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Drink water

Sanitation

WastewaterWastewater
management
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Research wastewater 
management?
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Applicability of theApplicability of the 
Waterharmonica concept in 

Suriname
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Untill so far the workshop
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And next
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Waterharmonica concept

Situation

Problem definition(s)
Shortage

Desired situation

Possible solutions

Enough

16



27-9-2010

9

17

Bron: gebaseerd op R. Kampf, gebaseerd op Hynes 1960, The biology of polluted waters

Social

Technical

EconomicalEconomical
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The orphanage Leliendaal
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Water infrastructure

• Salinity of the surface and 
groundwater

• Rainwater discharge

• Groundwater table

• Moisture content in the soil

24
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Conflicting interest
For opening
• Discharge excess 

waterwater
• Low groundwater 

table during rain 
season

Against openingg p g
• Surface water level 

for boat
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Water sources
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Fresh water storage capaciteit

Water storage capacity of the orphanage Leliendaal

f d k k l
Situated nearest to

amount of durotanks per 
type

concrete tank 
(US gallon)

volume Us 
gallon

450 800 1000

girls building 0 5 8 12000

boys building 0 0 17 17000

kitchen/laundry place 3 0 0 1350

home Diran 0 0 7 7000

3000 3000

3000 3000

Total capacity US gallon 43350

Total capacity m3 164.098

31

Treatment and discharge

32

Bron: gebaseerd op Sanex, Thomas Loetscher
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Daily water use per capita, total 165.5 liters

Cooking, 4.0

Drinking, 5

Washing of floor, 
3.5

Washing of 
untensils, 0.5

Flushing of toilet, 
40

Washing of the 
hands, 4.5

Bathing, 90

hands, 4.5

Washing of clothes, 
18

Bathing Washing of clothes Washing of the hands Flushing of toilet

Washing of floor Washing of untensils Cooking Drinking
35

Daily water use per capita, percentage

Washing of 
untensils

0%

Washing of floor
2%

Drinking
3%

Cooking
2%

Bathing
55%

Washing of clothes

Washing of the 
hands

3%

Flushing of toilet
24%

Washing of clothes
11%

Bathing Washing of clothes Washing of the hands Flushing of toilet

Washing of floor Washing of untensils Cooking Drinking
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Zwart en grijs water

Blackwater 45.00

Blackwater l/cap/d

G l/ /d

Zwart en grijs water

Blackwater  27%

Blackwater l/cap/d

G t l/ /d

Greywater 120.0

Greywater l/cap/d

Greywater
73%

Greywater l/cap/d

37

So what do we know now?

38
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Toilets Baden

164 m3 rain water  harvesting + storage

Kindertehuis Leliendaal: waterhuishouding

Water supply

Keuken

(4.33 tot) 11.36 m3/day

Kleding wassen

0.35 m3/d 1.45 m3/d
3.60 m3/d 7.54 m3/dTotaal 12.94  m3/d

Bron: Gebaseerd op een figuur van Ruud Kampf: Borstal Institute Project

39

Financial situation

Fixed income 8000 SRD

Variabel income ? SRD of middelen

Required 12000 SRD

40
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Economic scenarios

1 Total storage capacity + supplied water
Exlusief increasing need of supplied water during dryExlusief increasing need of supplied water during dry 

season

2 Total storage capacity + supplied water
Inclusief increasing need for supplied water during dry 

season

3 Only use of supplied water

41

Commercialisation: SWM

Costs potable water supplied by SWM

Monthly required 
supplied 
water, m3

Rate group 42, 
monthly 
water use, 

m3

Social and 
public 
tabs, 

SRD/m3*

Monthly water 
supply costs, 

SRD
Yearly water supply 

costs, SRD

scenario 1 232 26 ‐ 300 2.75 638 7657

scenario 2 232 ‐ 396 3.04 638 ‐ 1287 7657 ‐15449

scenario 3 396 > 300 3.25 1287 15449
42
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Untill so far the situation

But what is the problem?

43

Quantitatif problem

Normaal use: 92 m3/weekNormaal use: 92 m3/week

Storage capacity: 164 m3

Supplied water per week: 30 m3/weekSupplied water per week: 30 m3/week

18 rainless days
44
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Increase in dependence on 
unreliable water supply by 
NR.

Decrease in amount of 
water available for 
domestic use

Less water for bathing 
and washing

Obligated to order and pay 
for water, supplied by a 
tank-car

Flushing toilets with 
buckets filled with 
brackish water

After a rainless period of 18 days the fresh 
water storage capacity in combination with 
the supply of potable water is insufficient to 
meet the daily water needs of the orphanage 

Leliendaal

Too small fresh 
water storage 
capacity

High water 
use

Western water 
requiring sanitation 
system

Fresh water is 
used for all 
domestic uses

Uneven rainfall 
distribution during 
the year

No other suitable fresh 
water sources than rain 
and water supply by NR

Lack of 
resources

Valuable fresh 
wastewater 
disposal

Lack of 
knowledge and 
awareness

3 daily 
bathing 45

Qualitatif problem

Discharge septic tank effluent and 
untreated grey wastewater.

