
therefore, open fire should be avoided when opening the septic tank. Regular de-sludging activities require well-
organised community or public/private service provider (TILLEY et al. 2008). Because of the delicate ecology, care
should also be taken not to discharge harsh chemicals into the septic tank (TILLEY et al. 2008).

Health Aspects

Since the effluent from septic tanks is anaerobic, it is likely to contain large numbers of pathogens, which can be a
potential source of infection (WHO 1992). Many of the problems with septic tank systems arise because no adequate
consideration is given to the disposal of the tank effluent. However, the entire tank is below the surface so direct
contact of users with any wastewater is avoided (TILLEY et al. 2008). But because of the microbial health risk which
arises from both the effluent and the faecal sludge care should be taken during inspections and emptying.
Mechanical emptying in a vacuum truck or a manual technology like a sludge gulper can decrease the health risks
(TILLEY et al. 2008).

At a Glance

Working Principle
Basically a sedimentation tank (physical treatment) in which settled sludge is stabilised by
anaerobic digestion (biological treatment). Dissolved and suspended matter leaves the tank
more or less untreated.

Capacity/Adequacy
Household and community level; Primary treatment for domestic grey- and blackwater.
Depending on the following treatment, septic tanks can also be used for industrial
wastewater. Not adapted for areas with high groundwater table or prone to flooding.

Performance BOD: 30 to 50%; TSS: 40 to 60 %; E. coli: 1 log units
HRT: about 1 day

Costs Low-cost, depending on availability of materials and frequency of de-sludging.

Self-help
Compatibility

Requires expert design, but can be constructed with locally available material.

O&M
Should be checked for water tightness, scum and sludge levels regularly. Sludge needs to be
dug out every 1 to 5 years and discharged properly (e.g. in composting or drying bed).
Needs to be vented.

Reliability When not regularly emptied, wastewater flows through without being treated. Generally
good resistance to shock loading.

Main strength Simple to construct and to operate.

Main weakness Effluent and sludge require further treatment. Long start-up phase.

Applicability
Septic tanks  can be installed in every type of climate, although the efficiency will be affected in colder climates
(TILLEY et al. 2008).
Septic tanks are used for wastewater with a high percentage of settleable solids, typically for effluent from
domestic sources (SASSE 1998). They can be introduced as a decentralized, on-site treatment system at household,
block or school level (UNEP 2004). Effluents still contain pathogens and should therefore not be used for crop
irrigation nor should it be discharged to canals or surface water drains (WHO 1992). Effluents form septic tanks can
be soil infiltrated in [681-soak pits], a [664-leach field] or mounds. In more dense areas, the effluents should not be
infiltrated but the septic tank may be integrated as individual pre-treatment units for a community into a small
bore sewer system transporting the wastewaters to a secondary treatment. Even though the septic tank is
watertight, it should not be constructed in areas with high groundwater tables or where there is frequent flooding
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Figure 8-14: Soakaway (Kalbermatten, 1982) 

	
  
	
  
	
  
Adequacy	
  A	
  Soakaway	
  does	
  not	
  provide	
  adequate	
  treatment	
  for	
  raw	
  wastewater	
  and	
  the	
  pit	
  will	
  clog	
  quickly.	
  
A	
  soakaway	
  should	
  be	
  used	
  for	
  discharging	
  pre-­‐	
  settled	
  black	
  water	
  or	
  grey	
  water.	
  Soakaways	
  are	
  appropriate	
  
for	
  rural	
  and	
  peri-­‐urban	
  settlements.	
  They	
  depend	
  on	
  soil	
  with	
  a	
  sufficient	
  absorptive	
  capacity.	
  They	
  are	
  not	
  
appropriate	
  for	
  areas	
  that	
  are	
  prone	
  to	
  flooding	
  or	
  have	
  high	
  groundwater	
  tables.	
  
	
  
Health	
  Aspects/Acceptance	
  As	
  long	
  as	
  the	
  soakaway	
  is	
  not	
  used	
  for	
  raw	
  sewage,	
  and	
  as	
  long	
  as	
  the	
  septic	
  tank	
  
is	
  functioning	
  well,	
  health	
  concerns	
  are	
  minimal.	
  The	
  technology	
  is	
  located	
  underground	
  and	
  humans	
  and	
  
animals	
  should	
  have	
  no	
  contact	
  with	
  the	
  effluent.	
  It	
  is	
  important	
  however,	
  that	
  the	
  soakaway	
  is	
  located	
  a	
  safe	
  
distance	
  from	
  a	
  drinking	
  water	
  source	
  (ideally	
  30	
  meters).	
  Since	
  the	
  soakaway	
  odourless	
  and	
  not	
  visible,	
  even	
  
the	
  most	
  sensitive	
  communities	
  should	
  accept	
  it.	
  
	
  
Maintenance	
  A	
  well-­‐sized	
  soakaway	
  should	
  last	
  between	
  3	
  and	
  5	
  years	
  without	
  maintenance.	
  To	
  extend	
  the	
  
life	
  of	
  a	
  soakaway,	
  care	
  should	
  be	
  taken	
  to	
  ensure	
  that	
  the	
  effluent	
  has	
  been	
  clarified	
  and/or	
  filtered	
  well	
  to	
  
prevent	
  excessive	
  build	
  up	
  of	
  solids.	
  The	
  soakaway	
  should	
  be	
  kept	
  away	
  from	
  high-­‐traffic	
  areas	
  so	
  that	
  the	
  soil	
  
above	
  and	
  around	
  it	
  is	
  not	
  compacted.	
  When	
  the	
  performance	
  of	
  the	
  soakaway	
  deteriorates,	
  the	
  material	
  
inside	
  the	
  soak	
  pit	
  can	
  be	
  excavated	
  and	
  refilled.	
  To	
  allow	
  for	
  future	
  access,	
  a	
  removable	
  (preferably	
  concrete)	
  
lid	
  should	
  be	
  used	
  to	
  seal	
  the	
  pit	
  until	
  it	
  needs	
  to	
  be	
  maintained.	
  Particles	
  and	
  biomass	
  will	
  eventually	
  clog	
  the	
  
pit	
  and	
  it	
  will	
  need	
  to	
  be	
  cleaned	
  or	
  moved.	
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Figure 14-3. Schematic of Soakaway (whose growing roots may damage them). Table 14-
(millimeters) I gives general guidelines for location in the form of

minimum distances from various features.

Evapotranspiration mounds
Variable
soil cover . o 4 ° In areas where the water table is near the surface

Tight
joints or the soil percolation capacity is insufficient, an

evapotranspiration mound may be substituted for a
drainfield. Design criteria for these mounds depend

:: . t _ _g; .on climate, soil type, and native grasses. Pilot studies
- ; _ _g .-. .are therefore required to confirm or modifv the sug-
: : ; _ _ .: -. gested dimensions in figure 14-5. In addition, gravity-

fed systems require adequate slope between the sep-
tic tank outlet and the mound.

Open

R cfl -_ .I Technical Appropriateness
Rock fil

(in5m mm') Q _ _ i i,Septic tanks of the conventional design described
above are indicated only for houses that have both
an in-house water supply and sufficient land for ef-

: 4 _ $ ? - -fluent disposal. These two constraints effectivelv
* ; _r r .Llimit the responsible use of septic tanks to low-den-

sity urban areas. In such areas they are a very ac-
. . . 9 . 9 . :.ceptable form of sanitation. It is all too common,

however, to see septic tanks provided in medium-
density areas where the effluent, unable to infiltrate

Source: Adapted after Wagner and Lanoix (1958). into the soil, emerges onto the ground surface, where
it ponds, or is discharged into street gutters or storm

The factor 2 is introduced because the trench has drains; in these cases it causes odor nuisance, en-
two sides. The design infiltration rate for soakaways
or drainfields should be taken as 10 liters per square
meter daily, unless a more accurate figure is known Table 14-1. Minimum Required Distances
from local experience. from Variouis Physical Features for Septic Tanks

and Soakaways Located
Soil percolation tests in Common Well-developed Soils

(meters)
The soil must have a sufficient percolative capac- Physical feature Septic tank Soakaway

ity, which can be determined by appropriate tests.
A satisfactory field procedure is to drill at least three Buildings 1.5 3.0

Property boundaries 1.5 1.5150-millimeter-diameter test holes 0 to 5 meters deep Wells 10.0 10.0,
across the proposed drainfield. These are filled with Streams 7.5 30.0
water and left overnight so that the soil becomes Cuts or embankments 7.5 30.0
saturated; on the following day, they are filled to a Water pipes 3.0 3.0
depth of 300 millimeters. After thirty and ninety Paths 1.5 1.5
minutes the water levels are measured; the soil is Large trees 3.0 3.0
considered to have sufficient percolative capacity if Source: Adapted from Cotteral and Norris (1969).
the level in each hole has dropped 15 millimeters per a. Up to 30 meters for sands and gravels and greater distances
hour. for jointed or fissured rocks. As noted in the text, drainfields clogup and must be taken out of service periodically to permit their

recovery. This is ordinarily done by adding a second drainfield.
Location of septic tanks and drainfields operating it to the point of refusal, and diverting the flow back

to the first one. Alternatively, intermittent discharge of the septic
Septic tanks and drainfields should not be located tank effluent will tend to keep the drainfield aerobic and thus

too close to buildings, sources of water, or trees increase its operating life,
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Table 8-6: Advantages and disadvantages Soakaway 

Advantages	
   Disadvantages	
  

• Can	
  be	
  built	
  and	
  maintained	
  with	
  locally	
  available	
  
materials	
  

• Small	
  land	
  area	
  required	
  
• Low	
  capital	
  cost;	
  low	
  operating	
  cost	
  
• Simple	
  technique	
  for	
  all	
  users	
  

• Pre-­‐treatment	
  is	
  required	
  to	
  prevent	
  clogging,	
  
although	
  eventual	
  clogging	
  is	
  inevitable	
  

• May	
  negatively	
  affect	
  soil	
  and	
  groundwater	
  
properties	
  

	
  
The	
  approximate	
  dimension	
  of	
  the	
  soakaway	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  equations:	
  
• F	
  =	
  N	
  *	
  q	
  /	
  i	
  
	
  
Where:	
  
F	
  =	
  Infiltration	
  area	
  (m2);	
  	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
q	
  =	
  Amount	
  of	
  water	
  used	
  for	
  anal	
  cleansing	
  and	
  flushing	
  (lcd);	
  
i	
  =	
  infiltration	
  capacity	
  soil	
  (l/m2/day),	
  see	
  section	
  4.3.	
  
	
  
For	
  a	
  square	
  soakaway,	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  a	
  per	
  capita	
  effluent	
  of	
  30	
  lcd	
  (black	
  water)	
  (q	
  =	
  30),	
  
and	
  infiltration	
  rate	
  of	
  25	
  l/m2/day	
  (I	
  =	
  25),	
  Infiltration	
  area	
  (F)	
  is:	
  
• F	
  =	
  8	
  *	
  30	
  /	
  25	
  =	
  9.6	
  m2,	
  hence	
  a	
  liquid	
  depth	
  of	
  1.6	
  m’	
  in	
  a	
  square	
  soakaway	
  of	
  1.5	
  m’	
  wide	
  and	
  1.5	
  m’	
  

long:	
  9.6/(4*1.5)	
  =	
  1.6	
  m’.	
  	
  
	
  

8.5. Leach field 
A	
  Leach	
  Field,	
  or	
  drainage	
  field,	
  is	
  a	
  network	
  of	
  perforated	
  pipes	
  that	
  are	
  laid	
  in	
  underground	
  
gravel-­‐filled	
  trenches	
  to	
  dissipate	
  the	
  effluent	
  from	
  a	
  septic	
  tank.	
  See	
  Figures	
  8-­‐15	
  through	
  8-­‐
18.	
  Effluent	
  is	
  fed	
  into	
  a	
  distribution	
  box,	
  which	
  directs	
  the	
  flow	
  into	
  several	
  parallel	
  channels.	
  
A	
  small	
  dosing	
  system	
  releases	
  the	
  pressurized	
  effluent	
  into	
  the	
  Leach	
  Field	
  on	
  a	
  timer	
  
(usually	
  3	
  to	
  4	
  times	
  a	
  day).	
  This	
  ensures	
  that	
  the	
  whole	
  length	
  of	
  the	
  Leach	
  Field	
  is	
  utilized	
  

and	
  that	
  aerobic	
  conditions	
  are	
  allowed	
  to	
  recover	
  between	
  dosings.	
  Each	
  trench	
  is	
  0.3	
  to	
  1.5meters	
  deep	
  and	
  
0.3	
  to	
  1	
  meters	
  wide.	
  The	
  bottom	
  of	
  each	
  trench	
  is	
  filled	
  with	
  about	
  15	
  cm	
  of	
  clean	
  rock	
  and	
  a	
  perforated	
  
distribution	
  pipe	
  is	
  laid	
  overtop.	
  More	
  rock	
  covers	
  the	
  pipe	
  so	
  that	
  it	
  is	
  completely	
  surrounded.	
  The	
  layer	
  of	
  
rock	
  is	
  covered	
  with	
  a	
  layer	
  of	
  geotextile	
  fabric	
  to	
  prevent	
  small	
  particles	
  from	
  plugging	
  the	
  pipe.	
  A	
  final	
  layer	
  
of	
  sand	
  and/or	
  topsoil	
  covers	
  the	
  fabric	
  and	
  fills	
  the	
  trench	
  to	
  the	
  ground	
  level.	
  The	
  pipe	
  should	
  be	
  placed	
  15	
  
cm	
  from	
  the	
  surface	
  to	
  prevent	
  effluent	
  from	
  surfacing.	
  The	
  trenches	
  should	
  be	
  dug	
  no	
  longer	
  than	
  20	
  meters	
  
in	
  length	
  at	
  least	
  1	
  to	
  2	
  meters	
  apart.	
  
	
  
Adequacy.	
  Leach	
  Fields	
  require	
  a	
  large	
  area	
  and	
  soil	
  with	
  good	
  absorptive	
  capacity	
  to	
  effectively	
  dissipate	
  the	
  
effluent.	
  To	
  prevent	
  contamination,	
  a	
  Leach	
  Field	
  should	
  be	
  located	
  30	
  meters	
  away	
  from	
  a	
  drinking	
  water	
  
supply.	
  Leach	
  fields	
  are	
  not	
  appropriate	
  for	
  dense	
  urban	
  areas.	
  Homeowners	
  who	
  have	
  a	
  Leach	
  Field	
  must	
  be	
  
aware	
  of	
  how	
  it	
  works	
  and	
  what	
  their	
  maintenance	
  responsibilities	
  are.	
  Trees	
  and	
  deep-­‐rooted	
  plants	
  should	
  
be	
  kept	
  away	
  from	
  the	
  Leach	
  Field	
  as	
  they	
  can	
  crack	
  and	
  disturb	
  the	
  tile	
  bed.	
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Figure 8-135: Functioning Leach Field 

	
  
	
  
	
  
	
  
Health	
  Aspects/Acceptance.	
  Since	
  the	
  technology	
  is	
  underground	
  and	
  it	
  requires	
  little	
  attention,	
  users	
  will	
  
rarely	
  come	
  in	
  contact	
  with	
  the	
  effluent	
  and	
  so	
  it	
  should	
  pose	
  no	
  health	
  risk.	
  The	
  Leach	
  Field	
  must	
  be	
  kept	
  as	
  
far	
  away	
  as	
  possible	
  from	
  (>	
  30	
  meters)	
  any	
  potential	
  potable	
  water	
  sources	
  to	
  avoid	
  contamination.	
  
	
  
Upgrading	
  A	
  Leach	
  Field	
  should	
  be	
  laid	
  out	
  such	
  that	
  it	
  would	
  not	
  interfere	
  with	
  a	
  future	
  sewer	
  connection. 	
  
