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A little about me

Education: BSc & MSc Environmental
Engineering (EPFL)

Eawag / Sandec: Project Manager,
Water Supply and Treatment
(Feb. 2023 — present)

Interests: Drinking water safety in rural

communities and small towns, treatment

innovation... just WASH+SWM in general
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Motivation: Addressing inequalities in access to safe water

CLEAN WATER
AND SANITATION

FREE FROM

BASIC CONTAMINATION
SERVICE

SAFELY
MANAGED
SERVICE

AVAILABLE
WHEN ACCESSIBLE

NEEDED ON PREMISES

Uganda
Ethiopia

Sierra Leone

Lao People's
Democratic Republic

Ghana
Nigeria

Cote d'lvoire
Peru

Nepal

Accessible on premises

Available when needed
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Free from contamination
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[ Nicaragua

Morocco

Democratic People’s
Republic of Korea

Paraguay

Ecuador

3 Source: UNICEF/WHO JMP, 2019
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Learning objectives

By the end of the class, you’ll be able to:
1. Understand the objectives and structure of the Water Compendium
2. Recognize the six functional groups from source to consumer

3. Describe the advantages and drawbacks of (a selection) of water
supply technologies

4. lllustrate a system template for a ‘real world’ scenario
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Part 1

Technology overview

* Introduction to the Water Compendium

* Functional groups

« Schematic presentation

* Applicability, operation and environmental aspects

15 min break

Part 2

Water system design

« System templates

» Design tradeoffs and local applicability
* Group exercise

Discussion

gOOO



aquatic research @& 000

Part 1
Technology Overview



Learning objective 1:
Understand the objectives and
structure of the Water Compendium

Learning objective 2:
Recognize the six functional groups
from source to consumer

eawag
aquatic research 000

Compendium

of Drinking-water Systems
and Technologies

from Source to Consumer

World Health
% Organization
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How to choose an appropriate drinking water supply system?

Important considerations:

« Source water quality and quantity

« Locally available skills and
resources to operate and maintain

 Cultural preferences
« Space availability

« Source of energy

* Environmental impacts

Heital ey
il
L
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How to choose an appropriate drinking water supply system?

Source

)
.»ﬁ:}//

2
. “fl?/ b

l WATER Kio$K.
la/

B Distribution &
¥ Transport

Centralized drinking water
supply systems

gOOO
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How to choose an appropriate drinking water supply system?

5 % User safety s W= . I inki
ok W% 3’{”’2@ Decentralized drinking water
W & Il il RS Nz i) supply systems
Distribution &
Storage R\ ; ' ! A=
Al NS, - \ ™ Distribution &
3 / : N\ A o A ' O Storage
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Objectives of the Water Compendium

- Huge number of great publications on water supply

11
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Concise and well structured overview of all technological steps from source exploitation to household

water treatment and storage

The whole range of rural, peri-urban and urban technologies (focus on the low and middle income setting)

Issues of risk management and long term water safety, monitoring, financial and institutional aspects

s 7

Rain water harvesting in
the homestead

E
A
=f

S8 WATER WELLS
Y AND BOREHO

Compendium
of Drinking-water Systems
and Technologies

from Source to Consumer




Image: Maryna Peter
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User safety
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Functional groups:
Technological steps from source to consumer

Source

Rain water

Groundwater:general

Groundwater:springs

Rivers and streams

Ponds, lakes & dams

Brackish water

Seawater

Intake

Highwter vl T

= |

Lrge boiders

Abstraction

Roof water collection

Rain water catchment

Sand/subsurface
storage dam

Protected spring
intake

Protected dug well

Protected borehole

River and lake intake

Seawater intake

Energy sources

- Gravity
Human powered
Wind
Solar
Diesel
Electric

Impulse pumps
- Hydr.ram pump

Positive displacement
pumps

= Piston/plunger pump

= Suction pump

= Directaction pump

= Deep well pumps

= Progressive cavity
pump

= Diaphragm pumps

= Rope pumps

A
Velocity pumps

- Radial flow pumps
- Axial flow pumps

Treatment

- Roughing filtration

- Rapid sand filtration

- Membrane filtration

- Coagulation/
sedimentation

- Coagulation/
filtration'

microbial

= Chlorination

-uv

-Electro-chlorination

- Slow sand filtration

- Ultrafiltration

- Pasteurization
]

geogenic
- F removal

- As removal
- |

anthropogenic
+ GAC
« Nanofiltration
* Ozonation

Desalination

- Membrane
distillation
- Reverse osmosis

— )

Distribution
& Transport

User safety

Jerry cans

Water vendors
(carts & trucks)

Water kiosk

Community
distribution systerm

Large scale
distribution

Storage tanks

Safe water storage
-10-50L
-50-1000L
->1000L

- Ceramic filtration
- Membrane
filtration

Which technologies
perform each role?

Bl - sicsananitation
Technology information
sheets

* Fluoride removal
filters

* Arsenic removal
filters

eawa
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echnology information sheets

Source

Rain water

Groundwater:general

Groundwater:springs

Rivers and streams

Ponds, lakes & dams

Brackish water

Seawater

S. SOURCE

Atmosphere

Rainfall
Volcanic steam

Evapotranspiration
=4 Evaporation

§.5. Ponds, lakes and dams

To establish a water supply system, a water
resource providing sufficient quantity of water
should be Ci . water

base on groundwater or surface water resources. In Surface water sources such as rivers and streams
some areas rainwater can aleo be a safe water (S.4) or ponds, lakes and dams (S.5.) are easily
resource. Water resources usually contain dissolved accessible. Generally, surface water can be
or particulate matter and gases as a result of idered biall i d and might be
interaction with atmosphere, minerals in rocks, turbid (‘muddy’). Thus, it requires treatment before
natural erganic matier, macro- and microorganism. consumption. Groundwater (S.2. — 5.3.), the water
Anthropogenic activities further impact the quality of below the surface, is generally better protected from
these water resourc ut it does not mean it is

qualities determine t d H th i tal
and water supply syste Ba Ckg rou n I nfo | M

y it can as wel be
This section describes Water resources Which can enic microorganisms. In
be used for drinking water supply.