Waste is perceived as worthless.

46
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So again to be clear
Quantitatif

• After a rainless period of 18 days the fresh water storage capacity in 
combination with the supply of potable water is insufficient to meet 

the daily water needs of the orphanage Leliendaal

Qualitatief

The discharge of insufficiently treated wastewater causing risk for 
human and environment AND valueble loss of nutrients and freshhuman and environment AND valueble loss of nutrients and fresh 

water.

AND

In future supplied water will be charged.

47

What do they want?

A t th f t f thA way to use the surface water for the 
flushing of the toilets. So there would be 
sufficient water during dry periods, and 
‘water stress’ would not occur.

I h h i lf h i iImportant: the orphanage itself has no opportunity to invest, so 
financial resources should be found elsewhere.

48
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Self-
sufficiency

Practicing 
normal daily 
activities

Enough water 
for bathing and 
washing

Proper 
environment 
for children

Decrease in 
surface water 
pollution

No harm is 
done to the 
environment

Decrease in 
dependence on 
water supply

Beneficial 
activities

Potential for 
utilizing 
wastewater

Sufficient fresh water to meet the daily water 
needs of the orphanage Leliendaal 

throughout the year

Expansion of the 
fresh water 
storage capacity

Optimize 
water use

Use of shampoo 
and soap without 
running tap water

Knowledge and 
awareness 
raising 

Treatment of fresh effluent water 
septic tanks and duplicated 
distribution network

No disposal of 
untreated fresh 
wastewater 

1 of 3 times 
bathing with a 
bucket

Reuse of treated fresh 
wastewater for toilets 
(agriculture, aquaculture)

Urinals in the 
boys building

49
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Where can we do something?

51

Possible steps

1 Water use

2 Expansion of the storage capacity

Required expansion of the fresh water 
storage capacity (m3) per period of 

drought (weeks)

600

800

1000

1200

Current2 Expansion of the storage capacity

3 Reuse after treatment: flushing of the toilet

4 Flower production

-200

0

200

400

600

0 5 10 15 20

weeks

m
3 Extra

Total

5 Water infrastructure

6 Other reuse: crop cultivation, aquaculture

52
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Step 1 Water use

Technical level:

?Terms of use: ?
53

EDUCATIONEDUCATION

MORE LESS

54
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1 out of 3 times bathing with a bucket

Costs potable water supplied by SWM
1/3 maal 

emmer

Monthly 
required 
supplied 
water, 
m3

Rate group 
42, 

month
ly 

water 
use, 
m3

Social and 
public 
tabs, 
SRD/
m3*

Monthly water 
supply 
costs, 
SRD

Yearly water 
supply costs, 

SRD

Monthly costs 
saved 
by 
bucket 
use, 
SRD

Yearly costs saved by 
bucket use, SRD

scenario 1 232 26 ‐ 300 2.75 638 7657
132 1584

scenario 2 232 ‐ 396 3.04 638 ‐ 1287 7657 ‐15449
146 1584 ‐ 1872146 1584  1872

scenario 3 396 > 300 3.25 1287 15449
156 1872

Depends on what their own idea is 
on what is good (hygienic) 55

3 urinals
Costs potable water supplied by SWM

Monthly 
required 
supplied 
water, 
m3

Rate group 
42, 
monthl
y water 
use, 
m3

Social and 
public 
tabs, 
SRD/m
3*

Monthly water 
supply 
costs, 
SRD

Yearly water supply 
costs, SRD

Monthly 
costs 
saved 
by 
urinals, 
SRD

Yearly costs 
saved by 
urinals, 
SRD

scenario 1 232 26 ‐ 300 2.75 638 7657 34 404

scenario 2 232 ‐ 396 3.04 638 ‐ 1287 7657 ‐15449 34 ‐ 61 404 ‐ 736

scenario 3 396 > 300 3.25 1287 15449 61 736

Depending on the economic scenario: 1 to 2 year to 
earn back, after that it’s costs reducing 56
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Advantages

• Change is free of charge or within max 2 year earned 
back

D t bi ti f 1 ti b k t d i l th• Due to a combination of 1 time a bucket and urinals the 
orphanage can save 66.9 m3 fresh water each month. 
With that amount one week of drought can be bridged. 
BUT…

Disadvantage

• Storage capacity to small to make use of saved fresh 
water

• Change of habits

• Still insufficient treated wastewater is disposed 57

Step 2 Expansion of the storage 
capacity

19 x as much could be stored

58
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Required expansion of the fresh water 
storage capacity (m3) per period of 

drought (weeks)

400

600

800

1000

1200

m
3

Current

Extra

-200

0

200

400

0 5 10 15 20

weeks

Total

59
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Costs(SRD)  for different expansions of the fresh water storage capacity (m3)

Expansion of 82 m3 Expansion of 288 m3

Surmount dry period 4 weeks 7 weeks

Durotanks, SRD 16956 54376

Total surface m2 50 162

Value of clay, SRD ‐ ‐

Concrete tank, SRD 11676 34245

Size (length x width x depth) m 4 x 7 x 3 10 x 10 x 3

Value of clay, SRD 1400 5000

62
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Advantage

• Expansion storage capacity causes 
increase in the surmount dry periodsincrease in the surmount dry periods

• Known solution: works in practice 

Disadvantage

• The longer the dry period the higher the• The longer the dry period, the higher the 
costs and the required surface

• Still insufficient treated wastewater is 
disposed

63

How long are the rainless periods which 
the people want to bridge, and thus 

which amount of water does one want 
to store?