	
  
Maintenance	
  A	
  Leach	
  Field	
  will	
  become	
  clogged	
  over	
  time,	
  although	
  with	
  a	
  well-­‐functioning	
  pre-­‐treatment	
  
technology,	
  this	
  should	
  take	
  many	
  years.	
  Effectively,	
  a	
  Leach	
  Field	
  should	
  require	
  minimal	
  maintenance,	
  
however	
  if	
  the	
  system	
  stops	
  working	
  efficiently,	
  the	
  pipes	
  should	
  be	
  cleaned	
  and/or	
  removed	
  and	
  replaced.	
  To	
  
maintain	
  the	
  Leach	
  Field,	
  there	
  should	
  be	
  no	
  plants	
  or	
  trees	
  above	
  it	
  and	
  no	
  heavy	
  traffic,	
  which	
  may	
  crush	
  the	
  
pipes	
  or	
  compact	
  the	
  soil.	
  
	
  
	
  
	
  
	
  

ground level. The pipe should be placed 15 cm from the surface to prevent effluent from surfacing. The trenches
should be dug no longer than 20 m in length at least 1 to 2 m apart.

 

 

Functional design of a leach field. Source: NATURAL RESOURCES CANADA (n.y.)

Inevitably, a leach field will become clogged over time. However, a well-functioning pre-treatment technology
guarantees proper functioning for many years. Effectively, a leach field should require minimal maintenance,
although, if the system stops working efficiently, the pipes should be cleaned and/or removed and replaced. To
maintain and protect the leach field, plants with important root systems or trees should not been planted above it.
Also, any kind of heavy vehicles should not pass through the area, since the application of heavy weights might
compact the soil and eventually damage the pipes.

Since the technology is underground and it requires little attention, users will rarely come in contact with the
effluent and so it should pose no health risk. But to prevent contamination, the leach field must be kept as far
away as possible from any potential potable water source (at least 30 m).

Applicability
Leach fields require a large area and soil with good absorptive capacity to effectively dissipate the effluent. To
prevent contamination, a leach field should be located 30 m away from a drinking water supply. Leach fields are
not appropriate for dense urban areas. They can be used in almost every temperature, although there may be
problems with pooling effluent in areas where the ground freezes. Homeowners who have a leach field must be
aware of how it works and what their maintenance responsibilities are. Trees and deep-rooted plants should be
kept away from the leach field as they can crack and disturb the tile bed. 

Advantages
Can be used for combined treatment of greywater, stormwater and wastewater (after a primary
treatment comprising a settling unit: e.g septic tank)
Can be used in almost all climates (not when the ground freezes)
Has a lifespan of 20 years or more (depending on conditions)
Low to moderate capital cost
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Design.	
  The	
  trench	
  length	
  required	
  is	
  calculated	
  from	
  the	
  equation:	
  	
  
L	
  =	
  N	
  *	
  q	
  /	
  (2*	
  D*	
  i)	
  
	
  
Where:	
  
L	
  =	
  trench	
  length	
  in	
  m‘;	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
q	
  =	
  Amount	
  of	
  wastewater	
  (lcd,	
  litres	
  /	
  cap	
  /	
  day);	
  
D	
  =	
  effective	
  depth;	
  
I	
  =	
  infiltration	
  capacity	
  soil	
  (l/m2/day),	
  see	
  section	
  4.3.	
  
	
  
For	
  a	
  trench	
  with	
  an	
  effective	
  depth	
  of	
  0.6	
  m’	
  (D	
  =	
  0.6	
  m’,	
  see	
  Figure	
  8-­‐15),	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  a	
  
per	
  capita	
  effluent	
  of	
  90	
  lcd	
  (black	
  water)	
  (q	
  =	
  90),	
  and	
  infiltration	
  rate	
  of	
  20	
  l/m2/day	
  (i=20),	
  the	
  trench	
  Length	
  
(L):	
  
• L	
  =	
  8	
  *	
  90	
  /	
  (2	
  *	
  0.6	
  *	
  20)	
  =	
  30	
  m’,	
  say	
  4	
  trenches	
  of	
  7.5	
  m’	
  each.	
  	
  

Figure 8-16: Cross section trench 

	
  
	
  

Table 8-7: Advantages and disadvantages Leach Field 

Advantages	
   Disadvantages	
  

• Can	
  be	
  used	
  for	
  the	
  combined	
  treatment	
  of	
  black	
  
water	
  and	
  grey	
  water	
  

• Has	
  a	
  lifespan	
  of	
  20	
  or	
  more	
  years	
  (depending	
  on	
  
conditions)	
  

• Low	
  to	
  moderate	
  capital	
  cost,	
  low	
  operating	
  cost	
  

• Requires	
  expert	
  design	
  and	
  construction	
  	
  
• Requires	
  a	
  large	
  area	
  (on	
  a	
  per	
  person	
  basis)	
  	
  
• Not	
  all	
  parts	
  and	
  materials	
  may	
  be	
  available	
  

locally	
  	
  
• Pre	
  treatment	
  is	
  required	
  to	
  prevent	
  clogging	
  
• May	
  negatively	
  affect	
  soil	
  and	
  groundwater	
  

properties	
  

	
  
	
  

Leaching fields

clean rock

perforated distribution pipe

fabric, to prevent plugging of 
pipe

sand and/or topsoil

system of trenches that is used to dissipate the 
effluent from a septic tank

or discharge of non-solid septic tank effluent

+ little maintenance required 
- Space and skills required !

Effective	
  depth	
  
(0.6	
  m’)	
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Figure 8-17: Leach Field (Kalbermatten, 1982) 

	
  
	
  
Further	
  reading.	
  The	
  reader	
  is	
  invited	
  to	
  learn	
  more	
  on	
  these	
  systems	
  by	
  consulting:	
  
• Appendix	
  2-­‐5:	
  WASTE	
  DST	
  Reuse	
  and	
  Disposal;	
  
• Appendix	
  3-­‐8:	
  WWSP	
  Leach	
  Fields.	
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Figure 14-4. Drainfield for Septic Tank Effluent
(millimeters)

Future diversion box

L J 9 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~0- a
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Trench Rock-soil or'
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interface
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Section a-a

Source: Adapted from Cotteral and Norris (1969: 9 American Society of Civil Engineers:
original used by permission).

courages mosquito breeding, and is a general health are discharged into the first compartment and sullage
hazard. directly into the third; the second compartment pro-

It is possible to alter the design of the septic tank vides additional and more quiescent settling for fecal
to make it more suitable for use in medium-density solids. This arrangement avoids excessive dilution of
areas (up to approximately 200 persons per hectare). the toilet wastes with sullage. This increases reten-
One design modification is the provision of three tion time and reduces the hydraulic disturbance in
compartments (see figure 14-2), only toilet wastes the first and second compartments, minimizing the
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Figure 8-18: Typical lay out leach field (Kalbermatten, 1982) 
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8.6. Anaerobic Upflow Filter15 
In	
  section	
  2.3	
  we	
  showed	
  that	
  the	
  wastewater	
  in	
  oPt	
  is	
  relatively	
  strong.	
  Anaerobic	
  processes	
  
are	
  the	
  most	
  efficient	
  when	
  dealing	
  with	
  strong	
  water	
  (see	
  section	
  2.4).	
  An	
  Anaerobic	
  Upflow	
  
Filter	
  (UAF)	
  is	
  a	
  fixed-­‐bed	
  biological	
  reactor.	
  As	
  wastewater	
  flows	
  through	
  the	
  filter	
  material,	
  
particles	
  are	
  trapped	
  and	
  organic	
  matter	
  is	
  degraded	
  by	
  the	
  bio-­‐mass	
  that	
  is	
  attached	
  to	
  the	
  
filter	
  material.	
  See	
  Figure	
  8-­‐19.	
  This	
  technology	
  consists	
  of	
  a	
  sedimentation	
  tank	
  (or	
  septic	
  tank)	
  

followed	
  by	
  one	
  or	
  more	
  filter	
  chambers.	
  Filter	
  material	
  commonly	
  used	
  includes	
  gravel,	
  crushed	
  rocks,	
  cinder,	
  
or	
  specially	
  formed	
  plastic	
  pieces	
  (see	
  Figure	
  8-­‐20).	
  The	
  AUF	
  most	
  commonly	
  used	
  in	
  oPt	
  applies	
  crushed	
  rocks,	
  
see	
  Figure	
  8-­‐20.	
  These	
  rocks	
  may	
  be	
  subject	
  to	
  decomposition	
  due	
  to	
  the	
  low	
  pH	
  of	
  the	
  wastewater.	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Typical	
  filter	
  material	
  sizes	
  range	
  from	
  12	
  to	
  55	
  mm	
  in	
  diameter.	
  Ideally,	
  the	
  material	
  will	
  provide	
  between	
  90	
  
to	
  300	
  m2	
  of	
  surface	
  area	
  per	
  1	
  m3	
  of	
  reactor	
  volume.	
  By	
  providing	
  a	
  large	
  surface	
  area	
  for	
  the	
  bacterial	
  mass,	
  
there	
  is	
  increased	
  contact	
  between	
  the	
  organic	
  matter	
  and	
  the	
  active	
  biomass	
  that	
  effectively	
  degrades	
  it.	
  The	
  
Anaerobic	
  Filter	
  can	
  be	
  operated	
  in	
  either	
  upflow	
  or	
  down	
  flow	
  mode.	
  The	
  upflow	
  mode	
  is	
  recommended	
  
because	
  there	
  is	
  less	
  risk	
  that	
  the	
  fixed	
  biomass	
  will	
  be	
  washed	
  out.	
  The	
  water	
  level	
  should	
  cover	
  the	
  filter	
  
media	
  by	
  at	
  least	
  0.3	
  m’	
  to	
  guarantee	
  an	
  even	
  flow	
  regime.	
  Studies	
  have	
  shown	
  that	
  the	
  HRT	
  is	
  the	
  most	
  
important	
  design	
  parameter	
  influencing	
  filter	
  performance.	
  An	
  Hydraulic	
  Retention	
  Time	
  (HRT)	
  of	
  0.5	
  to	
  1.5	
  
days	
  is	
  a	
  typical	
  and	
  recommended.	
  A	
  maximum	
  surface-­‐loading	
  (i.e.	
  flow	
  per	
  area)	
  rate	
  of	
  2.8	
  m/d	
  has	
  proven	
  
to	
  be	
  suitable.	
  Suspended	
  solids	
  and	
  BOD	
  removal	
  can	
  be	
  as	
  high	
  as	
  85%	
  to	
  90%	
  but	
  is	
  typically	
  between	
   	
  
50	
  %	
  and	
  80	
  %.	
  Nitrogen	
  removal	
  is	
  limited	
  and	
  normally	
  does	
  not	
  exceed	
  15%	
  in	
  terms	
  of	
  total	
  nitrogen	
  (TN).	
  
	
  
Adequacy.	
  This	
  technology	
  is	
  easily	
  adaptable	
  and	
  can	
  be	
  applied	
  at	
  the	
  household	
  level	
  or	
  a	
  small	
  
neighbourhood.	
  An	
  Anaerobic	
  Filter	
  can	
  be	
  designed	
  for	
  a	
  single	
  house	
  or	
  a	
  group	
  of	
  houses	
  that	
  are	
  using	
  a	
  
lot	
  of	
  water	
  for	
  clothes	
  washing,	
  showering,	
  and	
  toilet	
  flushing.	
  It	
  is	
  only	
  appropriate	
  if	
  water	
  use	
  is	
  high,	
  
ensuring	
  that	
  the	
  supply	
  of	
  wastewater	
  is	
  constant.	
  The	
  Anaerobic	
  Filter	
  will	
  not	
  operate	
  at	
  full	
  capacity	
  for	
  six	
  
to	
  nine	
  months	
  after	
  installation	
  because	
  of	
  the	
  long	
  start	
  up	
  time	
  required	
  for	
  the	
  anaerobic	
  biomass	
  to	
  
stabilize.	
  Therefore,	
  the	
  Anaerobic	
  Filter	
  technology	
  should	
  not	
  be	
  used	
  when	
  the	
  need	
  for	
  a	
  treatment	
  
technology	
  is	
  immediate.	
  Once	
  working	
  at	
  full	
  capacity	
  it	
  is	
  a	
  stable	
  technology	
  that	
  requires	
  little	
  attention.	
  
The	
  Anaerobic	
  Filter	
  should	
  be	
  watertight	
  but	
  care	
  should	
  be	
  taken	
  for	
  construction	
  in	
  areas	
  with	
  high	
  
groundwater	
  tables	
  or	
  where	
  there	
  is	
  frequent	
  flooding.	
  Depending	
  on	
  land	
  availability	
  and	
  the	
  hydraulic	
  
gradient	
  of	
  the	
  sewer	
  (if	
  applicable),	
  the	
  Anaerobic	
  Filter	
  can	
  be	
  built	
  above	
  or	
  below	
  ground.	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
15	
  After	
  Tilley	
  (2008)	
  

Figure 8-149: Principles Anaerobic Upflow Filter (Sasse, 1998)	
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portant for treatment than its physical abil-
ity to hold back solid particles.

When the bacterial film becomes too thick
it has to be removed. This may be done by
back-flash of wastewater or by removing
the filter mass for cleaning outside the re-
actor. Nonetheless, the anaerobic filter is
very reliable and robust.

By experience, on an average, 25 - 30% of
the total filter mass may be inactive due to
clogging. While a cinder or rock filter may
not block completely, reduced treatment ef-
ficiency is indicative of clogging in some
parts. Clogging happens when wastewater
finds a channelled way through only some
open pores as a result of which the high-
speed flow washes the bacteria away. Even-
tually, the lesser used voids in the filter get
clogged. The end result is reduced reten-
tion time within the few open voids. How-
ever, a sand or gravel filter may block com-
pletely due to smaller pore size.

Anaerobic Filter
gas release

Septic Tank gas release Anaerobic Filter
inlet outlet

scum

liquid filter

sludge grill

Fig. 22.
Flow principle of anaerobic up-flow filter. Suspended
solids are retained as much as possible in the sep-
tic tank. Anaerobic filters may also be designed for
down-flow.

The quality of treatment in well-operated
anaerobic filters is in the range of 70% -
90% BOD removal. It is suitable for domes-

tic wastewater and all industrial wastewater
which have a lower content of suspended
solids. Pre-treatment in settlers or septic
tanks may be necessary to eliminate solids
of larger size before they are allowed to
enter the filter.

Anaerobic filters may be operated as down
flow or up flow systems. The up flow sys-
tem is normally preferred as the risk of
washing out active bacteria is less in this
case. On the other hand, flushing of the
filter for the purpose of cleaning is easier
with the down flow system. A combination
of up-flow and down-flow chambers is also
possible. An important design criterion is
that of equal distribution of wastewater
upon the filter area. The provision of ad-
equate space of free water before the filter
and the same before the outlet pipe sup-
ports equal distribution. Full-width down-
flow shafts are preferred to down-flow pipes.
The length of the filter chamber should not
be greater than the water depth.

For smaller and simple structures, the filter
mass consists of cinder (5 to 15 cm in di-
ameter) or rocks (5 to 10 cm in diameter)
which are bedded on perforated concrete
slabs. The filter starts with a layer of large
sized rocks at the bottom. The slabs rest
approximately 50 to 60 cm above ground
on beams which are parallel to the direc-
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Figure 8-20: Plastic media AUF (Sasse, 1998) 

	
  
	
  
Health	
  Aspects/Acceptance.	
  Because	
  the	
  Anaerobic	
  Filter	
  unit	
  is	
  underground,	
  users	
  do	
  not	
  come	
  in	
  contact	
  
with	
  the	
  influent	
  or	
  effluent.	
  Infectious	
  organisms	
  are	
  not	
  sufficiently	
  removed,	
  so	
  the	
  effluent	
  should	
  be	
  
further	
  treated	
  or	
  discharged	
  properly.	
  The	
  effluent,	
  despite	
  treatment,	
  will	
  still	
  have	
  a	
  strong	
  odour	
  and	
  care	
  
should	
  be	
  taken	
  to	
  design	
  and	
  locate	
  the	
  facility	
  such	
  that	
  odours	
  do	
  not	
  bother	
  community	
  members.	
  
As	
  with	
  septic	
  tanks,	
  to	
  prevent	
  the	
  release	
  of	
  potentially	
  harmful	
  gases,	
  the	
  Anaerobic	
  Filters	
  should	
  be	
  
vented.	
  The	
  desludging	
  of	
  the	
  filter	
  is	
  hazardous	
  and	
  appropri-­‐	
  ate	
  safety	
  precautions	
  should	
  be	
  taken.	
  