5.6. Brackish water, seawater

some regions it can be also affected by chemical
contamintion such as fluonde, arsenic or high
salinity as well as iron and manganese. Localizing
groundwater abstraction sites and esfimating
available groundwater guantities is a complex task
which requires drilling and pumping eguipment for
abstraction (see chapter 'Abstraction’).

5.1. Rainwater

5.2. Groundwater

5.3. Spring water

5.4. River and stream water

39 Compendium
Drrinking Water Systems and Technologies from Source to Consumer

Rainwater (5.1.) is generally used as
supplementary source of water, which often
requires storage tanks. Brackish and seawater
(5.6.), water resources with high salt contents, are
alternative water sources in water scarce areas
requiring de-salination before consumption. Usually
they are only used when other water sources are
not available or access is limited.

Water is needed to carry out activities other than
drinking or cooking and particularly in water scarce
areas communities often do not differentiate
between water for domestic and non-domestic uses.
Thus, the water supply systems in water scarce
areas or areas with extendecg
designed with multiple water
water supply systems are m
impact and avoid competition Within e commuanity.

When selecting any kind of water resource, an initial
assessment should be conducted which considers
the following factors:

*  Water quantity. is the yield sufficient during
the entire year? Can changes in water

Criteria for selection

availability and water demand be
estimated?

Water qualify: How is water quality affected
by agriculture, sanitation practices or point
contamination sources in communities?
Technology required for exploitation: Which
technologies are required for abstraction a
and treatment and are those feasible? Are
there both skills and technology available
for water resocurce exploitation? Are the
costs of water resource exploitation
affordable?

Energy: |z pumping needed or can gravity
he ueed?

1at are legal and social
the resource, are there

— «ces for certain resources?
Environmental and health risks: What ig the
impact of source exploitation on population,
environment and ecosystem in its
catchment?

eawa

aquatic research
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Technology information sheets

15

Applicable to systems: 2,3,7,8
Management level:

Community, centralized

Available in most middle income countries, otherwise imported
membrane modules

Established technology

Local availability of technology or components:

Technology maturity level:

Membrane
modules
Concentrate

Raw water
—

Feed pump  Pre-filter

Ultrafiltration is used to retain bacteria, protozoa
and most viruses as well as particles and some
organic matter. The pressure difference between
inflow (feed) and filtrate (permeate) drives the

Membranes are classified by their pore size. For the
removal of turbidity, larger pariicles, protozoa,
bacteria and part of viruses, ultrafiltration (UF)
membranes can be applied. UF membranes have
pore sizes of about 0.01-0.1 pm. All particles with a
larger diameter than the pore size are retained by the

Often UF rk are classified by

membrane cut-off values in Dalton, which is the ability
of membranes to retain certain organic polymers of a
defined size (e.g. dextrane).

The retained particles and microbes accumulate on
the membrane surface or in the membrane pores,

Dosing
pump

Cleanwater
{)= tank
=
Purified

Schematic presentation/drawing

under constant pressure. Or they lead to increase of
trar p when syst are op
using constant flow. The formation of the cake layer
and depnsrhnn of organic matter within the pores of

gaine is called membrane fouling. Therefore,

Operatlonal issues & functionality | ——

A inannenan ce ).

Most cial UF are poly
Three major types of membrane modules are used:
hollow fiber modules, spiral wound modules and flat
sheet membrane modules. In  drinking water
preduction moestly hollow fiber modules are used,
since they are most compact, low cost and have lower
energy consumption compared to other module
configurations.

Dense UF show high retention of bacteria
and protozoa (also cysts) of 99.9-99.9999% (3-6
LRV). Removal of viruses vary between LRV 1 and 5

forming a cake layer. Smaller particles and di
organic matter can p trate into the
pores and adsorb there. Both processes reduces the
flow of water through the membrane when operated
137 Compendium

ding on the pore size (cut-off).
Compared to the MF memrbanes, UF memrbanes
show the same removal of turbidity and suspended
solids, and better removal of organic matter. However,

Drinking Water Systems and Technologies from Source to Consumer

Applicability & adequacy §

creating pressure to filter water through a seres of
membrane madules placed in racks and connected in
parallel. Water 5 pumped in 3 "desd-end mode”
implying that all inlet water passes through the
membrane. "Cross-flow” systems exdst as well but are
characterzed by lower recovery and high enengy
demand values and used rarely. The systems are
designed in @ modular way and the capacity of the
system can be easily adapted to the neads.

Applicability and adequacy

Ultrafiliration is an adwanced and reliable process
suitable for the removal of microbial contaminaton.
Howewer, it requires a high degres of autornation and
process confrolis nesded to control the pumps,

el i i e D i |

than al'temanve systems and some level of Experhse

aither provided by the operator or supplier is required
for maintenance of the systems. Some gravity-driven
UF systems for applications at a small scale in
community water supplies axist on the market.

Wihen selecting a membrane system for disinfection
one should pay special attention fo virus removal. M32
{~0.02 pm) or phi X174 (~0.03 pm) as common model
wiruzses used for membrane testing (due to their small
size) should be retsined fo at least 98.0% (3 LRV
Otherwise an  addiional disinfection step ke
chlorination {T.2.1) or U\ treatment (T.2.2) is reguired.

Operation and Maintenance

Depending on guality of raw water. the membranss

might be done when imeversible fouling ocours and lhe |
systems have to be operated at higher pressure or

Health and environmental aspectsiAcceptance

Retentate disposal must be carefully considered_since

Health & environmental

aspects/ Acceptance

requIte IrSed Manpower and personal proecove
=guipment.