64
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Step 3 Reuse after treatment in 
constructed wetland: flushing of the 

toilet 

65

66Bron: WSP 2008
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Operation and maintenance
• Septic tank and grease trap maintenance

• 1 well skilled manager

• Clearing pipes and distribution boxes

Wetland

• Flow measurement

• Removal sediment influent distributionpipe

H i i d k• Harvesting, cutting and rake

• Removal of clogged medium

• Check submergeable pumps
bron foto’s: Proyecto Astec, 2005.

bron: WSP 2008
68
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Construction costs
Kosten subsurfaceflow horizontal wetland van 244 m2 (incl. dijken is 393 m2)

Systeem onderdeel Kosten SRDSysteem onderdeel Kosten, SRD

Ophoging en dijken 14201

Ondoorlatende laag:

‐ beton 51209

‐ plastic zeil 63412

‐ klei+zeil 44392

Filterbed 2070

Verdeelboxen (2) 1272

Leidingwerk 9936

Watertoren 2699

Dompelpompen (2) 460

Totale kosten SSFHCW, beton 81846

Totale kosten SSFHCW, plastic zeil 94049

Totale kosten SSFCW, klei + plastic zeil 75029
69

What does it have to offer?

Costs potable water supplied by SWM

hergebruik 
voor 
toilet

Monthly 
requi Social and requi
red 
suppl
ied 
water
, m3

Rate group 42, 
monthly 
water 
use, m3

Social and
publi
c 
tabs, 
SRD/
m3*

Monthly water 
supply 
costs, 
SRD

Yearly water 
supply 
costs, SRD

Monthly costs 
saved by 
reuse for 
toilet, SRD

Yearly costs 
saved by 
reuse for 
toilet, SRD

scenario 1 232 26 ‐ 300 2.75 638 7657

154 1851

232
scenario 2

232 ‐
396

3.04 638 ‐ 1287 7657 ‐15449
154 ‐ 311 1851 ‐ 3734

scenario 3 396 > 300 3.25 1287 15449
311 3734

Depending on the economic scenario the construction costs will be 
earned back in 22 till 44 year 70
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The implementation of a new 
system requires monitoring

Measurement and test by 
researchers

71

Advantages

• Reuse: ‘factureerbaar and non-factureerbaar’

• Natural field  esthetic value

• Saving of 22.4 m3/week

• Easy to learn O&M

• Flower production (step 4)

• Can function as an example of 
ecological engineering  Education

Disadvantages

• $

• Water quality monitoring required

• Risk of clogging

• High research content 
72
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Stap 4 Bloemetjes

Groeicycle

O&M: production

Harvesting

Make something beatifull

73
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Advantages/disadvantages?

Advantages
P i• Processing

• Workshops/cources
• Orphanage/NVB small entrepeneurship
• Sell flowers

Disadvantage
• Processing

76
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Stap 5 Water infrastructure

Damming of upper 
right area of the 
plantation 
Leliendaal:

• Dikes/dams

• ‘Klepsluis’

77

Advantages

• Less wet
• Automatic discharge• Automatic discharge
• Wetland would be cheaper

Disadvantages

• Construction costs
• Dike/dam takes space

78
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Step 6 crop cultivation and 
aquacultuur

79

Bron: R. Kampf, Borstal Institute Project Kenia
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Bron: R. Kampf, Borstal Institute Project Kenia

81

Bron: R. Kampf, Borstal Institute Project Kenia
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Reuse of the nutrients
Advantages
• Optimal reusep
• Utilize valueble fresh water and nutrients
• Self sufficiency

Disadvantages
• Water quality control is requiredWater quality control is required
• Takes time
• Change in daily activities

83
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Toilets
urinals Bathing

164 m3 rain water  harvesting + storage

The orphanage Leliendaal: (waste)watermanagement

Water supply

Kitchen

0 35 m3/d

(4.33 to) 11.36 m3/day

Laundry
0.35 m3/d

1.45 m3/d

3.6 m3/d 7.54 m3/dTotaal 12.94 m3/d

Septic tanks

Composting

Organic wastes

Flower

sieve

Grease trap

HFCW cultivation

Fish
ponds

Agriculture

Algae

Fish

Bron: Gebaseerd op een figuur van Ruud Kampf Borstal Institute project Kenia
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