	
  
Maintenance.	
  Active	
  bacteria	
  must	
  be	
  added	
  to	
  start	
  up	
  the	
  Anaerobic	
  Filter.	
  The	
  active	
  bacteria	
  can	
  come	
  
from	
  sludge	
  from	
  a	
  septic	
  tank	
  that	
  has	
  been	
  sprayed	
  onto	
  the	
  filter	
  material.	
  The	
  flow	
  should	
  be	
  gradually	
  
increased	
  over	
  time,	
  and	
  the	
  filter	
  should	
  be	
  working	
  at	
  maximum	
  capacity	
  within	
  six	
  to	
  nine	
  months.	
  
With	
  time,	
  the	
  solids	
  will	
  clog	
  the	
  pores	
  of	
  the	
  filter.	
  As	
  well,	
  the	
  growing	
  bacterial	
  mass	
  will	
  become	
  too	
  thick	
  
and	
  will	
  break	
  off	
  and	
  clog	
  pores.	
  A	
  sedimentation	
  tank	
  before	
  the	
  filter	
  is	
  required	
  to	
  prevent	
  the	
  majority	
  of	
  
settleable	
  solids	
  from	
  entering	
  the	
  unit.	
  Some	
  clogging	
  increases	
  the	
  ability	
  of	
  the	
  filter	
  to	
  retain	
  solids.	
  When	
  
the	
  efficiency	
  of	
  the	
  filter	
  decreases,	
  it	
  must	
  be	
  cleaned.	
  Running	
  the	
  system	
  in	
  reverse	
  mode	
  to	
  dislodge	
  
accumulated	
  biomass	
  and	
  particles	
  cleans	
  the	
  filters.	
  Alternatively,	
  the	
  filter	
  material	
  can	
  be	
  removed	
  and	
  
cleaned.	
  For	
  ease	
  of	
  removal,	
  it	
  is	
  recommended	
  to	
  use	
  reinforce	
  concrete	
  slabs	
  to	
  cover	
  the	
  Filter	
  in	
  future	
  to	
  
ensure	
  easy	
  operation	
  and	
  maintenance.	
  See	
  Figure	
  8-­‐21.	
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lifted from further down. Scum needs to be
removed before it grows to the extent that
it closes the slots between upper and lower
compartments. Should this happen, gas
bubbles appearing in rows on the water
surface above the slots indicating that scum
must be removed.

Calculation of Dimensions

The upper compartment, inside the funnel
walls, should be designed for 2 h HRT at
peak flow and the hydraulic load should be
less than 1.5 m3/h per 1 m2 surface area.
The sludge compartment below the slots
should be calculated to retain 2.5 litre
sludge per kg BOD reduced per day of stor-
age for short desludging intervals. For longer
intervals use data of spread sheet (Tab. 24.).
Treatment efficiency lies in the range of 25
to 50% COD reduction. For domestic waste-
water, the upper compartment should have
a volume of approximately 50 l per user
and the sludge compartment below the
slots, should have a volume of approxi-
mately 120 litre per user. This rule of thumb
may be valid for a desludging interval of
one year. For more detailed calculation or
in case of non-domestic wastewater use the
formula of the computer spread sheet.

9.4 Anaerobic Filter

The dominant principle of both the septic
tank and Imhoff tank is sedimentation in
combination with sludge digestion. The
anaerobic filter, also known as fixed bed or
fixed film reactor, is different in that it also
includes the treatment of non-settleable and
dissolved solids by bringing them in close
contact with a surplus of active bacterial

mass. This surplus together with “hungry”
bacteria digests the dispersed or dissolved
organic matter within short retention times.
Most of the bacteria are immobile. They tend
to fix themselves to solid particles or, e.g.
at the reactor walls. Filter material, such as
gravel, rocks, cinder or specially formed
plastic pieces provide additional surface
area for bacteria to settle. Thus, the fresh
wastewater is forced to come into contact
with active bacteria intensively. The larger
the surface for bacterial growth, the quicker
the digestion. A good filter material provides
90 to 300 m2 surface area per m3 of occu-
pied reactor volume. A rough surface pro-
vides a larger area, at least in the starting
phase. Later the bacterial „lawn“ or „film“
that grows on the filter mass quickly closes
the smaller groves and holes. The total sur-
face area of the filter seems to be less im-

Fig. 21.
Floating filter balls made of plastic. When bacte-
ria film becomes too heavy, the balls turn over
and discharge their load. The filter medium has
successfully been used for tofu wastewater by
HRIEE in Zheijiang Province/China. [photo: Sasse]
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Figure 8-21: Crushed Stone Anaerobic Upflow Filter (Burnat, 2010) 

	
  
	
  

Figure 8-152: Pre-cast concrete slabs to cover AUF (WEDC, accessed April 2012) 

	
  

!
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Table 8-8: AUF at a glance 

 
The	
  approximate	
  volume	
  of	
  the	
  AUF	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  equations:	
  
• V	
  =	
  N	
  *	
  q	
  *	
  HRT	
  /1000	
  /	
  p	
  
	
  	
  
Where:	
  
V	
  =	
  Tank	
  volume	
  (m3);	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
q	
  =	
  Amount	
  of	
  wastewater	
  (lcd);	
  
HRT	
  =	
  Hydraulic	
  Retention	
  Time	
  (days);	
  
p	
  =	
  pore	
  space	
  (%).	
  
	
  
The	
  volume	
  of	
  a	
  filter	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N	
  =	
  8),	
  a	
  combined	
  black	
  and	
  grey	
  water	
  disposal	
  of	
  90	
  lcd	
  (q	
  =	
  
90),	
  a	
  Hydraulic	
  Retention	
  Time	
  of	
  0.7	
  days	
  (HRT	
  =	
  0.7)	
  and	
  a	
  pore	
  space	
  of	
  35%	
  (p=0.35):	
  
� V	
  =	
  8	
  	
  *	
  90	
  *	
  0.7	
  /	
  1000	
  /	
  0.35	
  =	
  1.44	
  m3.	
  
	
  
Effluent	
  quality.	
  The	
  BOD	
  removal	
  is	
  significant	
  but	
  the	
  pathogen	
  removal	
  of	
  an	
  AUF	
  is	
  limited:	
  
� At	
  a	
  removal	
  efficiency	
  of	
  75%,	
  the	
  effluent	
  of	
  an	
  AUF	
  that	
  receives	
  Septic	
  Tank	
  effluent	
  (see	
  8.3)	
  is	
  (100%-­‐

75%)	
  *	
  320	
  mgBOD/l	
  =	
  80	
  mgBOD/l;	
  
� E-­‐coli	
  removal:	
  log	
  2	
  units.	
  At	
  an	
  influent	
  quality	
  104	
  E-­‐coli/100	
  ml	
  (see	
  8.3),	
  the	
  bacteriologic	
  quality	
  of	
  the	
  

effluent	
  is	
  10(4-­‐2)=	
  100	
  E-­‐coli/100ml.	
  
	
  
Figure	
  8-­‐22	
  provides	
  the	
  sections	
  and	
  dimensions	
  of	
  a	
  25	
  m3/day	
  AUF.	
  This	
  shows	
  concrete	
  cover	
  slabs	
  that	
  
ensure	
  easy	
  access	
  for	
  operation	
  and	
  maintenance.	
  
	
  
	
  

Operation and Maintenance

To allow for the formation of the required biofilm for anaerobic digestion, anaerobic filters need to be “seeded” in
the beginning of the treatment process just like septic tanks and anaerobic baffled reactors. Seeding can be done
by spraying active sludge (e.g. from a septic tanks) on the filter material before starting continuous operation
(SASSE 1998). To give the biofilm the time to grow, it can be helpful to start first with lower hydraulic loads (e.g.
1/4 of the future daily flow, SASSE 1998) and then to increase the flow rate slowly over the following three months.
As this might not be possible in practice, full treatment performance is not likely until approximately six to nine
months later (SASSE 1998).
With time, the solids will clog the pores of the filter and the treatment efficiency decreases. This happens when
the bacterial film becomes too thick and the wastewater finds a channelled way through only some open pores.
When the efficiency goes down, the filter needs to be cleaned by back flushing of wastewater or by removing the
filter mass for cleaning outside the reactor (SASSE 1998; MOREL & DIENER 2006). As with septic tanks, desludging of
the primary settling chamber should be done at regular intervals. Both, desludging and cleaning of the filter
material can be a health-hazard and appropriate safety precautions should be taken (TILLEY et al. 2008).
Anaerobic filters produce biogas. If it is not recovered, which is recommendable, there should be venting to
evacuate the gases, but precaution should be taken for foul odours in densely populated areas.

Health Aspects

When anaerobic filers are constructed underground, contact and thus health risks are limited. The effluent should
be treated further for reuse in agriculture (e.g. in a waste stabilisation pond system or a surface, horizontal or
vertical flow constructed wetland), directly used for fertigation or discharged properly (e.g. in a leach field or soak
pit).

At a Glance

Working Principle Dissolved and non-settleable solids are removed by anaerobic digestion through close
contact with bacteria attached to the filter media

Capacity/Adequacy
Household and community level; as secondary treatment step after primary treatment in a
septic tank or an anaerobic baffled reactor; effluents can be infiltrated into soil or reused
for irrigation; not adapted if high ground-water table or in areas prone to flooding.

Performance BOD: 50 to 90%; TSS: 50 to 80 %; Total Coliforms: 1 to 2 log units
HRT: about 1 day

Costs Generally low-cost; depending on availability of materials and frequency of back flushing
and desludging.

Self-help
Compatibility

Requires expert design, but can be constructed with locally available material.

O&M
Regularly backflush to prevent clogging (without washing out the biofilm); desludging of the
primary settling chambers; needs to be vented if biogas not recovered.

Reliability Reliable if construction is watertight and influent is primary settled; Generally good
resistance to shock loading.

Main strength Resistant to shock load; High reduction of BOD and TSS.

Main weakness Long start-up phase.

Applicability
Anaerobic filters remove dissolved organic and non-settleable solids and are suited for grey- or industrial
wastewater with a lower suspended solid content or blackwater after a primary treatment (e.g. septic tank). They
can be installed in every type of climate, although the efficiency will be affected in colder climates (TILLEY et al.
2008). An anaerobic filter can be designed for a single house or a group of houses. It is only appropriate if water use
is high, ensuring that the supply of wastewater is constant. Anaerobic up-flow filters are also used to lower septic
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Figure 8-163: Section Anaerobic Filter 25 m3/day (Sasse, 1998) 
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Fig. 23.
Anaerobic filter. Dimensions have been calculated for 25 m3 domestic wastewater per day.
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Table 8-9: Advantages and disadvantages AUF 

Advantages	
   Disadvantages	
  

• Resistant	
  to	
  organic	
  and	
  hydraulic	
  shock	
  loads	
  
• No	
  electrical	
  energy	
  required	
  
• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  

materials	
  
• Long	
  service	
  life	
  	
  
• Moderate	
  capital	
  costs,	
  moderate	
  operating	
  

costs	
  depending	
  on	
  emptying;	
  can	
  be	
  lowered	
  
depending	
  on	
  the	
  number	
  of	
  users	
  

• High	
  reduction	
  of	
  BOD	
  and	
  solids	
  

• Requires constant source of water  
• Effluent requires secondary treatment and/or 

appropriate discharge 
• Low reduction of pathogens and nutrients 

Requires expert design and construction 
Long start up time 

	
  
Further	
  reading:	
  
Appendix	
  2-­‐4:	
  WASTE	
  DST	
  Treatment;	
  
Appendix	
  3-­‐9:	
  SSWM	
  Anaerobic	
  Filter.	
  
	
  

Figure 8-174: Household grey water anaerobic upflow filter (UNICEF/Spit, 2012) 
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Figure 8-185: Village grey water anaerobic upflow filter (UNICEF/Spit, 2012) 
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9. Grey water management systems 

9.1. Introduction 
In	
  section	
  4.2	
  we	
  provided	
  a	
  technology	
  selection	
  menu.	
  The	
  menu	
  of	
  selected	
  grey	
  water	
  management	
  
systems	
  is	
  presented	
  in	
  Figure	
  9-­‐1.	
  

Figure 9-1: Technology selection menu grey water management systems 

	
  

9.2. Soakaway 
The	
  soakaway	
  is	
  a	
  simple	
  method	
  to	
  dispose	
  of	
  grey	
  water	
  without	
  reuse	
  in	
  permeable	
  soils.	
  
We	
  refer	
  to	
  section	
  9.2	
  for	
  a	
  description	
  of	
  the	
  soakaway.	
  A	
  soakaway	
  for	
  grey	
  water	
  is	
  often	
  
filled	
  with	
  gravel	
  to	
  provide	
  extra	
  treatment.	
  See	
  Figure	
  9-­‐2.	
  
	
  

Figure 9-2: Gravel filled soakaway (Tilley, 2008) 
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9Sandec Training Tool: Module 4

The generation of liquid waste from hu-
man activities is unavoidable. However, 
not all humans produce the same amount 
of liquid waste. The type and amount of 
liquid waste produced in households is 
influenced by behaviour, lifestyle and 
standard of living of the population as 
well as by the governing technical and 
juridical framework. (Henze and Ledin 
2001, pp. 57−72)

The following section describes the 
different liquid waste fractions produced 
by the households. Industrial wastewa-
ter is not included, although it makes up 
an important fraction of wastewater in 
some environments. (Tilley 2008, pp. 2)

Further questions
Why distinguish between so many  

products? 
!

!
!

Blackwater is the mixture of urine, fae-
ces and flushing water along with anal 
cleansing water (if anal cleansing is 
practised) or dry cleansing material (e.g. 
toilet paper).

Greywater is used water generated 
through bathing, hand-washing, cook-
ing or laundry. It is sometimes mixed or 
treated along with blackwater.

Urine is the liquid not mixed with any 
faeces or water.
Brownwater is blackwater without 
urine.
Beigewater is anal cleansing water. It is 
generated by those who use water rath-
er than dry material for anal cleansing.
Faeces refer to (semi-) solid excrement 
without any urine or water.

Excreta is the mixture of urine and fae-
ces not mixed with any flushing water 
(although small amounts of anal cleans-
ing water may be included).

Faecal sludge is the general term for 
the undigested or partially digested slur-
ry or solid resulting from the storage or 
treatment of blackwater or excreta.

Domestic wastewater comprises all 
sources of liquid household waste: 
blackwater and greywater. However, it 
generally does not include stormwater.

Stormwater in a community settlement 
is runoff from house roofs, paved areas 
and roads during rainfall events. It also 
includes water from the catchment of a 
stream or river upstream of a communi-
ty settlement. 

The different sanitation systems generate the following products:
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The different sanitation systems generate the following products:

!

Mulch Beds for Anal Cleansing Water and Greywater

Greywater or anal cleansing water is drained in an inverted tire planted with flowers. Source: ECOSAN UE (2007)

Here the anal cleansing water or greywater from the toilet or the household is discharged by gravity into a sealed
up receptacle (e.g. inverted tire, container or concrete bed) filled with soil and mulch where ornamental plants are
grown. The mulch allows better ventilation for aerobic degradation of soil impurities and the plant take advantage
of the water and nutrients. The water is released below surface into the mulch bed through a small, perforated bin
put upside down. This way the wastewater is spread more evenly and it helps avoiding blockages. The infiltration
below surface helps reducing remaining disease transmission risks and odours.

 

It is preferable to introduce the effluent below surface to prevent odours and decrease the disease transmission risk. Source: ECOSAN
UE (2007)

The water can also be discharged into a mulch bed around a tree. Source: ECOSAN UE (2007)

The evapotranspiration/mulching bed should be placed close to where the wastewater is generated and ideally in
an area exposed to maximum sunlight to allow for maximum evapotranspiration.