Advantages and disadvantages
+ effective remaoval of turbidity
providing a barmier to bacteria, profozoan cysts

+ transportabde and mobide membrane units
using smaller land area for the trestment plant in
comparison with conventional filtration systems

+ gravity-driven systems exist

- relatively high inwestment costs, considerable
operational and maintenance costs

- shilled personnel required

- continuous operafion s recommendsd to

guarantes opfimal membrane performance, therefore
relfiable ensrgy supply 5 needed

- no residual disinfectant (safe distribution and
storage must be assured othenwise)

Advantages & dlsadvantages

+ GUNSEIN  difd e UpPEIduRen  rirougn
sutomation and ability to treat water of variable quality




Functional groups:
Technological steps from source to consumer

Source

Rain water

Groundwater:general

Groundwater:springs

Rivers and streams

Ponds, lakes & dams

Brackish water

Seawater

Intake

Highwter vl T

— |

Lrge boiders

Distribution

Abstraction & Transport

Treatment

User safety

Roof water collection

Rain water catchment

Sand/subsurface
storage dam

Protected spring
intake

Protected dug well

Protected borehole

River and lake intake

Seawater intake

Energy sources )
S Gravity - goughing ftl.tratiqn
- Human powered - Rapid sand f!itratyon
SN 'Membrar?e filtration
PR T - Coa_gulatuor_\ﬂ
sedimentation
- Coagulation/
filtration

safe water storage
-10-50L
-50-1000L
->1000L

Jerry cans

Water vendors
(carts & trucks)
- Diesel
» Electric - Ceramic filtration
- Membrane
filtration

Water kiosk
microbial

Impulse pumps - Chlorination

- Hydr.ram pump -uv Community

Microbial

-Electro-chlorination distribution system

- Slow sand filtration
- Ultrafiltration
- Pasteurization

Positive displacement
pumps

How to combine/link
technologies?

Large scale
S distribution

= Piston/plunger pump

= Suction pump

= Directaction pump

- F removal
- As removal

Storage tanks - Solar disinfection

System templates

= Deep well pumps
= Progressive cavity
pump

= Diaphragm pumps

anthropogenic
= Rope pumps

- GAC
« Nanofiltration
= Ozonation

A

Velocity pumps * Fluoride removal
filters

* Arsenic removal

filters

Desalination

- Radial flow pumps
- Axial flow pumps

- Membrane
distillation
- Reverse osmosis

eawa

aquatic research
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System templates

Source

Rivers & streams

Ponds, lakes & dams

Abstraction

Intake

High wter evel T

Gravity

Electric

e g — - ——

g ]

River & lake intake

Velocity pumps

Radial flow pumps
Axial flow pumps

Distribution

S Transpoit User safety

Treatment

Turbidity Safe water
Roughing filtration storage
Rapid sand filtration 10-50 L
Membrane filtration 50-1000 L
Coagulation/ > 1000 L
sedimentation
Coagulation/ filtration

Microbial
Chlorination

uv
Electrochlorination
Slow sand filtration
Ultrafiltration
Pasteurization

Large scale
distribution

eawa

aquatic research

gOOO
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System templates

System 1: Rainwater harvesting

System 1: Rainwater harvesting

Source

Rain water

Groundwater:general

Groundwater:springs

Rivers and streams

Ponds, lakes & dams

Brackish water

Seawater

18

Intake

Abstraction

Roof water collection

Rain water catchment

Sand/subsurface
storage dam

Protected spring
intake

Protected dug well

Protected borehole

River and lake intake

Seawater intake

Energy sources

Gravitv

Human powered
Wind

Solar

Diesel

Electric

Impulse pumps
+ Hydr. ram pump

Positive displacement
pumps

+ Piston/plunger pump
+ Suction pump

+ Direct action pump

+ Deep well pumps

+ Progressive cavity
pump

+ Diaphragm pumps

+ Rope pumps

Velocity pumps

- Radial flow pumps
- Axial flow pumps

- Roughing filtration

- Kapia sana Titratuon

+ Membrane filtration

- Coagulation/
sedimentation

- Coagulation/
filtration:

microbial

- Chlorination

- UV
-Electro-chlorination
- Slow sand filtration

+ Ultrafiltration

- Pasteurization

- F removal
- As removal
|
anthropogenic
- GAC
+ Nanofiltration
= Ozonation

Desalination

+ Membrane
distillation
* Reverse osmosis

— I

Distribution
& Transport

Jerry cans

Water vendors
(carts & trucks)

Water kiosk

Community
distribution system

Large scale
distribution

Storage tanks

User safety

afe water storage
-10-50L
- 50-1000L
+>1000L

- Ceramic filtration
- Membrane
filtration

Microbial

* Chemical
disinfection

* Boiling

* Pasterization

+ Biosand filtration

= UV

- Solar disinfection

Chemical

* Fluoride removal
filters

= Arsenic removal
filters

This system can be used as & majar source of water
supply where there is sufficient rairfall and storage
capacily or seasonally to complament other water

SOUFCES,

Fairwater (511 is collacied throuah o roof water

Design parameters

timber of metal sheats, 1 is foed with hooks below the
roof and catches waber faling from the raof. An uneven
shape of the gutterng should be aveided because of
farmation of stagrant waber pools laading b mosquita-
Breading.

Thie re {1.1.) should opSimally
have a Sou rce E redirect and dischargs
the first the roof which is likely

o ba mare heavily contaminated. The capacity of the
first flush sysiem should be designed relative fo the size
af the roof calchment area. The fushed water should b
rediracted away fram the collection area (e.g. via 3|

A roof rur-off coefficient is the ratio of the volume of rain
water thal runs off the sudacs to the volume of raimwater
that fallz on that surtace (vanes batween 0.5 - 0.9). A
run-off coefficient of 0.9 means that §0% of the
rainfall 5 collected. |t considers waler losses due to
spilling, evaporation, wind, overdlawing gubiers, and
laaky collecton pipas and first-flush devicas.

The size of the shorage fank is a funclion of tha supply
and demand of waler throughout the dry period
including unplanfed use or use for other neads and
availability of alemative sources,

Conelderations

This syetem is apphcable as a majar source of waler
throwghou! only part of the year when rain inlensiy
allows callection of sufficient volumas of rain watar. The

mmaterial and the size of the raof directly influence the
amaount of water collected and it quality. Reasanashly

good quality rain waler can be collectad from roofs out

pit or drainage channel] and shaukd not be uset ConSIderatlonS regardlng

collactad. Same configurations may inclsde a flkar

upstream of the first fush mechanism which consis a ppl ICa bl | Ity

a coarse filer tha! profecis agains! langer pisces
debris from entedng the system. In some casas
fank and afer

redinac| el banks
ar miets Inta ke SyStem Ee graund
o collacy T BlOrage

tanks shauld be sufficient o accommodate enaugh
water ko cover the needs of usens for the defined paricd
af lime withois rain

FAimwalee ik rrilbaciad fined inta s emitinm

The main  dasian  rasametese of s sanf  galar

collecti and
patbarn b amd
water d at

3 ghren time of the year can be estimated by using
the following equation:

Supply M) = Rainfal {mm/year)= < Roof Area (m?) ©
Run-off coefficient

Although  rain waler  quality s uswally  good,
contamination of the roof and storage lanks may lead to
a deterinrafion inwater quality (#.9. from animal achvity,
wagelation or asral degasiion from losal contaminating
activilies, such as crop spraying or lamnd burhing).
Tharefora roof cabchmants as wall a5 gutbars and tanks
shauld be cleaned regularly o ramove dust, keaves and
animal axcramant. Although the first lush mechanism
can  additionally  reduce  the concentration  of
contaminants  anlering the skorsge  tank,  skored
rainwater (U1} should ideally be disinfected prior to
sonsumplion  whare thers s a risk of microbial
contamination, either by disinfection of the tank, or via
household water freatmant (U Usar Safety).




eawag

aquatic research

Structure of the Compendium

Part 1. System templates System 1 Rainwater harvesting

System 2 Surface water treatment centralized
System 3 Surface water treatment decentralized

System 4 All fresh water sources: manual transport with
household water treatment

System 5 Gravity flow supplies

System 6 High quality groundwater

System 7 Decentralized groundwater treatment with geogenic
contamination

System 8 All fresh water sources with anthropogenic
contamination

System 9 Desalination of brackish and salt water

Part 2. Technology information sheets

Part 3. Cross-cutting issues

19



Optional viewing
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Water Supplies (10’) hitps://youtu.be/NDYFVgH4O3A

Maryna Peter introduces the 6
functional groups of a water supply
system (source, intake, abstraction,
treatment, distribution & transport and
user safety), a combination of which
can be applied to any water supply.
However, all solutions have to be

adapted to the local context.

20

» Know the six functional groups of a water
supply system

+ Understand which technologies belong
to which functional group

* Understand basic principles and
functionality of each technology

* Get familiar with actions needed in
establishing or rehabilitating an
emergency water supply

|

o -
Pl 4 1:.06/9:35

gOOO
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Learning objective 3:
Describe the advantages and drawbacks of
(a selection) of water supply technologies

21
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S O U RC E S To establish a water supply system, a resource providing

sufficient quantity of water should be available. These
systems are commonly based on groundwater or sur-
face water resources, though in areas with sufficient
rainfall, rainwater can also be an appropriate water re-
source. The quantity and quality of the source water
determine the required water treatment and water

S 2 Groundwater supply system design. Depending on the source, water

S.1 Rainwater

i —
S.3 Spl'lng Water : i‘r t. Atmosphere
Desubﬁ.l | Rainfall

Volcanic steam

S.4 River and stream water
Sun; e;:Lndff

S-5 PO"dS, Iakes, and damS ' N Fog & dew Rivers ' : : Eapotrqnspiration

- 3
s e g o "
= Evaporation " EFap Ry
. Seepage A

S.6 Brackish water, seawater

Streams

Animals

& volcanos

22



S.1 Rainwater
Applicability:

» Generally good quality but
vulnerable to deterioration
and algal growth

« Slightly acidic so roofing
and storage containers
must resist corrosion

« 300 mm/year minimum
advised

Rainwater refers to water that falls in drops from

clouds to the earth's surface.

23

Health/environmental aspects:

Lacks minerals, which
affects tasks

Odor can develop during
storage

Point of use treatment
advised

€awag

aquatic research

Advantages/disadvantages:

v" Complements groundwater
sources

v" Generally good quality
— Seasonal supply

— Vulnerable to air pollution
and deterioration in storage

— Taste/odor problems



S.2 Groundwater

Applicability:

» Generally accepted by users
« Usually available close to where it is needed
« Extraction rates should not exceed recharge

Health/environmental aspects:

» Filters microbial contaminants (deep aquifers)
* May be naturally contaminated (As, F, Mg, Fe)

Advantages/disadvantages:

v" Generally better quality than surface water
v Reliable availability

— Treatment might still be required

— Over-extraction problems

— Deep aquifers are expensive to access

24
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Groundwater is fed by rainwater and from sur-
face waters, such as rivers, streams, lakes, or
wetlands, which infiltrate into the underground.

RECHARGE AREA

RECHARGE AREA




S.3 Spring water

Water table

A spring is groundwater naturally flowing from
the earth's subsurface to the surface.