A simple way for sub-surface introduction of the liquid is to cut aplastic bottle into half, to connected the neck to
the hose bringing the wastewater and finally to burry the bottle and the end of the hose together into the
evapotranspiration/mulching bed. It then needs to be covered with soil and leaves and desired plants or trees can
be planted on top. Once the plants reach a considerable size, they can either be cut or planted out and replaced
with new mulch and another plant. The evapotranspiration beds should be inspected regularly to ensure that the
water does not stagnate. To avoid clogging, the hose needs to be washed/rinsed from time to time with warm
water. Evapotranspiration beds also offer the possibility to grow biomass (e.g. bamboo) that might be useful at the
household level for construction purposes, charcoal production or for composting.

A Soak Pit, also known as a soakaway or leach pit, is
a covered, porous-walled chamber that allows water
to slowly soak into the ground. Pre-settled effluent
from a Collection and Storage/Treatment or (Semi-)
Centralized Treatment technology is discharged to
the underground chamber from where it infiltrates
into the surrounding soil.

The Soak Pit can be left empty and lined with a porous
material (to provide support and prevent collapse), or
left unlined and filled with coarse rocks and gravel. The
rocks and gravel will prevent the walls from collapsing,
but will still provide adequate space for the waste-
water. In both cases, a layer of sand and fine gravel
should be spread across the bottom to help disperse
the flow. The soak pit should be between 1.5 and 4m
deep, but never less than 1.5m above the ground water
table.
As wastewater (pre-treated greywater or blackwater)
percolates through the soil from the Soak Pit, small par-
ticles are filtered out by the soil matrix and organics are
digested by micro-organisms. Thus, Soak Pits are best
suited to soils with good absorptive properties; clay,
hard packed or rocky soils are not appropriate.

Adequacy A Soak Pit does not provide adequate
treatment for raw wastewater and the pit will clog
quickly. A Soak Pit should be used for discharging pre-
settled blackwater or greywater.
Soak pits are appropriate for rural and peri-urban settle-
ments. They depend on soil with a sufficient absorptive
capacity. They are not appropriate for areas that are
prone to flooding or have high groundwater tables.

Health Aspects/Acceptance As long as the Soak
Pit is not used for raw sewage, and as long as the previ-
ous Collection and Storage/Treatment technology is
functioning well, health concerns are minimal. The tech-
nology is located underground and thus, humans and ani-
mals should have no contact with the effluent. It is impor-
tant however, that the Soak Pit is located a safe distance
from a drinking water source (ideally 30m).
Since the Soak Pit is odourless and not visible, it should
be accepted by even the most sensitive communities.

Maintenance A well-sized Soak Pit should last bet-
ween 3 and 5 years without maintenance. To extend the
life of a Soak Pit, care should be taken to ensure that
the effluent has been clarified and/or filtered well to
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9.3. Leaching Field 
A	
  leaching	
  field	
  is	
  a	
  simple	
  method	
  to	
  dispose	
  of	
  grey	
  water	
  without	
  reuse	
  in	
  less	
  permeable	
  
soils.	
  We	
  refer	
  to	
  section	
  9.3	
  for	
  a	
  description	
  of	
  the	
  leaching	
  field.	
  See	
  Figure	
  9-­‐2	
  
	
  
	
  
	
  

9.4. Evaporation Field 
An	
  evaporation	
  field	
  is	
  a	
  simple	
  method	
  to	
  dispose	
  of	
  grey	
  water	
  without	
  reuse	
  in	
  impermeable	
  
soils.	
  The	
  wastewater	
  effluent	
  is	
  discharged	
  into	
  sealed	
  up	
  receptacles	
  where	
  the	
  water	
  
evaporates	
  from	
  the	
  soil	
  or	
  transpires	
  from	
  the	
  plants	
  growing	
  there.	
  Bacteria	
  remove	
  the	
  
dissolved	
  organic	
  matter	
  and	
  plants	
  take	
  up	
  the	
  remaining	
  nutrients.	
  See	
  Figure	
  9-­‐3.	
  

	
  

Figure 9-3: Evaporation field (SSWM, accessed April 2012) 

	
  
	
  
Evaporation	
  fields	
  are	
  a	
  low-­‐cost	
  technology	
  that	
  allows	
  for	
  a	
  secondary	
  treatment	
  of	
  grey	
  water.	
  The	
  grey	
  
water	
  can	
  be	
  discharged	
  by	
  gravity	
  into	
  sealed	
  up	
  planting	
  beds,	
  containers,	
  inverted	
  tires	
  or	
  the	
  like	
  where	
  it	
  
will	
  be	
  absorbed	
  by	
  soil	
  particles	
  and	
  moves	
  both	
  horizontally	
  and	
  vertically	
  through	
  the	
  soil	
  pores.	
  The	
  liquid	
  
fraction	
  moves	
  upwards	
  by	
  capillary	
  action	
  and	
  either	
  evaporates	
  at	
  the	
  surface	
  or	
  is	
  taken	
  up	
  by	
  plants	
  or	
  
trees	
  and	
  transpires.	
  The	
  plants/trees	
  take	
  up	
  the	
  remaining	
  nutrients	
  and	
  bacteria	
  living	
  in	
  the	
  soil	
  remove	
  
the	
  dissolved	
  organic	
  material	
  in	
  the	
  effluent.	
  Eucalyptus	
  trees	
  are	
  well	
  suited	
  for	
  evaporation	
  fields	
  and	
  
known	
  for	
  this	
  in	
  oPt.	
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Evapotranspiration Beds
Meiyoshi Acabal Masgon (Xavier
University, SUSAN Center, Philippines),
Robert Gensch (Xavier University, SUSAN
Center, Philippines)

Evapotranspiration beds are an alternative secondary treatment solution for greywater, pre-treated
effluents from septic tanks, anal cleansing water or urine from urine diversion toilets in areas with
high groundwater tables, or where soils prevent wastewater percolation and where the productive
reuse of these wastewater flow streams is not a preferred option. The respective wastewater effluents
are discharged into sealed up receptacles where the water evaporates from the soil or transpires
from the plants growing there. The dissolved organic matter is removed by bacteria and the
remaining nutrients are taken up by plants.

In Out

Greywater, Urine or Yellowwater, Fertigation Water, Treated Water (Effluents from On-site Pre-settling
Units)

-

Introduction

A variety of evaporation bed designs are available and the exact design and measurements depend on the amount and the kind of

wastewater to be treated.

Evaporation beds are a low-cost technology that allows for a secondary treatment of different wastewater flow
streams like partly treated wastewater from septic tanks, greywater from kitchen and showers, anal cleansing
water and or in some cases even for urine from urine diversion toilets. The respective wastewater effluent can be
discharged by gravity into sealed up planting beds, containers, inverted tires or the like where it will be absorbed
by soil particles and moves both horizontally and vertically through the soil pores. The liquid fraction moves
upwards by capillary action and either evaporates at the surface or is taken up by plants and transpires.The
remaining nutrients are taken up by the plants and the dissolved organic material in the effluent is removed by
bacteria living in the soil. 

!

Mulch Beds for Anal Cleansing Water and Greywater

Greywater or anal cleansing water is drained in an inverted tire planted with flowers. Source: ECOSAN UE (2007)

Here the anal cleansing water or greywater from the toilet or the household is discharged by gravity into a sealed
up receptacle (e.g. inverted tire, container or concrete bed) filled with soil and mulch where ornamental plants are
grown. The mulch allows better ventilation for aerobic degradation of soil impurities and the plant take advantage
of the water and nutrients. The water is released below surface into the mulch bed through a small, perforated bin
put upside down. This way the wastewater is spread more evenly and it helps avoiding blockages. The infiltration
below surface helps reducing remaining disease transmission risks and odours.

 

It is preferable to introduce the effluent below surface to prevent odours and decrease the disease transmission risk. Source: ECOSAN
UE (2007)

The water can also be discharged into a mulch bed around a tree. Source: ECOSAN UE (2007)

The evapotranspiration/mulching bed should be placed close to where the wastewater is generated and ideally in
an area exposed to maximum sunlight to allow for maximum evapotranspiration.

A simple way for sub-surface introduction of the liquid is to cut aplastic bottle into half, to connected the neck to
the hose bringing the wastewater and finally to burry the bottle and the end of the hose together into the
evapotranspiration/mulching bed. It then needs to be covered with soil and leaves and desired plants or trees can
be planted on top. Once the plants reach a considerable size, they can either be cut or planted out and replaced
with new mulch and another plant. The evapotranspiration beds should be inspected regularly to ensure that the
water does not stagnate. To avoid clogging, the hose needs to be washed/rinsed from time to time with warm
water. Evapotranspiration beds also offer the possibility to grow biomass (e.g. bamboo) that might be useful at the
household level for construction purposes, charcoal production or for composting.
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Design.	
  The	
  approximate	
  dimension	
  of	
  the	
  evaporation	
  field	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  
equations:	
  
• E	
  =	
  N	
  *	
  q	
  /	
  iE	
  
	
  
Where:	
  
E	
  =	
  Evaporation	
  area	
  (m2);	
  	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
q	
  =	
  Amount	
  of	
  grey	
  water	
  (lcd,	
  litres	
  /	
  cap	
  /	
  day);	
  
iE	
  =	
  Evaporation	
  rate	
  (mm/day	
  =	
  l/m2/day).	
  
	
  
When	
  no	
  local	
  evaporation	
  rates	
  are	
  known,	
  they	
  can	
  be	
  estimated	
  by	
  the	
  rates	
  provided	
  by	
  the	
  FAO:	
  
� Evapotranspiration	
  rates	
  (FAO):	
  

� Cool	
  (~10°C	
  ):	
  2-­‐4	
  mm/day	
  
� Moderate	
  (20°C):	
  4-­‐6	
  mm/day	
  
� Hot	
  (30°C):	
  6-­‐8	
  mm/day	
  

� (source:	
  http://www.fao.org/docrep/x0490e/x0490e04.htm	
  ,	
  accessed	
  8	
  April	
  2012)	
  
	
  
Hence,	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  a	
  per	
  capita	
  grey	
  water	
  effluent	
  of	
  60	
  lcd	
  (q	
  =	
  60),	
  and	
  an	
  evaporation	
  
rate	
  of	
  8	
  mm/day	
  (iE	
  =	
  8),	
  Evaporation	
  area	
  (E)	
  is:	
  
• E	
  =	
  8	
  *	
  60	
  /	
  8	
  =	
  60	
  m2.	
  	
  

Table 9-1: Advantages and disadvantages evaporation field 

Advantages	
   Disadvantages	
  

• Low-­‐cost	
  solution	
  
• Easy	
  to	
  construct	
  	
  
• Easy	
  to	
  use	
  	
  
• Easy	
  to	
  repair	
  if	
  damage	
  occurs	
  

• Tends	
  to	
  clog	
  or	
  overflow	
  	
  
• May	
  constitute	
  a	
  risk	
  during	
  the	
  presence	
  of	
  

small	
  children	
  	
  
• Tends	
  to	
  smell	
  slightly	
  	
  
• May	
  attract	
  insects	
  	
  
• Evaporation	
  process	
  requires	
  time	
  	
  

	
  
Further	
  reading:	
  
• Appendix	
  3-­‐10:	
  SSWM	
  Evaporation	
  Field.	
  

9.5. Grey water reuse16 
Grey	
  water	
  reuse	
  should	
  be	
  a	
  key	
  consideration,	
  particularly	
  in	
  oPt	
  where	
  water	
  scarcity	
  is	
  pronounced.	
  Many	
  
farmers	
  are	
  actually	
  already	
  using	
  grey	
  water	
  but	
  in	
  an	
  uncontrolled	
  and	
  untreated	
  manner.	
  The	
  best	
  estimate	
  
there	
  is	
  comes	
  from	
  the	
  Department	
  of	
  Statistics	
  in	
  Jordan	
  whose	
  2001	
  Amman	
  census	
  revealed	
  that	
  40	
  per	
  
cent	
  of	
  the	
  population	
  use	
  grey	
  water,	
  to	
  some	
  extent,	
  to	
  irrigate	
  their	
  gardens.	
  This	
  amounts	
  to	
  500,000	
  
people	
  in	
  the	
  city	
  alone.	
  The	
  main	
  reasons	
  for	
  the	
  use	
  of	
  grey	
  water	
  are	
  the	
  potential	
  nutrient	
  benefits	
  leading	
  
to	
  increased	
  harvests,	
  as	
  well	
  as	
  savings	
  in	
  terms	
  of	
  fertilizer	
  and	
  water	
  costs.	
  It	
  can	
  safely	
  be	
  said	
  that	
  the	
  
proportion	
  of	
  use	
  may	
  be	
  higher	
  in	
  rural	
  areas	
  where	
  access	
  to	
  potable	
  water	
  and	
  sanitation	
  is	
  more	
  
infrequent.	
  	
  A	
  number	
  of	
  jurisdictions	
  outside	
  oPt	
  have	
  developed	
  policies	
  on	
  grey	
  water	
  use.	
  These	
  policies	
  
can	
  be	
  simple	
  and	
  straightforward	
  and	
  are	
  being	
  applied.	
  With	
  appropriate	
  knowledge	
  on	
  the	
  origins,	
  quality	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
16	
  After	
  McLlwaine	
  (2010)	
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and	
  practices	
  associated	
  with	
  grey	
  water,	
  the	
  same	
  potential	
  of	
  its	
  use	
  can	
  be	
  released	
  for	
  oPt.	
  The	
  low-­‐cost	
  
treatment	
  options	
  discussed	
  in	
  this	
  chapter	
  negate	
  health	
  risks	
  and	
  improve	
  the	
  quality	
  of	
  grey	
  water.	
  
However,	
  agreement	
  is	
  still	
  elusive	
  on	
  what	
  kinds	
  of	
  low-­‐	
  cost	
  technologies	
  are	
  feasible	
  within	
  certain	
  social	
  
and	
  economic	
  contexts.	
  In	
  other	
  words,	
  we	
  need	
  to	
  answer	
  the	
  question	
  of	
  what	
  would	
  drive	
  farmers	
  already	
  
using	
  grey	
  water	
  to	
  apply	
  even	
  a	
  simple	
  practice	
  or	
  technical	
  solution	
  to	
  reduce	
  health	
  risk,	
  when	
  they	
  may	
  not	
  
see	
  this	
  intervention	
  as	
  necessary.	
  Much	
  of	
  the	
  work	
  associated	
  with	
  grey	
  water	
  treatment	
  is	
  site	
  specific.	
  This	
  
suggests	
  that	
  there	
  is	
  a	
  potential	
  for	
  mitigation	
  and	
  some	
  opportunities	
  that	
  planners	
  and	
  managers	
  may	
  be	
  
able	
  to	
  take	
  advantage	
  of	
  to	
  maximize	
  the	
  benefit	
  and	
  minimize	
  the	
  risks	
  associated	
  with	
  grey	
  water	
  use.	
  The	
  
consensus	
  is	
  clear	
  that	
  wastewater	
  use	
  under	
  controlled	
  conditions	
  is	
  now	
  an	
  accepted	
  and	
  responsible	
  
method	
  of	
  achieving	
  water	
  savings.	
  The	
  2006	
  WHO	
  Guidelines	
  for	
  the	
  Safe	
  Use	
  of	
  Wastewater,	
  Excreta	
  and	
  
Grey	
  water (see section 3.4) clearly	
  state	
  that	
  grey	
  water	
  contains	
  nutrients	
  and	
  water,	
  which	
  make	
  them	
  
valuable	
  resources’	
  (vol.	
  4:	
  8).	
  
	
  
Methods	
  to	
  facilitate	
  the	
  reuse	
  of	
  grey	
  water	
  in	
  oPt	
  are	
  the	
  vertical	
  flow	
  constructed	
  wetland	
  (see	
  section	
  9.6)	
  
and	
  the	
  anaerobic	
  upflow	
  filter	
  (see	
  section	
  9.7).	
  

9.6. Vertical Flow Constructed Wetland 
A	
  Vertical	
  Flow	
  Constructed	
  Wetland	
  is	
  a	
  filter	
  bed	
  that	
  is	
  planted	
  with	
  aquatic	
  
plants.	
  See	
  Figure	
  9-­‐4	
  and	
  Figure	
  9-­‐5.	
  Wastewater	
  is	
  poured	
  or	
  dosed	
  onto	
  the	
  
wetland	
  surface	
  from	
  above	
  using	
  a	
  mechanical	
  dosing	
  system	
  or	
  a	
  siphon	
  (see	
  
Figure	
  9-­‐6).	
  The	
  water	
  flows	
  vertically	
  down	
  through	
  the	
  filter	
  matrix.	
  The	
  
important	
  difference	
  between	
  a	
  vertical	
  and	
  horizontal	
  wetland	
  is	
  not	
  simply	
  

the	
  direction	
  of	
  the	
  flow	
  path,	
  but	
  rather	
  the	
  aerobic	
  conditions.	
  	
  

Figure 9-4: Vertical Flow Constructed Wetland (Tilley, 2008) 

	
  
By	
  dosing	
  the	
  wetland	
  intermittently	
  (four	
  to	
  ten	
  times	
  a	
  day),	
  the	
  filter	
  goes	
  through	
  stages	
  of	
  being	
  saturated	
  
and	
  unsaturated,	
  and	
  accordingly,	
  different	
  phases	
  of	
  aerobic	
  and	
  anaerobic	
  conditions.	
  The	
  frequency	
  of	
  
dosing	
  should	
  be	
  timed	
  such	
  that	
  the	
  previous	
  dose	
  of	
  wastewater	
  has	
  time	
  to	
  percolate	
  through	
  the	
  filter	
  bed	
  

A Vertical Flow Constructed Wetland is a filter bed
that is planted with aquatic plants. Wastewater is
poured or dosed onto the wetland surface from
above using a mechanical dosing system. The water
flows vertically down through the filter matrix. The
important difference between a vertical and horizon-
tal wetland is not simply the direction of the flow
path, but rather the aerobic conditions.

By dosing the wetland intermittently (four to ten times
a day), the filter goes through stages of being saturated
and unsaturated, and accordingly, different phases of
aerobic and anaerobic conditions. The frequency of
dosing should be timed such that the previous dose of
wastewater has time to percolate through the filter bed
so that oxygen has time to diffuse through the media
and fill the void spaces.
The Vertical Flow Constructed Wetland can be designed
as a shallow excavation or as an above ground con-
struction. Each filter should have an impermeable liner
and an effluent collection system. Vertical Flow Con-
structed Wetlands are most commonly designed to
treat wastewater that has undergone primary treat-
ment. Structurally, there is a layer of gravel for drainage

(a minimum of 20cm), followed by layers of either sand
and gravel (for settled effluent) or sand and fine gravel
(for raw wastewater).
The filter media acts as both a filter for removing solids,
a fixed surface upon which bacteria can attach and a
base for the vegetation. The top layer is planted and the
vegetation is allowed to develop deep, wide roots which
permeate the filter media.
Depending on the climate, Phragmites australis, Typha
cattails or Echinochloa Pyramidalis are common options.
The vegetation transfers a small amount of oxygen to the
root zone so that aerobic bacteria can colonize the area
and degrade organics. However, the primary role of veg-
etation is to maintain permeability in the filter and pro-
vide habitat for microorganisms.
During a flush phase, the wastewater percolates down
through the unsaturated bed and is filtered by the
sand/gravel matrix. Nutrients and organic material are
absorbed and degraded by the dense microbial popula-
tions attached to the surface of the filter media and the
roots. By forcing the organisms into a starvation phase
between dosing phases, excessive biomass growth can
be decreased and porosity increased. A drainage net-
work at the base collects the effluent. The design and
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so	
  that	
  oxygen	
  has	
  time	
  to	
  diffuse	
  through	
  the	
  media	
  and	
  fill	
  the	
  void	
  spaces.	
  The	
  Vertical	
  Flow	
  Constructed	
  
Wetland	
  can	
  be	
  designed	
  as	
  a	
  shallow	
  excavation	
  or	
  as	
  an	
  above	
  ground	
  construction.	
  Each	
  filter	
  should	
  have	
  
an	
  impermeable	
  liner	
  and	
  an	
  effluent	
  collection	
  system.	
  Vertical	
  Flow	
  Constructed	
  Wetlands	
  are	
  most	
  
commonly	
  designed	
  to	
  treat	
  wastewater	
  that	
  has	
  undergone	
  primary	
  treatment.	
  	
  

Figure 9-5: Jericho Constructed Wetland (Wael, 2012) 

	
  
	
  
Structurally,	
  there	
  is	
  a	
  layer	
  of	
  gravel	
  for	
  drainage	
  (a	
  minimum	
  of	
  20	
  cm),	
  followed	
  by	
  layers	
  of	
  either	
  sand	
  and	
  
gravel	
  (for	
  settled	
  effluent)	
  or	
  sand	
  and	
  fine	
  gravel	
  (for	
  raw	
  wastewater).	
  The	
  filter	
  media	
  acts	
  as	
  both	
  a	
  filter	
  
for	
  removing	
  solids,	
  a	
  fixed	
  surface	
  upon	
  which	
  bacteria	
  can	
  attach	
  and	
  a	
  base	
  for	
  the	
  vegetation.	
  The	
  top	
  layer	
  
is	
  planted	
  and	
  the	
  vegetation	
  is	
  allowed	
  to	
  develop	
  deep,	
  wide	
  roots,	
  which	
  permeate	
  the	
  filter	
  media.	
  
Depending	
  on	
  the	
  climate,	
  Phragmites	
  australis,	
  Typha	
  cattails	
  or	
  Echinochloa	
  Pyramidalis	
  are	
  common	
  
options.	
  The	
  vegetation	
  transfers	
  a	
  small	
  amount	
  of	
  oxygen	
  to	
  the	
  root	
  zone	
  so	
  that	
  aerobic	
  bacteria	
  can	
  
colonize	
  the	
  area	
  and	
  degrade	
  organics.	
  However,	
  the	
  primary	
  role	
  of	
  vegetation	
  is	
  to	
  maintain	
  permeability	
  in	
  
the	
  filter	
  and	
  provide	
  habitat	
  for	
  microorganisms.	
  During	
  a	
  flush	
  phase,	
  the	
  wastewater	
  percolates	
  down	
  
through	
  the	
  unsaturated	
  bed	
  and	
  is	
  filtered	
  by	
  the	
  sand/gravel	
  matrix.	
  Nutrients	
  and	
  organic	
  material	
  are	
  
absorbed	
  and	
  degraded	
  by	
  the	
  dense	
  microbial	
  populations	
  attached	
  to	
  the	
  surface	
  of	
  the	
  filter	
  media	
  and	
  the	
  
roots.	
  By	
  forcing	
  the	
  organisms	
  into	
  a	
  starvation	
  phase	
  between	
  dosing	
  phases,	
  excessive	
  biomass	
  growth	
  can	
  
be	
  decreased	
  and	
  porosity	
  increased.	
  A	
  drainage	
  network	
  at	
  the	
  base	
  collects	
  the	
  effluent.	
  The	
  design	
  and	
  size	
  
of	
  the	
  wetland	
  is	
  dependent	
  on	
  hydraulic	
  and	
  organic	
  loads.	
  Pathogen	
  removal	
  is	
  accomplished	
  by	
  natural	
  
decay,	
  predation	
  by	
  higher	
  organisms,	
  and	
  sedimentation.	
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Figure 9-6: Dosing Siphon (Kalbermatten, 1982) 

	
  
	
  
Adequacy.	
  Clogging	
  is	
  a	
  common	
  problem.	
  Therefore,	
  the	
  influent	
  should	
  be	
  well	
  settled	
  with	
  primary	
  
treatment	
  before	
  flowing	
  into	
  the	
  wetland.	
  This	
  technology	
  is	
  not	
  appropriate	
  for	
  untreated	
  domestic	
  
wastewater	
  (i.e.	
  black	
  water).	
  This	
  is	
  a	
  good	
  treatment	
  for	
  grey	
  water	
  to	
  be	
  used	
  in	
  agriculture.	
  This	
  is	
  a	
  good	
  
option	
  where	
  land	
  is	
  cheap	
  and	
  available,	
  although	
  the	
  wetland	
  will	
  require	
  maintenance	
  for	
  the	
  duration	
  of	
  
its	
  life.	
  There	
  are	
  many	
  complex	
  processes	
  at	
  work,	
  and	
  accordingly,	
  there	
  is	
  a	
  significant	
  reduction	
  in	
  BOD,	
  
solids	
  and	
  pathogens.	
  In	
  many	
  cases,	
  the	
  effluent	
  will	
  be	
  adequate	
  for	
  discharge	
  without	
  further	
  treatment.	
  
Because	
  of	
  the	
  mechanical	
  dosing	
  system,	
  this	
  technology	
  is	
  most	
  appropriate	
  for	
  communities	
  with	
  trained	
  
maintenance	
  staff,	
  constant	
  power	
  supply,	
  and	
  spare	
  parts.	
  Vertical	
  Flow	
  Constructed	
  Wetlands	
  are	
  best	
  
suited	
  to	
  oPt.	
  

Figure 9-7: Constructed wetland under construction 

	
  
	
  



Technical	
  guidance	
  manual	
  on	
  household	
  sanitation	
  and	
  wastewater	
  reuse	
  facilities	
  For	
  WASH	
  cluster	
  
partners	
  for	
  appropriate	
  facilities	
  in	
  urban	
  and	
  rural	
  communities	
  in	
  occupied	
  Palestine	
  territory	
  
PART	
  2:	
  DESIGN	
  OF	
  SYSTEMS	
  
	
  

©	
  UNICEF/Spit,	
  2015	
   Issue	
  Date:	
  26	
  April	
  2012	
   	
  
Author:	
  Jan	
  Spit	
   Document	
  Status:	
  Final	
   	
  
	
  
	
  
	
   	
  

9-­‐7	
  	
  

Health	
  Aspects/Acceptance.	
  The	
  risk	
  of	
  mosquito	
  breeding	
  is	
  low	
  since	
  there	
  is	
  no	
  standing	
  water.	
  The	
  system	
  
is	
  generally	
  aesthetic	
  and	
  can	
  be	
  integrated	
  into	
  wild	
  areas	
  or	
  parklands.	
  Care	
  should	
  be	
  taken	
  to	
  ensure	
  that	
  
people	
  do	
  not	
  come	
  in	
  contact	
  with	
  the	
  influent	
  because	
  of	
  the	
  risk	
  of	
  infection.	
  
	
  
Maintenance.	
  With	
  time,	
  the	
  gravel	
  will	
  become	
  clogged	
  with	
  accumulated	
  solids	
  and	
  bacterial	
  film.	
  The	
  
material	
  may	
  have	
  to	
  be	
  replaced	
  every	
  8	
  to	
  15	
  or	
  more	
  years.	
  Maintenance	
  activities	
  should	
  focus	
  on	
  ensuring	
  
that	
  primary	
  treatment	
  effectively	
  lowers	
  organics	
  and	
  solids	
  concentrations	
  before	
  entering	
  the	
  wetland.	
  
Testing	
  may	
  be	
  required	
  to	
  determine	
  the	
  suitability	
  of	
  locally	
  available	
  plants	
  with	
  the	
  specific	
  wastewater.	
  
The	
  vertical	
  system	
  requires	
  more	
  maintenance	
  and	
  technical	
  expertise	
  than	
  other	
  wetland	
  technologies.	
  
	
  

Table 9-2: Vertical Flow Constructed Wetland at a glance 

	
  
	
  
Design.	
  The	
  approximate	
  area	
  of	
  the	
  wetland	
  can	
  be	
  calculated	
  as	
  a	
  function	
  of	
  the	
  following	
  equation:	
  
• A	
  =	
  N	
  *	
  q	
  *	
  HRT	
  /1000	
  /	
  p	
  /	
  D	
  
	
  	
  
Where:	
  
A	
  =	
  Wetland	
  area	
  (m2);	
  
N	
  =	
  Number	
  of	
  users	
  (capita);	
  
q	
  =	
  Amount	
  of	
  wastewater	
  (lcd,	
  litres	
  /	
  cap	
  /	
  day);	
  
HRT	
  =	
  Hydraulic	
  Retention	
  Time	
  (days);	
  
p	
  =	
  pore	
  space	
  (%);	
  
D	
  =	
  Effective	
  depth	
  (m’).	
  
	
  

In general the O&M requirements for constructed wetlands are relatively simple (no high-tech appliances or
chemical additives), allowing community organisations or a private, small-scale entrepreneur to manage the system
after adequate capacity building and with technical support (GAUSS 2008). However, a CW will require maintenance
for the duration of its life. This aspect is frequently overlooked in decision-making processes.

With time, the gravel will become clogged with accumulated solids and bacterial film. The material may have to be
replaced every 8 to 15 or more years. Maintenance activities should focus on ensuring that primary treatment
effectively lowers organics and solids concentrations before entering the wetland (TILLEY et al.).

A very critical situation occurs when the filter smells like “foul eggs”. This is an indicator for anaerobic conditions.
In this case the filter should be rested and the loads must be readjusted (HOFFMANN et al. 2010). It needs to be
controlled regularly whether pre-treatment facilities work properly, and they have to be emptied frequently and
sludge must be discharged correctly (see human-powered emptying and transport and motorised emptying and
transport).

Vertical systems require more technical expertise than other wetland technologies (see HOFFMANN et al. 2010).

Health Aspects

The risk of mosquito breeding is low since – if properly designed – there is no standing water. It should be ensured
that residents do not come in contact with the sludge/wastewater in the pre-treatment facility nor with the
influent of the filter because of the risk if infection (TILLEY et al. 2008).

Greywater, which has been treated in subsurface flow constructed wetlands generally meets the standards for
pathogen levels for safe discharge to the environment without further treatment. In case of domestic wastewater,
the situation could be different and for safety reasons, disinfection (by tertiary treatment) might be necessary,
depending on the intended reuse application (HOFFMANN et al. 2010).

The biggest health risk arises from settled wastewater in the pre-treatment facility. This should be considered
during inspections and emptying. A proper emptying process (human powered or motorised) can decrease the
health risks (TILLEY et al. 2008). After that, also sludge must be treated correctly, for example in drying beds or
composting facilities.

At a Glance

Working Principle

Pre-treated grey- or blackwater is applied intermittently to a planted filter surface, percolates
through the unsaturated filter substrate where physical, biological and chemical processes
purify the water. The treated wastewater is collected in a drainage network (adapted from
MOREL and DIENER 2006).

Capacity/Adequacy
It can be applied for single households or small communities as a secondary or tertiary
treatment facility of grey- or blackwater. Effluent can be reused for irrigation or is discharged
into surface water (MOREL and DIENER 2006).

Performance BOD = 75 to 90%; TSS = 65 to 85%; TN < 60%; TP < 35%; FC ! 2 to 3 log; MBAS ~ 90%; (adapted
from: MOREL & DIENER 2006)

Costs
The capital costs of constructed wetlands are dependent on the costs of sand and gravel and
also on the cost of land required for the CW. The operation and maintenance costs are very low
(MOREL and DIENER 2006).

Self-help
Compatibility

O&M by trained labourers, most of construction material locally available, except filter
substrate could be a problem. Construction needs expert design. Electricity pumps may be
necessary.

O&M Emptying of pre-settled sludge, removal of unwanted vegetation, cleaning of inlet/outlet
systems.

Reliability Clogging of the filter bed is the main risk of this system, but treatment performance is
satisfactory.

Main strength
Efficient removal of suspended and dissolved organic matter, nutrients and pathogens; no
wastewater above ground level and therefore no odour nuisance; plants have a landscaping and
ornamental purpose (MOREL and DIENER 2006).

Main weakness

Even distribution on a filter bed requires a well-functioning pressure distribution with pump or
siphon. Uneven distribution causes clogging zones and plug flows with reduced treatment
performance; high quality filter material is not always available and expensive; expertise
required for design, construction and monitoring (MOREL and DIENER 2006).
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The	
  wetland	
  area	
  for	
  a	
  family	
  of	
  8	
  persons	
  (N=8),	
  grey	
  water	
  disposal	
  of	
  60	
  lcd	
  (q	
  =	
  60),	
  a	
  Hydraulic	
  Retention	
  
Time	
  of	
  1	
  day	
  (HRT=1),	
  a	
  pore	
  space	
  of	
  40%	
  (p=0.40)	
  and	
  an	
  effective	
  depth	
  of	
  60	
  cm	
  (D=0.6	
  m’):	
  
� A	
  =	
  8	
  	
  *	
  60	
  *	
  1	
  /	
  1000	
  /	
  0.40	
  /	
  0.6	
  =	
  2	
  m2.	
  