25
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Applicability:

« Usually located on hillsides = gravity flow

» Generally preferred by users

» Requires proper tapping and protection to
maintain quality and supply

Health/environmental aspects:

* Generally good quality if catchment is
protected
» Surface run-off can introduce contamination

Advantages/disadvantages:

v" Good quality source

v' High acceptance

v" Low-cost construction

— Vulnerable to run-off

— Seasonal variation

— May be difficult to access (steep hillside)



Optional viewing

Source selection (10°) hitps://youtu.be/FvXi6srkelLk

A description of the criteria to select a water
source, with the advantages and disadvantages

of the main types of water source:

Surface water (Rivers, lakes and reservoirs)
Groundwater (springs, wells)

Rainwater

Brackish and sea water

26
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https://youtu.be/FvXi6srkeLk
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I NTAKE In all improved water sources, water is collected from

the source through an intake or withdrawal system.
. For each water source, there are various intake sys-
1.1 Roof water collection tems available. Some intake systems also act as a reser-
) voir for storing water or provide a certain level of
|.2 Rainwater catchment dam treatment.

1.3 Sand/ subsurface dam

|.4 Protected spring intake

1.5 Protected dug wells

1.6 Protected boreholes
1.7 River and lake water intake
1.8 Riverbank filtration

.9 Seawater intake
27




|.1 Roof water collection system

Applicability:
+ System sized to rainfall patterns and demand

* Usually a supplement to a household’s main water source
« Tank is the most expensive component

Health/environmental aspects:

* Quality dependent on harvesting method
* Roof may collect bird droppings, air particulates
« Contamination and algal growth in tanks

Advantages/disadvantages:

v Gravity flow

v" Low cost and low maintenance
v Self-supply

— Low/no availability in dry season

€awag

aquatic research

Rainwater is collected from a roof by a gutter
and stored in a tank. Ideally, it includes a filter
box to remove larger pieces of debris and a first
flush device to redirect and discharge the first
portion of roof run-off water that carries pollut-
ants from the roof surface.

/I‘i Rainwater I;" /

i o

— Contamination may be introduced

28

Treatment™ gt flush To disposal

device

ROOF WATER COLLECTION SYSTEM TAURPAULING COLLECTION SYSTEM



1.4 Protected spring intake

29

Spring water collection systems are constructed
to catch spring water, facilitate its collection,
and protect it from contamination.

Diversion ditch

Mounded soil

éawag
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Applicability:

Can be constructed from local materials
Adaptable design with one open side

15-30 meter protection zone recommended
Trees/bushes >15 m distance from box

Health/environmental aspects:

Integrity of structure and protection zone will
influence quality
Spring box can provide sedimentation features

Advantages/disadvantages:

v" Low cost and simple operation/maintenance
v Adaptable design

Flow variability
Erosion issues



1.5 Protected dug wells

Applicability:

« Soil type, diameter and depth determines the
amount of water available

« Suitable for high/shallow groundwater tables

» Avoid areas with high run-off or large rocks

Health/environmental aspects:

« Extraction rate must not exceed recharge rate

» Groundwater is generally safer than surface
water but can still be contaminated

» Regular chlorine disinfection recommended

Advantages/disadvantages:

v" Low cost and locally available materials

v High acceptance

— Contamination risks, e.g., naturally
occurring As or introduction of fecal
bacteria

— Wall collapse risks during construction

30
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A dug well results from excavating a hole in the
ground from which groundwater can be ab-
stracted with a pump or a bucket. A dug well is
protected from run-off water by a well lining, a
platform (apron), and a well cover.

Hand pump
Well cover

- ) ]
— Drainage channel

TR

Impermeable

v permanent lining
Restraining \
device A

Gravel backfill

Groundwater level

Porous base plug_ ||
—

Aquifer



Abstraction entails the capture and removal of raw e awag
000

water from a source and requires the availability of en- aquatic research
ABSTRACTION esmant lants, oage vanke, or trution net
works.
A.1 Hydraulic ram pump A.8 Radial flow pumps
A.2 Piston/ plunger suction pumps A.9 Axial flow pumps
A.3 Direct action pump A.10 Gravity
A.5 Progressive cavity pump A.12 Wind
A.6 Diaphragm pump A.13 Solar

A.7 Rope and washer pump A.14 Electric

A.15 Internal combustion engine
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A.4 Piston pump/ deep well pump (positive displacement)

Deep well piston pumps are a type of positive

App“cablllty: displacement pump, which displaces a fixed
« Generally used as a communal water supply option amount of water per cycle. Within this category,

) ) deep well piston pumps are unique in that water
» Ideal for deep water tables beyond reach of suction and direct is lifted from deeper depths with the help of ad-

action pumps ditional levers or gears.

« Require skilled repairs and supply chain for replacement parts

Health/environmental aspects:

« Water generally free of microbial contamination
« Labor intensive water collection
» Acidic water can cause corrosion issues (iron, lead leaching)

Pump head Handle
v

Head flange

spout Water tank

Top flange

4 _— Pump stand

Ground

Advantages/disadvantages: ._// | cement concrete foundation

v" Provides a safe water source where alternatives are unavailable Csing pipe
— Greater maintenance and repair needs ~
— Exertion due to water fetching

Plunger rod —

[— Socket

—

| Rising main

. Piston valve
Cylinder —|ET

|~ Foot valve
Suction pipe —_|

—

F ==y

—
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A.7 Rope pump (positive displacement)

Applicability:

* Manual operation < 50 m, motorized <100 m

* Generally installed in dug wells serving households
or small community

« Ideal for gardens and other productive uses

Health/environmental aspects:

« Keep slab and components clean/ covered to avoid
introducing contamination
* Motorized systems must avoid over-extraction

Advantages/disadvantages:

v" Low cost and simple design

v Locally available materials

— Limited capacity

— Significant effort to pump manually >5 m
— Contamination can be introduced

33

Rope with pistons
or washers

Flywheel

€awag

aquatic research

Rope pumps are a type of positive displacement
pump, which displaces a fixed amount of water
per cycle. Within this category, rope pumps
(also known as rope and washer pumps) are
unique in that water is lifted directly using a
continuous movement of a flywheel in only one
direction (rather than in a reciprocating man-
ner). The below-ground components are mostly
made from plastic, which makes them corro-
sion resistant and easier to handle.

Rising main




A.10 Gravity (energy source)

Applicability: Health/environmental aspects:
« Can be applied to springs, « Clean energy source
streams, or elevated tanks * Pipe breakage can deplete source

Suitable in areas with
topographical variation

Often high capital cost but low
running cost

Raw water source

= = = Maximum water elevation

) Water tower

(T GEEETT GG
[ENSIE [ENSIE ;
It il i}

Transmission line Water supply
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Advantages/disadvantages:

v Low total life cycle cost

v" Reliable energy supply

— High initial investment

— Not available to all systems

Water transport is often most economical when
the force of gravity is used to transport water
through pipelines (or channels). As an energy
source, the major advantage of using gravity as
a driving force to move water is that it is free, so
pumps are rarely needed within a gravity sys-
temn.



A.11 Human powered (energy source)

Applicability: Health/environmental aspects:
* Used when other energy - Risk of injury or exertion
sources are unavailable e Limited Capacity for meeting
* Household- or small a households daily needs
community-level - Significant time burden
* Limited to 70 Watts =<1 L/s
for 10 m lift

The most basic form of energy available for en-
suring a household water supply is the effort
that each person can apply.
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Advantages/disadvantages:

v" “Free” energy source

v" Low carbon emission

— Only limited water supply
possible (water is heavy)

— Injury, stress and time burden

— Affects women and girls most

User (human force)




Optional viewing

Intake (8’) htips://youtu.be/QaYMbub4ljw
Abstraction (12’) hitps://youtu.be/bVsMCly11 4

An overview of the water intake options,

their applicability and limitations.

A detailed overview of water abstraction
options, to collect water at the source
intake system and transport it (to the
treatment plant, or storage tank, or

distribution network, or consumer).
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Pump

— Well cover

=

“S+—— Rock lining

© Smet and Wijk, IRC, 2002

eawa

aquatic research

gOOO


https://youtu.be/QaYMbub4ljw
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This section describes water treatment technologies

that are generally appropriate for larger groups of eawa
users. It includes community treatment options, . g
semi-centralized applications in neighborhoods, and aquatic research 000

centralized-type applications in urban areas. House-
TREATM E NT hold water treatment methods are described in sec-

tion L.

T.1 Clarification methods

T.1.1 Roughing filtration

T.1.2 Rapid sand filtration

T.1.3 Microfiltration

T.1.4 Coagulation/ flocculation/ sedimentation
T.1.5 Coagulation/ flocculation/ filtration

T.2 Removal/ inactivation of microorganisms

T.2.1 Chlorination

T.2.2 On-site electrochlorination
T.2.3 UV disinfection
T.2.4 Ultrafiltration

T.2.5 Pasteurization
37

T.3 Treatments for geogenic contaminants

T.3.1 Fluoride removal methods
T.3.2 Arsenic removal methods

T.4 Treatments for organic and inorganic
contaminants
T.4.1 Activated carbon

T.4.2 Ozonation
T.4.3 Nanofiltration

T.5 Desalination (salt removal)

T.5.1 Membrane distillation
T.5.2 Reverse osmosis
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T.2.1 Chlorination

Applicability: Chlorination consists of the addition of chlorine
compounds to water. Under optimal conditions,
chlorine inactivates bacteria and many viruses
and provides residual protection that minimiz-
es the risk of microbial re-growth and recon-

* Most common disinfection method worldwide
* Applied from centralized to household scale
* Requires low turbidity (< 5 NTU) and pH of 6.5 — 8.0

tamination.
Health/environmental aspects:
« Skin/eye contact risks
« Safe handling and dosing requires training -
. e . . Potable water =—»
* Important to minimize the formation of supply
disinfection byproducts :
Advantages/disadvantages:
v Low cost and widely available f Chlorine analyser
v Reliable for inactivating bacteria and most viruses Dosing pump
— Ineffective against protozoa and some viruses
— Taste/odor acceptance thresholds vary Purified water < =L =§?= Sodium hypochlorite
sod
Potable water Recirculation o
storage tank pump
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T.2.4 Slow sand filtration

Applicability:

» Low turbidity raw water (<10 NTU)
* Incompatible with chlorination due

to biolayer

« Can be operated using gravity or

pump

» Ideal for small community or

municipal supply

Raw water

Supernatant
water drain

=T}
Filtered water =E|: =

Health/environmental aspects:

Acceptance challenges
Requires considerable space
Filtered water susceptible to

recontamination

Airvent

—

éi-—rﬁ—J N

Inspection lid

Ventilation

..:ﬁf Filtered water

for backfilling

Drain bricks
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Advantages/disadvantages:

v" No chemicals or pumps required
v" Constructed with local materials
v' Easy to operate, long lifespan

— Large footprint

— Clogs easily

Slow sand filters (SSF) remove suspended and
colloidal solids from turbid water. This process
is characterized by a biologically active upper
layer (Schmutzdecke) that forms during filtra-
tion and that supports the removal of pathogen-
ic microorganisms (bacteria, protozoa, and vi-
ruses). To support this biological activity, a slow
water flow rate of about 0.1- 0.3 m/h is required.
SSF alsorequire alow inflow turbidity (< 10 NTU)
to prevent clogging.