	
  
Effluent	
  quality:	
  
� At	
  a	
  BOD	
  grey	
  water:	
  280	
  mgBOD/l	
  
� Removal	
  BOD:	
  90%	
  
� BOD	
  effluent:	
  (100%-­‐90%)*280	
  =	
  28	
  mg	
  BOD/l	
  
� E-­‐coli	
  in	
  grey	
  water:	
  105	
  /	
  100	
  ml	
  
� Removal:	
  3	
  log	
  units	
  
� E-­‐coli	
  effluent:	
  10(5-­‐3)	
  =	
  102	
  /	
  100ml	
  
� à	
  Unrestricted	
  irrigation	
  (WHO,	
  2006)	
  

 

Table 9-3: Advantages and disadvantages Vertical Flow Constructed Wetland  

Advantages	
   Disadvantages	
  

• Utilisation	
  of	
  natural	
  processes	
  
• No	
  chemical	
  &	
  electrical	
  energy	
  required	
  
• Low	
  operation	
  and	
  maintenance	
  
• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  

materials	
  	
  
• Does	
  not	
  have	
  mosquito	
  or	
  odour	
  nuisance	
  

problems	
  since	
  there	
  is	
  no	
  surface	
  water	
  Less	
  
clogging	
  than	
  in	
  a	
  horizontal	
  flow	
  constructed	
  
wetland	
  	
  

• High	
  reduction	
  in	
  BOD,	
  suspended	
  solids	
  and	
  
pathogens	
  	
  

• Construction	
  can	
  provide	
  short-­‐term	
  
employment	
  to	
  local	
  labourers	
  

• Long	
  start	
  up	
  time	
  to	
  work	
  at	
  full	
  capacity	
  
• Requires	
  large	
  land	
  area	
  	
  
• Requires	
  expert	
  design	
  and	
  supervision	
  	
  
• High	
  quality	
  filter	
  material	
  is	
  not	
  always	
  available	
  

and	
  expensive	
  	
  
• Moderate	
  capital	
  cost	
  depending	
  on	
  land,	
  liner,	
  

fill,	
  etc.;	
  low	
  operating	
  costs	
  	
  
• Pre-­‐treatment	
  is	
  required	
  to	
  prevent	
  clogging	
  
• Dosing	
  system	
  requires	
  more	
  complex	
  

engineering	
  except	
  when	
  siphons	
  are	
  used	
  

	
  
Further	
  reading:	
  
• Appendix	
  2-­‐4:	
  WASTE	
  DST	
  Treatment	
  
• Appendix	
  3-­‐11:	
  SSWM	
  Constructed	
  Wetland	
  
	
  

9.7. Anaerobic Upflow Filter and reuse 
Given	
  the	
  relative	
  strength	
  of	
  the	
  grey	
  water.	
  An	
  Anaerobic	
  Upflow	
  Filter	
  is	
  an	
  
appropriate	
  system	
  to	
  treat	
  the	
  grey	
  water.	
  See	
  section	
  8-­‐6.	
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10. Neighborhood based (Urban Village) Sewerage and 
Sewage Management 

	
  

10.1. Introduction 
In	
  section	
  4.2	
  we	
  provided	
  a	
  technology	
  selection	
  menu.	
  The	
  menu	
  of	
  selected	
  grey	
  water	
  management	
  
systems	
  is	
  presented	
  in	
  Figure	
  10-­‐1.	
  

 

 

Figure 10-1: Technology selection menu grey water management systems 

	
  

10.2. Neighborhood sewerage 
Sewerage	
  is	
  implemented	
  for	
  user	
  convenience	
  and	
  can	
  have	
  
environmental	
  benefits	
  if	
  operated	
  well	
  on	
  a	
  municipal	
  scale.	
  
However,	
  a	
  well-­‐designed,	
  well-­‐operated	
  on-­‐site	
  system	
  can	
  
have	
  more	
  environmental	
  benefits	
  than	
  a	
  poorly	
  managed	
  
sewerage	
  system	
  that	
  discharges	
  its	
  effluent	
  untreated	
  into	
  
the	
  wadis	
  or	
  sea.	
  Combined	
  Conventional	
  Gravity	
  Sewers	
  are	
  

large	
  networks	
  of	
  underground	
  pipes	
  that	
  convey	
  black	
  water,	
  grey	
  water	
  and	
  stormwater	
  from	
  individual	
  
households	
  to	
  a	
  centralized	
  treatment	
  facility	
  using	
  gravity	
  (and	
  pumps	
  where	
  necessary).  
	
  
Separate	
  Conventional	
  Gravity	
  Sewers	
  are	
  large	
  networks	
  of	
  underground	
  pipes	
  that	
  convey	
  only	
  black	
  water	
  
and	
  grey	
  water.	
  Shallow	
  Sewers	
  or	
  Simplified	
  Sewers	
  describe	
  a	
  sewerage	
  network	
  that	
  is	
  constructed	
  using	
  
smaller	
  diameter	
  pipes	
  laid	
  at	
  a	
  shallower	
  depth	
  and	
  at	
  a	
  flatter	
  gradient	
  than	
  conventional	
  sewers.	
  The	
  
Simplified	
  Sewer	
  allows	
  for	
  a	
  more	
  flexible	
  design	
  associated	
  with	
  lower	
  costs	
  and	
  a	
  higher	
  number	
  of	
  
connected	
  households.	
  See	
  Figure	
  10-­‐3.	
  	
  
	
  
A	
  Small	
  Bore	
  Sewer	
  is	
  a	
  network	
  of	
  small	
  diameter	
  pipes	
  that	
  transports	
  solids-­‐free	
  or	
  pre-­‐treated	
  wastewater	
  
(such	
  as	
  septic	
  tank	
  or	
  settling	
  tank	
  effluent)	
  to	
  a	
  treatment	
  facility	
  for	
  further	
  treatment	
  or	
  to	
  a	
  discharge	
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point.	
  Small	
  Bore	
  Sewers	
  are	
  also	
  referred	
  as	
  settled,	
  Solids-­‐Free,	
  small-­‐diameter, variable	
  grade	
  gravity,	
  or	
  
septic	
  tank	
  effluent	
  gravity	
  sewers.	
  See	
  Figure	
  10-­‐2.	
  A	
  Small	
  Bore	
  Sewer	
  is	
  a	
  good	
  way	
  to	
  upgrade	
  areas	
  with	
  
septic	
  tanks	
  in	
  future.	
  Given	
  the	
  relative	
  absence	
  of	
  septic	
  tanks	
  and	
  given	
  the	
  topography	
  both	
  in	
  Gaza	
  and	
  
the	
  West	
  Bank,	
  most	
  sewers	
  are	
  already	
  designed	
  as	
  shallow	
  sewers.	
  The	
  design	
  on	
  shallow	
  sewers	
  is	
  beyond	
  
the	
  aim	
  of	
  this	
  manual.	
  Reference	
  is	
  made	
  to	
  two	
  design	
  manuals	
  that	
  are	
  made	
  available:	
  
• Mara,	
  Duncan	
  (2001),	
  Andrew	
  Sleigh	
  and	
  Kevin	
  Tayler:	
  PC-­‐-­‐based	
  Simplified	
  Sewer	
  Design,	
  School	
  of	
  Civil	
  

Engineering	
  University	
  of	
  Leeds	
  and	
  GHK	
  Research	
  &	
  Training,	
  London;	
  
• 	
  Bakalia,	
  Alexander	
  (1994),	
  Albert	
  Wright,	
  Richard	
  Otis	
  and	
  Jose	
  de	
  Azevedo	
  Netto,	
  Simplified	
  Sewerage,	
  

Design	
  Guidelines,	
  UNDP/World	
  Bank.	
  
	
  

Figure 10-2: Small Bore Sewerage (Kalbermatten, 1982) 

	
  
	
  

Figure 10-3: Shallow Sewerage (SSWM, 2012) 
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Management arrangements

■ Individual households are normally responsible for maintenance of each interceptor
tank (as with septic tanks) while the sewer network requires a communal management
arrangement. This may involve a central service provider or small private operator
employed to maintain the system and clean the tanks regularly.

How much does it cost?

■ Capital costs: Considerably lower than for conventional systems. Approximately Rs 28,100
(US$685) for the unit illustrated. Desluding costs roughly Rs 2,500 (US$60) every five years.

■ Operating costs: Depends on topography. Reduced pumping costs due to reduced
depth must be balanced against cost of periodic removal of sludge from tanks.

Links to other technologies

■ Desludging of fecal sludge.

Examples of practical experience

■ Sewered Interceptor Tank Systems (SITS) have been used successfully in Australia;
there are also examples in Pakistan, South Africa, and the Maldives.

Sources of further information

■ Otis, R. J., and D. D. Mara. 1985. Design of Small Bore Sewerage Systems. Series
TAG Technical Note #14. The World Bank, Washington D. C. Sanicon website at
www.sanicon.net/titles/topicintro.php3?topicId=8. Website www-wds.worldbank.org

Figure 12: Small Bore Sewerage

Source: After Kalbermatten et al. 1982.
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Simplified and Condominal Sewers
Published on SSWM (http://www.sswm.info)

Simplified and Condominal Sewers
Beat Stauffer (seecon international gmbh)

Simplified sewers describe a sewerage network that is constructed
using smaller diameter pipes laid at a shallower depth and at a flatter gradient than conventional
sewers. Condominal sewers are constructed like simplified sewers but designed for the scale of a
housing area involving end-users in planning and implementation. The simplified sewers allows for
a more flexible design associated with lower costs and a higher number of connected households. This
might be particularly of interest in rocky areas or where the groundwater table is high. Simplified
sewers can be built and repaired with locally available materials. However, expert design and
construction supervision is essential and repairs and removal of blockages may be required more
frequently than for a conventional gravity sewer. Moreover, effluent and sludge (from interceptors)
requires secondary treatment and/or appropriate discharge.

In Out

Blackwater, Greywater, Brownwater, Urine or Yellowwater, Non-

biodegradable Wastewater

Blackwater, Non-biodegradable

Wastewater

Introduction

The high rate of urbanisation creates high-density low-income areas in many developing countries. In this context,

simplified sewerage is technically and institutionally feasible, economically appropriate and financially affordable

sanitation option (MARA 1996).Wastewater is collected, pre-settled and then transported to a semi-centralised

secondary treatment system such as constructed wetlands (free-surface, horizontal or vertical), or waste

stabilisation ponds). The sludge from interceptor tanks (and other pre-settling units) needs also secondary

treatment (see alsosettling and thickening, drying beds, non-planted filters, mechanical dewatering, composting,

further anaerobic digestion at large scale), after emptying (see human powered or motorised emptying and

transport).

A simplified sewer (condominal sewer) network. Sewers are laid within property boundaries rather than beneath central roads. Source:

EAWAG and SANDEC (2008)

Basic Design Principles
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Table 10-1: Advantages and disadvantages Small Bore Sewerage 

Advantages	
   Disadvantages	
  

• Grey	
  water	
  can	
  be	
  managed	
  at	
  the	
  same	
  time	
  	
  
• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  

materials	
  	
  
• Construction	
  can	
  provide	
  short-­‐term	
  

employment	
  to	
  local	
  labourers	
  	
  
• Capital	
  costs	
  are	
  less	
  than	
  for	
  conventional	
  

gravity	
  sewers	
  	
  
• Can	
  be	
  extended	
  as	
  a	
  community	
  changes	
  and	
  

grows	
  	
  
• Appropriate	
  for	
  densely	
  populated	
  areas	
  with	
  

sensitive	
  groundwater	
  or	
  no	
  space	
  for	
  a	
  soak	
  pit	
  
or	
  leaching	
  field	
  

• Requires	
  repairs	
  and	
  removals	
  of	
  blockages	
  more	
  
frequently	
  than	
  a	
  conventional	
  gravity	
  sewer	
  

• Requires	
  expert	
  design	
  and	
  construction	
  
supervision	
  	
  

• Requires	
  education	
  and	
  acceptance	
  to	
  be	
  used	
  
correctly	
  	
  

• Effluent	
  and	
  sludge	
  (from	
  interceptors)	
  requires	
  
secondary	
  treatment	
  and/or	
  appropriate	
  
discharge	
  

• The	
  interceptor	
  tanks	
  can	
  overflow	
  when	
  they	
  
have	
  not	
  been	
  desludged	
  in	
  time	
  	
  

• The	
  system	
  can	
  become	
  blocked	
  because	
  of	
  
illegal	
  connections	
  that	
  by-­‐pass	
  the	
  interceptor	
  
tank	
  	
  

• Small-­‐bore	
  sewerage	
  systems	
  are	
  basically	
  only	
  
suitable	
  where	
  there	
  are	
  interceptor	
  tanks,	
  septic	
  
tanks	
  or	
  other	
  on-­‐site	
  pre-­‐treatment	
  systems	
  	
  

• The	
  need	
  to	
  desludge	
  the	
  interceptor	
  tank	
  
regularly	
  requires	
  the	
  involvement	
  of	
  a	
  well-­‐
organized	
  sewerage	
  department	
  

	
  

Table 10-2: Advantages and disadvantages Shallow Sewerage  

Advantages	
   Disadvantages	
  

• Can	
  be	
  built	
  and	
  repaired	
  with	
  locally	
  available	
  
materials	
  	
  

• Construction	
  can	
  provide	
  short-­‐term	
  
employment	
  to	
  local	
  labourers	
  	
  

• Capital	
  costs	
  are	
  between	
  30%	
  than	
  conventional	
  
gravity	
  sewers	
  

• Can	
  be	
  extended	
  as	
  a	
  community	
  changes	
  and	
  
grows	
  

• Requires	
  enough	
  water	
  for	
  flushing	
  	
  
• Requires	
  expert	
  design	
  and	
  construction	
  

supervision	
  	
  
• Requires	
  repairs	
  and	
  removals	
  of	
  blockages	
  more	
  

frequently	
  than	
  a	
  conventional	
  gravity	
  sewer	
  
• 	
  

	
  
Further	
  reading:	
  
• Appendix	
  2-­‐4:	
  WASTE	
  DST	
  Treatment	
  
• Appendix	
  3-­‐12:	
  SSWM	
  Solid	
  Free	
  Sewers	
  
• Appendix	
  3-­‐13:	
  SSWM	
  Shallow	
  Sewerage	
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10.3. Neighborhood Sewage Treatment: Anaerobic Baffle Reactor 
Given	
  the	
  relative	
  strength	
  of	
  the	
  wastewater	
  in	
  oPt,	
  anaerobic	
  treatment	
  in	
  an	
  Anaerobic	
  
Baffle	
  Reactor	
  is	
  the	
  most	
  appropriate	
  treatment	
  system.	
  When	
  it	
  is	
  followed	
  by	
  a	
  Vertical	
  
Flow	
  Constructed	
  Wetland	
  (See	
  section	
  9.6	
  and	
  see	
  Figure	
  10-­‐4)	
  the	
  effluent	
  is	
  fit	
  for	
  reuse	
  in	
  
agriculture.	
  	
  An	
  Anaerobic	
  Baffle	
  Reactor	
  (ABR)	
  is	
  an	
  improved	
  septic	
  tank	
  because	
  of	
  the	
  
series	
  of	
  baffles	
  under	
  which	
  the	
  wastewater	
  is	
  forced	
  to	
  flow.	
  The	
  increased	
  contact	
  time	
  

with	
  the	
  active	
  biomass	
  (sludge)	
  results	
  in	
  improved	
  treatment.	
  See	
  Figure	
  10-­‐5.	
  