Optional viewing

eawag
aquatic research 000

Water Treatment (14’) hitps://youtu.be/IAE7YKKOTKA

A description of the criteria for selecting water
treatment technologies, with the advantages
and disadvantages of the main categories of

treatment:

Clarification methods
Removal of microorganisms
Treatments of geogenic contaminants

Treatments of organic and inorganic
contaminants

Desalination

40
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DISTRIBUTION AND TRANSPORT

This section describes the technologies or solutions

D 1 used to deliver water from the source, pumping sta-
. Jerry cans tion, or water-treatment plant to the home of the con-
sumer. They are either privately adopted solutions (D.1

D.2 Water vendors (carts and trucks) ;yﬁ:ig;fﬂ;f{f;'; Esff"; ;*;‘“‘ different levels and

D.3 Water kiosks

D.4 Small public and community A

distribution systems

D.5 Centralized distribution systems \ \/
D.6 Storage tanks and reservoirs e ﬁt
] | ==

41
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D.1 Jerry cans

Applicability: Jerry cans are light plastic containers that can
« Typically 20 L, carried by person, cart or donkey be carried by one person. They can be sealed
« Carrying time should not exceed 30 min / day with a lid to prevent water contamination and
« Required in areas where other distribution options to are frequently used to carry water home from

the home are not yet available the source.

Health/environmental aspects:

« Can be contaminated if used with unsafe sources
» Regular cleaning and proper sealing will maintain quality /
reduce algal growth

Advantages/disadvantages:

v" Widely available and low cost

v' Adaptable volume

— Recontamination risks

— Time/labor burden, especially for women/qirls

— Inadequate volume for certain needs (hygiene, productive
activities)
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D.4 Small public and community distribution systems

Water distribution systems transport water from App| icabil ity;
the water source or water treatment plant to
the point where it is delivered or used, such as
a community standpipe, yard connection, or
household connection.

» Pressure head of 5-10 m to prevent ingress

« May be branched or looped (grid) design

« Water delivered to the house, yard or community
stand (< 30 min walk)

Health/environmental aspects:

« Water available closer to the home increase
consumption
» Must consider disposal of black/gray water

LOOPED NETWORK
DISTRIBUTION SYSTEM

BRANCHED
DISTRIBUTION SYSTEM

Advantages/disadvantages:

v" Most convenient and desirable option for users
v' Better quality if centrally treated

— Intermittency can introduce contamination

— Higher capital and running costs

— Maintenance and repairs can be complex
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This section describes household water treatment and e awag
000

safe storage technologies that can be used as single- aquatic research
stage water treatment alternatives when centralized

U S E R SAF ETY or community-scale treatment are not available or the

quality of the water supply is inadequate. When water

contamination occurs during transport between the

public tap or water source and home, household

water treatment can improve the situation. Drinking

water should be stored safely in all cases.

U.1 Safe water storage

U.2 Ceramic filtration U.7 Biosand filtration

U.3 Ultrafiltration U.8 UV light disinfection

U.4 Chemical disinfection U.9 Solar water disinfection
U.5 Boiling U.10 Fluoride removal filters
U.6 Pasteurization U.11 Arsenic removal filters
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U.1 Safe water storage

Safe water storage uses containers that protect
water from recontamination. The containers can

App"cablllty: be of various sizes (from 5 L bottles or pots to
 May be filled manually or by gravity / pumps 1000 L water storage tanks to 5000 L containers
« Required for all cases where continuous safe supply is unavailable on top of buildings) and are characterized by

two main features: 1) the presence of a good
cover and narrow opening for filling, and 2) the
availability of a tap/spigot or connection to the
in-house distribution network.

* Volume fitted to source and household demand

Health/environmental aspects:
« Additional connections pose contamination risks,

backflow valves needed
* Metal tanks require non-corrosive lining t
» Regular cleaning required ﬁ
Advantages/disadvantages: '/
v" Reduces recontamination @
v Improves reliability of supply
— Large containers are expensive @
— Additional time/ management burden compared to
continuous in-house tap

© ©
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U.2 Ceramic filtration

46
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Ceramic filters are simple devices that use pots
or candles made out of clay to filter drinking wa-
ter to remove turbidity and pathogenic micro-
organisms.

€awag
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Applicability:

Suitable for small households

Requires low turbidity (< 5 NTU) raw water
Requires supply chain for replacement parts
Local production possible

Health/environmental aspects:

Should be paired with safe storage and disinfection
Good removal of bacteria and protozoa,
moderate/low removal of virus

Advantages/disadvantages:

v High user acceptance
v' Simple to operate and maintain

Variable treatment effectiveness
Limited flow rate

Breaks easily

Limited affordability
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Optional viewing

Distribution, transport and user safety (10’°)
https://youtu.be/gnoF7QLIPYQ

An overview of the distribution options
for water (in terms of possibility, costs,
safety, convenience, complexity,...), and

user safety.
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Part 2
Water System Design



Water System Design

Gravity

T— | [———
-
v

Electric

Rivers & streams

Ponds, lakes &
dams

o
Saptin e gapee
S ——
o —
T — —
i — | e
g
gl
g ]

River & lake intake

Velocity pumps

Radial flow pumps

Axial flow pumps

Turbidity

Roughing filtration
Rapid sand filtration
Membrane filtration
Coagulation/
sedimentation
Coagulation/ filtration

Microbial
Chlorination

uv
Electrochlorination
Slow sand filtration
Ultrafiltration
Pasteurization

Source Intake Abstraction Treatment Distribation User safety
& Transport

Safe water storage
10-50 L

50-1000 L

> 1000 L

Large scale
distribution

eawa
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Learning objective 4:

‘real world’ scenario

ey T

lllustrate a system template for a




Design consideration: Source suitability

50

/fy ;’IHI/I/K"

///f

Rainwater

Ground water

Surface water

Microbiological quality good
Contains few minerals
Utilisation easy

Storage necessary

Microbiological quality good

Risk of geogenic contamination
Contamination possible for (2) & (3)

Usually no treatment necessary
Utilisation easy (3) => difficult (1)

Great risk for microbiological contamination
High content of solids and algii
Treatment necessary

eaWwa
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Criteria for selecting a source

1. Quantity of water the source can provide
Immediate capacity & Reliability over time (dry season)

2. Quality of water
Present quality & Risk of pollution

3. Technology required for exploitation:
Type of technology required (cost and technical requirements for installation & maintenance)
Social acceptance

4. Accessibility

Geographical, Social, Financial, Security
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Design consideration: Treatment needs

Avoid treatment (source!)
High investment and maintenance cost

Availability of spare parts & chemical difficult
Lack of trained personnel

Goal

Utilisation of water with low health risk - ground water and spring water
Protection of the water source

No treatment necessary is the best treatment

Treatment Parameters
Microbiological contamination
Turbidity (silt, clay, algii)

Geogenic contaminants: Arsenic, Fluoride, Iron, Manganese
Antropogenic chemicals

52
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Addressing different quality issues

53

Quality issue
Turbidity
Surface Water

Desalination

Saline, backish groundwater, sea water
Removing chemical contamination
Fluoride: Groundwater

Arsenic: Groundwater

Anthropogenic pollution: Surface water
Removing microbiological contamination

Contaminated surface water, groundwater,
rainwater

Examples of suitable technologies

Flocculation, Sedimentation
Roughing & Slow Sand Filtration

Reverse osmosis (RO), Distillation

Adsorption to activated alumina or bone
char, RO

Oxidation, adsorption & ion exchange,
RO, Distillation

Reverse Osmosis, Distillation

Slow sand filtration, chlorination, UV,
ultrafiltration, pasteurization

eaWwad
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Additional design considerations

1.

54

No treatment is the best treatment — use the water
source with highest quality

Water transport distance is the main usage criteria of a
water source — new water points must thus be closer than
existing ones, otherwise they will not be used.

Gravity systems are more appropriate than systems
requiring electrical pumps.

Keep supply networks simple, guarantee frequent
controls and maintenance to minimize water losses.

Public taps are the interface between water supply and
user — keep them user-friendly and robust.

Household storage is needed if water is collected away
from the home or if the piped supply is intermittent

eaWwa
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Group exercise

A small town in western Uganda has about m -
Abstraction User safety
25’000 people, receives rain for three months 5
out of the year and has easily accessible ﬁ v A ﬂ $ - oH- 7 2%_%% %
. dadd e =i || B TH- e
groundwater. The town has an urbanized core, ——— s ™ R
while the surrounding outskirts are more rural ' ' ' ' '

in nature. In addition to households, there are
two schools, a clinic and several small

businesses.

1. Propose a possible water supply delivery
configuration in the figure to the right.

2. Explain why this is the best configuration for
the setting.
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Source

Intake

Abstraction

Treatment

Distribution & transport

User safety

a. 
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Group exercise

A small town in western Uganda has about
25’000 people, receives rain for three months
out of the year and has easily accessible
groundwater. The town has an urbanized core,
while the surrounding outskirts are more rural
in nature. In addition to households, there are
two schools, a clinic and several small
businesses.

1. Propose a possible water supply delivery
configuration in the figure to the right.

2. Explain why this is the best configuration for
the setting.
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User safety
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User safety

a. 

































b. 

































c. 

































d.

































e. 

































f. 





















































1



image1.jpeg







image2.png







image3.png

Coagulant dosing

Coagulation tank
(flash mixing)

Flocculant dosing

Flocculation tank
(slow mixing) \

Sedimentation

Flotation

Filtration






image4.png







image5.png







image6.png







image7.png

T e

River bank intake using infiltration drain Floating intake for pond or stream









7T





57

Abstraction

—
Coagulantdosing  Flocculantdosing
L
-4 | & .
Fi n

=l

4 )
e. f.
G J

eawa

aquatic research

gOOO



Source

Intake

Abstraction

Treatment

Distribution & transport

User safety
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Source

Rain water

Groundwater:general

Groundwater:springs

Rivers and streams

Ponds, lakes & dams

Brackish water

Seawater

Roof water collection

Rain water catchment

Sand/subsurface
storage dam

Protected spring
intake

Protected dug well

Protected borehole

River and lake intake

Seawater intake

Energy sources

- GQravity

- Human powered
- Wind

- Solar

- Diesel

- Electric

| —(|
Impulse pumps

- Hydr.ram pump

Positive displacement
puUmps

« Piston/plunger pump
+ Suction pump

+ Directaction pump

* Deep well pumps

+ Progressive cavity
pump

+ Diaphragm pumps

* Rope pumps

Velocity pumps

- Radial flow pumps
- Axial flow pumps

=

Treatment

Turbidity

- Roughing filtration

- Rapid sand filtration

- Membrane filtration

- Coagulation/
sedimentation

- Coagulation/
filtration

microbial
« Chlorination
- UV
-Electro-chlorination
- Slow sand filtration
- Ultrafiltration
- Pasteurization

ge

= F removal

= As removal

anthropogenic

- GAC
= Nanofiltration
* Ozonation

Desalination

- Membrane
distillation

- Reverse osmosis

Distribution
& Transport

Jerry cans

Water vendors
(carts & trucks)

Water kiosk

Community
distribution system

Large scale
distribution

Storage tanks
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User safety

Safe water storage
- 10-50L
- 50-1000L

- Ceramic filtration

- Membrane
filtration

Microbial

* Chemical
disinfection

= Boiling

= Pasterization

= Biosand filtration

= UV

= Solar disinfection

Chemical

* Fluoride ramoval
filters

* Arsenic removal
filters
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Groundwater == Protected by Helical roto Rapid sand s, Community . 10 -1000 L All year
borehole pump filtration (rainy distribution storage
ﬁ_ months) system with Rainy
Solar storage months
electricity Chlorination reservoir: T
(for pump) .
a. Private Chlorination
Diesel ta
Rain water  ==»Roof water (pump b. Community
collection back-up) taps
Rain water Gravity c. Kiosks
catchment (to storage
reservoir) d. Vendors l
Jerry cans
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Internships and MSc projects at Sandec

Email Caterina.DallaTorre@eawag.ch
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