	
  

Figure 10-4: ABR and constructed wetland 
(http://farm6.static.flickr.com/5005/5268650406_6b710f8be8.jpg, accessed April 2012) 

	
  
	
  

Figure 10-5: Anaerobic Baffle Reactor (Sasse, 1998) 

	
  
	
  
The	
  majority	
  of	
  settleable	
  solids	
  are	
  removed	
  in	
  the	
  sedimentation	
  chamber	
  at	
  the	
  beginning	
  of	
  the	
  ABR,	
  
which	
  typically	
  represents	
  50%	
  of	
  the	
  total	
  volume.	
  The	
  up-­‐	
  flow	
  chambers	
  provide	
  additional	
  removal	
  and	
  
digestion	
  of	
  organic	
  matter:	
  BOD	
  may	
  be	
  reduced	
  by	
  up	
  to	
  90	
  %,	
  which	
  is	
  far	
  superior	
  to	
  that	
  of	
  a	
  conventional	
  
septic	
  tank.	
  As	
  sludge	
  is	
  accumulating,	
  desludging	
  is	
  required	
  every	
  2	
  to	
  3	
  years.	
  Critical	
  design	
  parameters	
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The up-flow velocity of the baffled septic
tank, which should never be more than
2 m/h, limits its design. Based on a given
hydraulic retention time, the up-flow veloc-
ity increases in direct relation to the reac-
tor height. Therefore can the reactor height
not serve as a variable parameter to de-
sign the reactor for the required HRT. The
limited upstream velocity results in large
but shallow tanks. It is for this reason that
the baffled reactor is not economical for
larger plants. It is also for this reason that
it is not very well known and poorly re-
searched.

However, the baffled septic tank is ideal for
DEWATS because it is simple to build and
simple to operate. Hydraulic and organic
shock loads have little effect on treatment
efficiency.

The difference with the UASB lies in the
fact that it is not necessary for the sludge
blanket to float; it may rest at the bot-
tom. 3-phase separators are also not nec-
essary since a part of the active sludge
that is washed out from one chamber is
trapped in the next. The tanks put in se-
ries also help to digest difficult degrada-
ble substances, predominantly in the rear
part, after easily degradable matters have

been digested in the front part, already.
Consequently, recycling of effluent would
have a slightly negative effect on treat-
ment quality. The baffled septic tank con-
sists of at least four chambers in series.
The last chamber could have a filter in its
upper part in order to retain eventual solid
particles. A settler for post-treatment could
also be placed after the baffled septic tank
(Fig. 51).

Equal distribution of inflow, and wide spread
contact between new and old substrate are
important process features. The fresh influ-
ent is mixed as soon as possible with the
active sludge present in the reactor in or-
der to get quickly inoculated for digestion.
This is contrary to the principle of the Imhoff
tank. The wastewater flows from bottom to
top with the effect that sludge particles
settle against the up-stream of the liquid.
This provides the possibility of intensive
contact between resident sludge and newly
incoming liquid.

The DEWATS version does not have a grill.
It always starts with a settling chamber for
larger solids and impurities followed by a
series of up-flow chambers. The water stream
between chambers is directed by baffle walls
that form a down-shaft or by down-pipes

that are placed on parti-
tion walls. Although with
down-pipes the total di-
gester can be shorter
(and cheaper), down-
shafts should have pref-
erence because of better
distribution of flow.

Baffled septic tank
provision for principal longitudinal section

gas release

inlet
scum outlet

liquid

sludge

baffled reactorsettler

Fig. 26.
Flow principle of baffled septic tank. Incoming wastewater is forced to pass through active bacteria sludge
in each compartment. The settler in front prevents larger solids to enter the baffle section.
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include	
  a	
  hydraulic	
  retention	
  time	
  (HRT)	
  between	
  48	
  to	
  72	
  hours,	
  up-­‐flow	
  velocity	
  of	
  the	
  wastewater	
  less	
  than	
  
0.6	
  m’/h	
  and	
  the	
  number	
  of	
  up-­‐flow	
  chambers	
  (2	
  to	
  3).	
  
	
  

Figure 10-6: ABR under construction (Spit, Surabaya, 2011) 

	
  
	
  
Adequacy.	
  This	
  technology	
  is	
  easily	
  adaptable	
  and	
  can	
  be	
  applied	
  at	
  the	
  household	
  level	
  or	
  for	
  a	
  small	
  
neighbourhood	
  (see	
  Figure	
  10-­‐6).	
  This	
  technology	
  is	
  also	
  appropriate	
  for	
  areas	
  where	
  land	
  may	
  be	
  limited	
  
since	
  the	
  tank	
  is	
  installed	
  underground	
  and	
  requires	
  a	
  small	
  area.	
  It	
  should	
  not	
  be	
  installed	
  where	
  there	
  is	
  a	
  
high	
  groundwater	
  table	
  as	
  infiltration	
  will	
  affect	
  the	
  treatment	
  efficiency	
  and	
  contaminate	
  the	
  groundwater.	
  
Typical	
  inflows	
  range	
  from	
  2,000	
  to	
  200,000L/day.	
  The	
  ABR	
  will	
  not	
  operate	
  at	
  full	
  capacity	
  for	
  several	
  months	
  
after	
  installation	
  because	
  of	
  the	
  long	
  start	
  up	
  time	
  required	
  for	
  the	
  anaerobic	
  digestion	
  of	
  the	
  sludge.	
  
Therefore,	
  the	
  ABR	
  technology	
  should	
  not	
  be	
  used	
  when	
  the	
  need	
  for	
  a	
  treatment	
  system	
  is	
  immediate.	
  To	
  
help	
  the	
  ABR	
  to	
  start	
  working	
  more	
  quickly,	
  it	
  can	
  be	
  ‘seeded’,	
  i.e.	
  active	
  sludge	
  can	
  be	
  introduced	
  so	
  that	
  
active	
  bacteria	
  can	
  begin	
  working	
  and	
  multiplying	
  immediately.	
  Because	
  the	
  ABR	
  must	
  be	
  emptied	
  regularly,	
  a	
  
vacuum	
  truck	
  should	
  be	
  able	
  to	
  access	
  the	
  location.	
  
	
  
Health	
  Aspects/Acceptance.	
  Although	
  the	
  removal	
  of	
  pathogens	
  is	
  not	
  high,	
  the	
  ABR	
  is	
  contained	
  so	
  users	
  do	
  
not	
  come	
  in	
  contact	
  with	
  any	
  of	
  the	
  waste-­‐	
  water	
  or	
  disease	
  causing	
  pathogens.	
  Effluent	
  and	
  sludge	
  must	
  be	
  
handled	
  with	
  care	
  as	
  they	
  contain	
  high	
  levels	
  of	
  pathogenic	
  organisms.	
  To	
  prevent	
  the	
  release	
  of	
  potentially	
  
harmful	
  gases,	
  the	
  tank	
  should	
  be	
  vented.	
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Maintenance.	
  ABR	
  tanks	
  should	
  be	
  checked	
  to	
  ensure	
  that	
  they	
  are	
  watertight	
  and	
  the	
  levels	
  of	
  the	
  scum	
  and	
  
sludge	
  should	
  be	
  monitored	
  to	
  ensure	
  that	
  the	
  tank	
  is	
  functioning	
  well.	
  Because	
  of	
  the	
  delicate	
  ecology,	
  care	
  
should	
  be	
  taken	
  not	
  to	
  discharge	
  harsh	
  chemicals	
  into	
  the	
  ABR.	
  The	
  sludge	
  should	
  be	
  removed	
  using	
  a	
  vacuum	
  	
  
truck	
  to	
  ensure	
  proper	
  functioning	
  of	
  the	
  ABR.	
  

	
  

	
  
	
  

Table 10-4: Advantages and disadvantages ABR  

Advantages	
   Disadvantages	
  

• Extremely	
  stable	
  to	
  hydraulic	
  shock	
  loads	
  	
  
• High	
  treatment	
  performance	
  (for	
  all,	
  grey-­‐,	
  black-­‐	
  

and	
  industrial	
  wastewater)	
  	
  
• Simple	
  to	
  construct	
  and	
  operate	
  	
  
• No	
  electrical	
  requirements	
  (only	
  physical	
  mixing)	
  
• Construction	
  material	
  locally	
  available	
  	
  
• Low	
  capital	
  and	
  operating	
  costs,	
  depending	
  on	
  

economy	
  of	
  scale,	
  	
  
• Ability	
  to	
  partially	
  separate	
  between	
  the	
  various	
  

phases	
  of	
  anaerobic	
  catabolism	
  	
  
• Low	
  sludge	
  generation,	
  
• Reduced	
  clogging	
  	
  

• Needs	
  expert	
  design	
  Long	
  start-­‐up	
  phase	
  	
  
• Needs	
  strategy	
  for	
  faecal	
  sludge	
  management	
  

(effluent	
  quality	
  rapidly	
  deteriorates	
  if	
  sludge	
  is	
  
not	
  removed	
  regularly)	
  	
  

• Effluent	
  requires	
  secondary	
  treatment	
  and/or	
  
appropriate	
  discharge	
  	
  

• Needs	
  water	
  to	
  flush	
  
• Clear	
  design	
  guidelines	
  are	
  not	
  available	
  yet	
  Low	
  

reduction	
  of	
  pathogens	
  	
  
• Requires	
  expert	
  design	
  and	
  construction	
  

Costs Generally low-cost; depending on availability of materials and economy of scale.

Self-help
Compatibility

Requires expert design, but can be constructed with locally available material.

O&M
Should be checked for water tightness, scum and sludge levels regularly; Sludge needs to be
dug out and discharged properly (e.g. in composting or drying bed); needs to be vented.

Reliability High resistance to shock loading and changing temperature, pH or chemical composition of
the influent; requires no energy.

Main strengths Strong resistance; built from local material; biogas can be recovered.

Main weakness Long start-up phase.

Applicability
ABRs can be installed in every type of climate, although the efficiency will be affected in colder climates (TILLEY et
al. 2008).
ABRs are suited for the household level or for a small neighbourhood as DEWATS (preferably with a transport system
such as a simplified sewer or a solids-free sewer system in place). Up to several hundreds of m3/day can be
treated. However, a good community organisation is required to ensure that the ABR is used and maintained
properly. The effluent is not fully treated and must be disposed of properly or sent to secondary treatment
(EAWAG/SANDEC 2008).
ABRs in DEWATS are also suited for industrial wastewaters.
Since the tank is installed underground, ABRs may also be appropriate for areas where land is limited. However, it
should not be installed in areas with a high groundwater table or prone to flooding as infiltration will affect the
treatment efficiency and contaminate the groundwater (TILLEY et al. 2008).
BORDA has developed pre-fabricated ABRs made out of fibreglass and including anaerobic filters as a final step for
emergency sanitation (BORDA 2009). Even though start-up of the ABR takes several months, these pre-fabricated
models are rapidly constructed and can consist in a long-term solution once the start-up phase is completed.
Therefore, such pre-fabricated models might also find more and more application for other than emergency
situations.
Fibreglass is available and affordable in nearly all parts of the world and fibreglass constructions can be built
quickly and well in advance of need (BORDA 2009). However, one should keep in mind, that the start-up of ABR
generally requires at least three month.
 

Advantages
Extremely stable to hydraulic shock loads
High treatment performance (for all, grey-, black- and industrial wastewater)
Simple to construct and operate
No electrical requirements (only physical mixing)
Construction material locally available
Low capital and operating costs, depending on economy of scale, Ability to partially separate between
the various phases of anaerobic catabolism
Low sludge generation,Reduced clogging
Biogas can be recovered,Low HRT, long biomass retention time

Disadvantages
Needs expert design
Long start-up phase
Needs strategy for faecal sludge management (effluent quality rapidly deteriorates if sludge is not
removed regularly)
Effluent requires secondary treatment and/or appropriate discharge
Needs water to flush

Figure 4: Flow-chart of a DEWATS wastewater management plant. Source: N. Zimmermann in SUSANA (2010)
 

Figure 5: Construction of different toilet blocks connected to two pre-fabricated fibreglass reactor comprising a settling chamber, an
aerobic baffled reactor and a final anaerobic filter unit. Source: BORDA (2009)

Though pathogen removal is not significant, the system is confined and users do not come in contact with any of the
wastewater or disease-causing pathogens (EAWAG/SANDEC 2008). Whenever effluents or sludge needs to be
handled, care should be taken to avoid the contact with the pathogenic anaerobic sludge.
In general, the quality of ABR effluents has been shown to consistently meet guidelines for irrigation regarding the
removal of organics (e.g. COD or BOD) for reuse in agriculture, but not for discharge to surface water (FOXON et al.
204). The effluents do also contain high amounts of nutrients, ammonia and phosphorus and these nutrients may be
regarded as a resource from an agricultural point of view (FOXON et al. 2004). The problem is though, that
pathogen removal is generally not satisfactory for the reuse in agriculture and when, only very restricted reuse is
recommended.

At a Glance

Working Principle

Vertical baffles in the tank force the pre-settled wastewater to flow under and over the
baffles guaranteeing contact between wastewater and resident sludge and allowing an
enhanced anaerobic digestion of suspended and dissolved solids; at least 1 sedimentation
chamber and 2–5 up-flow chambers.

Capacity/Adequacy

Community (and household) level; For pre-settled domestic or (high-strength) industrial
wastewater of narrow COD/BOD ration. Typically integrated in DEWATS systems; Not
adapted for areas with high ground-water table or prone to flooding.

Performance
70- 95% BOD; 80% - 90% TSS; Low pathogen reduction.
HRT: 1 to 3 days

Table 10-3: ABR at a glance	
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Advantages	
   Disadvantages	
  

• Biogas	
  can	
  be	
  recovered,	
  
• Low	
  HRT,	
  long	
  biomass	
  retention	
  time	
  

	
  
Further	
  reading:	
  
• Appendix	
  2-­‐4:	
  WASTE	
  DST	
  Treatment	
  
• Appendix	
  3-­‐14:	
  SSWM	
  ABR	
  

Figure 10-7: Dimensions 25 m3/day ABR (Sasse, 1998) 
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Fig. 27.
Baffled Septic Tank. Dimensions have been calculated for 25 m3 domestic wastewater per day.

As already mentioned, the wastewater that
enters a tank should as much as possible
be distributed over the entire floor area.
This is taken care of by relatively short com-
partments (length < 50% to 60% of the
height). In case, distance between down
pipes should not exceed 75 cm. For larger

plants, when longer compartments are re-
quired, the outlets of down pipes (as well
as down shafts) should reach out to the
centre of the floor area.
The final outlet as well as the outlets of
each tank should be placed slightly below
surface in order to retain any possible scum.
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Figure 10-8: Spreadsheet 25 m3/day ABR (Sasse, 1998) 
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A  B  C  D  E  F  G  H  I J  K  L
1  General spread scheet for anaerobic filter (AF) with integrated septic tank (ST)

2
daily 
waste 

water flow

time of 
most 
waste 

water flow

max. peak 
flow per 

hour

COD 
inflow

BOD5 

inflow
SSsettl. / 

COD ratio

lowest 
digester 
temper.

HRT in 
septic 
tank

de-
sludging 
interval

COD 
removal 
septic 
tank

BOD5 

removal 
septic 
tank

BOD / 
COD 

remov. 
factor

3  given given calcul. given given given given chosen  chosen  calcul. calcul. calc.
4  m!/day h m!/h mg/l mg/l mg/l / mg/l °C h months % % ratio
5  25,00  12  2,08 633  333  0,42  25  2  36  25% 26% 1,06
6  COD/BOD 5 -> 1,90 0,35-0,45 (domestic) 2h
7  treatment data

8

COD 
inflow in 

AF

BOD5 

inflow into  
AF

specific 
surface of 

filter 
medium

voids in 
filter mass

HRT 
inside AF 
reactor

factors to calculate COD removal rate of 
anaerobic filter

COD 
removal 
rate (AF 

only)

COD 
outflow of 

AF

COD rem 
rate of 
total 

system
9  calcul. calcul. given given chosen  calculated according to graphs calcul. calcul. calcul.

10  mg/l mg/l m"/m!  % h f-temp f -strenght f-surface f-HRT % mg/l %
11  478 247 100  35%  30  1,00 0,91 1,00 69% 70% 142 78%
12  80 -120 30-45 24 - 48 h
13  dimensions of septic tank

14

BOD / 
COD rem. 

factor

BOD5 rem 
rate of 
total 

system

BOD5 

outflow of 
AF

inner 
width of 
septic 
tank

minimum 
water 

depth at 
inlet point

inner length of first 
chamber

length of second 
chamber

sludge 
accum.

Volume 
incl. 

sludge

actual 
volume of 

septic 
tank

15  calc. calcul. calcul. chosen chosen calcul. chosen calcul. chosen  calc. requir.  calcul.
16  ratio % mg/l m m m m m m l/kg BOD m!  m!
17  1,10 85% 49 1,75 2,25 1,69 1,70 0,85 0,85 0,00 10,00 10,04
18  sludge l/g BODrem.
19  dimension of anaerobic filter  biogas production  check !

20

volume of 
filter tanks

depth of 
filter tanks 

length of 
each tank

number of 
filter tanks

width of 
filter tanks

space 
below 

perforated 
slabs

filter 
height 
(top 40 

cm below 
water 
level)

out of 
septic 
tank

out of 
anaerobic 

filter
total

org.load 
on filter 
volume 
COD

maximum 
up-flow 
velocity 
inside 

filter voids

21  calcul. chosen  calcul. chosen  requir.  chosen  calcul. assump: 70%CH4; 50% dissolved calcul. calcul.
22  m!  m m No. m m m m!/d m!/d m!/d kg/m!*d m/h
23  31,25 2,25  2,25 3  2,69 0,60  1,20 0,97 2,10 3,07 1,57 0,98
24  max!!  <4,5 < 2,0

Tab. 25.
Spread sheet for calculation of anaerobic filter dimensions

Formulas of spread sheet „anaerobic filter“

C5=A5/B5

J5=F5/0,6*IF(H5<1;H5*0,3;IF(H5<3;(H5-1)*0,1/
2+0,3;IF(H5<30;(H5-3)*0,15/27+0,4;0,55)))
The formula relates to Fig. 68. The number
0,6 is a factor found by experience.

K5=L5*J5

L5=IF(J5<0,5;1,06;IF(J5<0,75;(J5-0,5)*0,065/
0,25+1,06;IF(J5<0,85;1,125-(J5-0,75)*0,1/
0,1;1,025)))
The formula relates to Fig. 65.

D6=D5/E5
A11=D5*(1-J5)

B11=E5*(1-K5)

F11=IF(G5<20;(G5-10)*0,39/
20+0,47;IF(G5<25;(G5-20)*0,14/
5+0,86;IF(G5<30;(G5-25)*0,08/5+1;1,1)))
The formula relates to Fig. 72.

G11=IF(A11<2000;A11*0,17/
2000+0,87;IF(A11<3000;(A11-2000)*0,02/
1000+1,04;1,06))
The formula relates to Fig. 73.

13 COMPUTER SPREAD SHEETS
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11. Septage management: Sludge drying 

Given	
  the	
  fact	
  that	
  at	
  the	
  moment	
  sludge	
  is	
  disposed	
  of	
  often	
  in	
  an	
  unregulated	
  manner,	
  a	
  
recommended	
  short-­‐term	
  action	
  is	
  to	
  dry	
  it	
  at	
  sludge	
  drying	
  beds.	
  An	
  Unplanted	
  Drying	
  Bed	
  is	
  a	
  
simple,	
  permeable	
  bed	
  that,	
  when	
  loaded	
  with	
  sludge,	
  collects	
  percolated	
  leachate	
  and	
  allows	
  
the	
  sludge	
  to	
  dry	
  by	
  evaporation.	
  See	
  Figure	
  11-­‐1.	
  Approximately	
  50	
  %	
  to	
  80	
  %	
  of	
  the	
  sludge	
  
volume	
  drains	
  off	
  as	
  liquid.	
  The	
  sludge	
  however,	
  is	
  not	
  stabilized	
  or	
  treated	
  and	
  should	
  be	
  

stored	
  for	
  2	
  years	
  to	
  assure	
  die-­‐off	
  of	
  pathogens	
  (see	
  section	
  4.3).	
  Alternatively	
  it	
  could	
  be	
  transported	
  to	
  
Sewage	
  Treatment	
  Plants.	
  	
  
	
  

Figure 11-1: Sludge drying bed (Tilley, 2008) 

	
  
	
  
The	
  bottom	
  of	
  the	
  drying	
  bed	
  is	
  lined	
  with	
  perforated	
  pipes	
  that	
  drain	
  away	
  the	
  leachate.	
  On	
  top	
  of	
  the	
  pipes	
  
are	
  layers	
  of	
  sand	
  and	
  gravel	
  that	
  support	
  the	
  sludge	
  and	
  allow	
  the	
  liquid	
  to	
  infiltrate	
  and	
  collect	
  in	
  the	
  pipe.	
  
The	
  sludge	
  should	
  be	
  loaded	
  to	
  approximately	
  200kg	
  TS/m2	
  and	
  it	
  should	
  not	
  be	
  applied	
  in	
  layers	
  that	
  are	
  too	
  
thick	
  (maximum	
  20cm),	
  or	
  the	
  sludge	
  will	
  not	
  dry	
  effectively.	
  The	
  final	
  moisture	
  content	
  after	
  10	
  to	
  15	
  days	
  of	
  
drying	
  should	
  be	
  approximately	
  60%.	
  A	
  splash	
  plate	
  should	
  be	
  used	
  to	
  prevent	
  erosion	
  of	
  the	
  sand	
  layer	
  and	
  to	
  
allow	
  the	
  even	
  distribution	
  of	
  the	
  sludge.	
  When	
  the	
  sludge	
  is	
  dried,	
  it	
  must	
  be	
  separated	
  from	
  the	
  sand	
  layer	
  
and	
  disposed	
  of.	
  The	
  effluent	
  that	
  is	
  collected	
  in	
  the	
  drainage	
  pipes	
  must	
  also	
  be	
  treated	
  properly.	
  The	
  top	
  
sand	
  layer	
  should	
  be	
  25	
  to	
  30cm	
  thick	
  as	
  some	
  sand	
  will	
  be	
  lost	
  each	
  time	
  the	
  sludge	
  is	
  manually	
  removed.	
  
	
  
Adequacy.	
  Sludge	
  drying	
  is	
  an	
  effective	
  way	
  of	
  decreasing	
  the	
  volume	
  of	
  sludge,	
  which	
  is	
  especially	
  important	
  
when	
  it	
  requires	
  transportation	
  elsewhere	
  for	
  direct	
  use,	
  Co-­‐Composting,	
  or	
  disposal.	
  The	
  technology	
  is	
  not	
  
effective	
  at	
  stabilizing	
  the	
  organic	
  fraction	
  or	
  decreasing	
  the	
  pathogenic	
  content.	
  Sludge	
  drying	
  beds	
  are	
  
appropriate	
  for	
  small	
  to	
  medium	
  communities	
  with	
  populations	
  up	
  to	
  100,000	
  people	
  and	
  there	
  is	
  inexpensive,	
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Shared
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!! !!

Inputs: Faecal Sludge

Outputs: Faecal Sludge Effluent

An Unplanted Drying Bed is a simple, permeable bed
that, when loaded with sludge, collects percolated
leachate and allows the sludge to dry by evaporation.
Approximately 50% to 80% of the sludge volume
drains off as liquid. The sludge however, is not stabi-
lized or treated.

The bottom of the drying bed is lined with perforated
pipes that drain away the leachate. On top of the pipes
are layers of sand and gravel that support the sludge
and allow the liquid to infiltrate and collect in the pipe.
The sludge should be loaded to approximately 200kg
TS/m2 and it should not be applied in layers that are too
thick (maximum 20cm), or the sludge will not dry effec-
tively. The final moisture content after 10 to 15 days of
drying should be approximately 60%. A splash plate
should be used to prevent erosion of the sand layer and
to allow the even distribution of the sludge.
When the sludge is dried, it must be separated from
the sand layer and disposed of. The effluent that is col-
lected in the drainage pipes must also be treated prop-
erly. The top sand layer should be 25 to 30cm thick as
some sand will be lost each time the sludge is manual-
ly removed.

Adequacy Sludge drying is an effective way of
decreasing the volume of sludge, which is especially
important when it requires transportation elsewhere for
direct use, Co-Composting (T14), or disposal. The tech-
nology is not effective at stabilizing the organic fraction
or decreasing the pathogenic content.
Sludge drying beds are appropriate for small to medium
communities with populations up to 100,000 people
and there is inexpensive, available space that is far from
homes and businesses. It is best suited to rural and peri-
urban areas. If it is designed to service urban areas, it
should be on the edge of the community.
The sludge is not hygienized and requires further treat-
ment before disposal. Ideally this technology should be
coupled with a Co-Composting (T14) facility to generate
a hygienic product.
Trained staff for operation and maintenance is required
to ensure proper functioning.
This is a low-cost option that can be installed in most
hot and temperate climates. Excessive rain may prevent
the sludge from properly settling and thickening.
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available	
  space	
  that	
  is	
  far	
  from	
  homes	
  and	
  businesses.	
  It	
  is	
  best	
  suited	
  to	
  rural	
  and	
  peri-­‐	
  urban	
  areas.	
  If	
  it	
  is	
  
designed	
  to	
  service	
  urban	
  areas,	
  it	
  should	
  be	
  on	
  the	
  edge	
  of	
  the	
  community.	
  The	
  sludge	
  is	
  not	
  sanitised	
  and	
  
requires	
  further	
  treatment	
  before	
  disposal.	
  Ideally	
  this	
  technology	
  should	
  be	
  coupled	
  with	
  a	
  Co-­‐Composting	
  
facility	
  to	
  generate	
  a	
  hygienic	
  product.	
  Trained	
  staff	
  for	
  operation	
  and	
  maintenance	
  is	
  required	
  to	
  ensure	
  
proper	
  functioning.	
  
	
  

Figure 11-2: Main Features Sludge drying 

	
  
	
  
Health	
  Aspects/Acceptance	
  The	
  incoming	
  sludge	
  is	
  pathogenic,	
  so	
  workers	
  should	
  be	
  equipped	
  with	
  proper	
  
protection	
  (boots,	
  gloves,	
  and	
  clothing).	
  The	
  thickened	
  sludge	
  is	
  also	
  infectious,	
  although	
  it	
  is	
  easier	
  to	
  handle	
  
and	
  less	
  prone	
  to	
  splashing	
  and	
  spraying.	
  The	
  pond	
  may	
  cause	
  a	
  nuisance	
  for	
  nearby	
  residents	
  due	
  to	
  bad	
  
odours	
  and	
  the	
  presence	
  of	
  flies.	
  Therefore,	
  the	
  pond	
  should	
  be	
  located	
  sufficiently	
  away	
  from	
  urban	
  centres.	
  
	
  
Maintenance	
  The	
  Unplanted	
  Drying	
  Bed	
  should	
  be	
  designed	
  with	
  maintenance	
  in	
  mind;	
  access	
  for	
  humans	
  and	
  
trucks	
  to	
  pump	
  in	
  the	
  sludge	
  and	
  remove	
  the	
  dried	
  sludge	
  should	
  be	
  taken	
  into	
  consideration.	
  
Dried	
  sludge	
  must	
  be	
  removed	
  every	
  10	
  to	
  15	
  days.	
  The	
  discharge	
  area	
  must	
  be	
  kept	
  clean	
  and	
  the	
  effluent	
  
drains	
  should	
  be	
  flushed	
  regularly.	
  Sand	
  must	
  be	
  replaced	
  when	
  the	
  layer	
  gets	
  thin.	
  
	
  

Sandec Training Tool 24

Unplanted drying bed

Sludge application depth: ~25-30 cm

TS loading: ~100-200 kg TS/m2*a

Percolate quantity: ~50-80% of FS volume

Drying period to attain 40% solids 
content: ~8-12 days (dry weather)

Both, percolate and biosolid need further treatment !

Systems & Technologies

Land requirement: ~ 0.05 m2/cap (assuming a 10-day cycle)
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Table 11-1: Sludge drying at a glance 

	
  

 

 

Table 11-2: Advantages and disadvantages Sludge Drying  

Advantages	
   Disadvantages	
  

• Dried	
  sludge	
  can	
  be	
  used	
  as	
  fertiliser	
  (either	
  
directly	
  in	
  the	
  case	
  of	
  planted	
  beds	
  or	
  after	
  
composting	
  in	
  the	
  case	
  of	
  unplanted	
  beds)	
  	
  

• Easy	
  to	
  operate	
  (no	
  experts,	
  but	
  trained	
  
community	
  required)	
  	
  

• High	
  reduction	
  of	
  sludge	
  volume	
  
• Can	
  achieve	
  pathogen	
  removal	
  	
  
• Can	
  be	
  built	
  with	
  locally	
  available	
  materials	
  

• Requires	
  large	
  land	
  area	
  	
  
• Requires	
  treatment	
  of	
  percolate	
  	
  
• Only	
  applicable	
  during	
  dry	
  seasons	
  or	
  needs	
  a	
  

roof	
  and	
  contour	
  bund	
  	
  
• Manual	
  labour	
  or	
  specialised	
  equipment	
  is	
  

required	
  to	
  remove	
  dried	
  sludge	
  from	
  beds	
  	
  
• Can	
  cause	
  odour	
  problems	
  

	
  
Further	
  reading:	
  
• Appendix	
  2-­‐5:	
  WASTE	
  DST	
  Treatment	
  
• Appendix	
  3-­‐15:	
  SSWM	
  Sludge	
  drying	
  
	
  
	
  

	
   	
  

(gravel/sand) is locally available (SANIMAS 2005). However, the pond may needs to be made impermeable and
expert skills are required for design. Operation costs are low as no energy or complicated equipment is required.
However, desludging, particular for unplanted beds is laborious.

Operation and Maintenance

Operation and maintenance includes application of sludge, desludging, control of drainage system and the control
of the secondary treatments for percolate or dried sludge. Even though experts are not compulsory for the
operation and maintenance, a well-organized community group, which has experience in organic fertiliser use and
preparation is required (SANIMAS 2005).

Health Aspects

Fresh sludge is generally highly pathogenic and should be handled with care. Also a certain distance to the installed
beds (especially when sludge has been recently applied) should be respected. Percolates from sludge drying beds
contain also pathogens and need to be further treated.
Sludge from unplanted beds should be composted before reuse to enhance pathogen removal.
Dried sludge from planted drying beds (if there was no fresh application of sludge during the past 1 to 2 years) is
generally free from pathogens and can be used directly (STRAUSS et al. 1997).

At a Glance

Working Principle

Drying beds are simple sealed shallow ponds filled with several drainage layers. Sludge is
applied on the top and dried by percolation and evaporation. In planted drying beds, the
plants maintain the porosity of the soil and enhance the evaporation by transpiration
(evaporation). Dried sludge can be used as biosolid in agriculture.

Capacity/Adequacy
Requires large land-surfaces and can cause odour; therefore generally installed in rural
areas.

Performance
Depends strongly on the local climate (rain, runoff); TS content of 20 to 70 % can be
achieved. Some of NH4 is lost to air. Pathogen removal is moderate for unplanted beds with
short retention time, but high for planted drying beds with long retention times.

Costs Moderate investment costs and low operation costs

Self-help
Compatibility

Can be produced with locally available material, but requires expert design. Operation is
simple but staff/community should be trained.

O&M
Application of sludge, desludging, control of drainage system and of the secondary
treatment for percolate or dried sludge. Desludging for unplanted beds every one to several
weeks and every 5 to 10 years for planted drying beds.

Reliability High, if the area is kept dry (rain, runoff).

Main strength Low-tech and no requirement of energy.

Main weakness Requires space; odour can occur; (and frequent desludging in the case of unplanted beds).

Applicability
Sludge drying beds are a secondary treatment for all kinds of sludge, including faecal sludge from on-site sanitation
systems, anaerobic digesters at community or large-scale level. But large surface areas are required and odour is
frequent. Therefore, they should be constructed far away from housings.
The method is simple but requires professional design and informed manpower for the operation.
Drying beds are not adapted for regions with heavy rainfalls and frequent flooding or where the water table is high.
In any case, the ponds should be sealed to prevent infiltration of the pathogen containing percolate and a counter
bund can prevent run-off to flow in.
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