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DIRECT POTABLE RECLAMATION WITH A CLEAN BILL



Historic Landmark in Sustainable Water
Management
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“To qualify as citizens of a 'conserver' society, we must shift entrenched thinking. We need to
recognise that there is rarely such a thing as 'waste': rather there are materials that
sometimes end up in the wrong places." The Gaia Atlas of Planet Management
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First DPR plant - 1968 New DPR plant - 2002



Why was Direct Potable Reuse implemented

a 0w DD =

How was it implemented

Public acceptance

Continuous impact

Current status & future supply of potable water to
Windhoek



Namibia — Country of 2 Deserts
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Windhoek‘s Water Supply History

« Early settlement — hot natural springs. Names: /Ai//[gams ("Fire
water" - Nama) Otjomuise (“Place of steam" - Herero)

*« Development of well field

¢ Avis Dam — 2.4 Mm3

«« Water Crisis - Well field over abstracted by more than 50% }

«» Goreangab Dam — 3.6 Mm?3

o« Wellfield over abstracted by 100%




1960: Safe Yield 2.6 Mm?3/a versus 3.8 Mm3/a demand with high growth.

Avis Dam (2.4 Mm?3)

lin °* Average abstraction attained over initial lifespan (1934 to 1959) — 0.375 Mm?®/a
= +« Empty 4 out of 10 years on average (current status)

= | **“For all practical purposes therefore, Avis Dam can at 95% probability of a certain
yield, provide nothing.”

~ *=New (1959) — Expected yield of 0.6 Mm?®a at 95% reliability

-« Considered together with Avis dam to be able to provide 0.8 - 1.0 Mm¥a at 75%
- reliability

not used for potable)

Windhoek Aquifer

Safe Yield established at 1.6 Mm3a (3.1 Mm?3/a)
«« Draw-off in 1960 — 3.22 Mm?

+« Continued over-abstraction of the aquifer a serious concern (Executive Commission
Report, 1958)




WINDHOEK POPULATION PROJECTION
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Water Loss Control

Diversion of Michaelis River
to Avis Dam

Diversion of overflow from
Hofnung Dam to Avis Dam

Gammams lll Dam Scheme

Swakop Dam Scheme

Purified Sewage Effluent
Reuse (DPR)

*« Implemented with Immediate Effect

« Large Scale Pipe replacement and increased meterage resulted in
reduction of losses from 20% to 7.5% by 1961

« Not considered economically viable

 Not considered economically viable

« Confluence of Gammams, Aretaragas & Augeigas River — 2km
downstream of Gor. Dam

+« Calculated safe yield used in conjunction with existing Goreangab Dam
-1.6 Mm%/a

«« More expensive than Swakop Dam Scheme per m3 of water

«» Estimated safe yield of 7.14 Mm?3a (5.14 Mm?®/a to Windhoek) — 1st
State Scheme to WHK

+« Benefit of Supply to Okahandja (2.0 Mm3/a)

*« Construction & Operational Cost — Distance of 70km and Elevation of
250m

*« Supply potential of 33.3% of all water produced
*« CoW - Technically viable; Administration not convinced

«« Most economical operated in conjunction with exiting Goreangab
Scheme



What is Indirect Potable Reuse (IPR) ?

Precipitation and Surface Runoff

Blending EWater
Drinking Water e d
Tmrhm u.;..rnwpou':n Savlcc::t g
e Virginia)
l Supply Reservoirs
(e.g. Orange County Water District
Groundwater Replenishment System,

Distribution Groundwater California)
System Aquifer

v

Water Users
Other types of
Conventional Advanced > ’,‘;,;‘,,,f‘:,';:’;’;
Wastewater Treatment Wastewater Treatment Receiving
> Water Bodies
USEPA-Potable "

Reuse Compendium,



What is Direct Potable Reuse (DPR) ?

Precipitation and Surface Runoff

|

Blending

Note:
When an Advanced Wastewater Treatment facility sends

treated reclaimed water directly to the distribution system,
the facility is regulated as a Public Water System.

(e.g. Cloudcroft, New Mexico)

Conventional Advanced
Wastewater Treatment Wastewater Treatment

(e.g. Big Spring, Texas)

Engineered Storage Buffer

(e.g. El Paso, Texas)

Other types of
Reuse and/or
Discharge to

Water Bodies

USEPA-Potable

Reuse Compendium,
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What is Direct Potable Reuse (DPR) ?

Precipitation and Surface Runoff

|

1. BN Blending

v
l Windhoek DPR

D Distribution <
r System Note:
When an Advanced Wastewater Treatment facility sends

+ treated reclaimed water directly to the distribution system,

the facility is regulated as a Public Water System.
Water Users
—»
.I Conventional Ll Advanced
Wastewater Treatment| = | Wastewater Treatment Other types of
Reuse and/or
(e.g. Cloudcroft, New Mexico) Pheceiing
i - Engineered Storage Buffer Nt Dot
(e.g. Big Spring, Texas)
USEPA-Potable 13

Reuse Compendium,



Initially planned to commence in 1961 but delayed implementation
CoW and Council for Scientific and Industrial Research (CSIR) teamed
up and renewed contract in 1961

Extensive pilot testwork 1962 — 1965

Design of 4,800 m®/d (1.6 Mm?/a) full scale plant

Construction started in 1967 and was completed in 1968

Production started 18th October 1968

In the following drought schenario the plant immediately supplied 15 —
25% of the potable supply of CoW

Swakop Dam Scheme (S von Bach Dam) was completed in 1970 and

the water purification plant in 1971
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Woastewater Reclamation as a Water Resource

‘Dwight F. Metzler and Heinz B. Russelmann

A paper presented on Jun, 6, 1967, af the Am
aper e b, 6, y mual C, in At
lamtic City, NJ., by Devight F. Metsler, Deputy Co,z" .l‘\lf‘;/.}::c

Dept. of Health, ond Heine B, Russclmann,

of Water & Se

, Acting Director, Bureow

werage Utilities Mamsgement, Div, of Pure Waters,

N.Y. State Dept. of Health, Albany, N.Y,

ASTEWATER reclamation of-

fers & practical and immediate
way to increase the net amount of wa-
ter available for use. Renovation of
wastewaler ranks along with storage in

a practical method for meetin

S o of IOOb]per cent restora-
is not yet possible for all -
eters of quality, the technology E::ual-
ready reached that point where full
renovagion lies within reach. It is now

alternative in water resources planning.

surface or w i
nderground rucr;nr:;;((ymxmu element that must serve as an

zn_)r-lvling demand for water.

is article will discuss some of the
fundamental philosophies that underlie
water reuse. The national problem of
water supply is examined and sugges-
tions are made for loying water

The literature amply covers the tech-
nology of treatment for both improving
conventional waste treatment and for
advanced treatment techniques, but
there has been little exploration of the

rease with careful amuJ -
i'"nun feeloubiis on to protect.
eporling on proposals for wat

reclamation  and reuse goes bsck“auk
least three decan?a. Most of the atten-
tion has been directed at experimental
:o'rkpn.:hmhiclkrmdlig\‘md-
by the need to miimize tream pole
n to minimize stream pollu-

tion. Now that it is possible to ac?;lcve
a treatment effectivencss that can re-
store wastewaters to their original con-
dition, it becomes necessary to investi-
mb:akm of treated water and how
used. The first hurdle, the
technology of treatment, is rapidly
being overcome. The second hurdle,
the reasonable utilization of these wa-
ters as an essential resource, is the
present problem. Although the ac-

25

fund: I p D that must
accompany wastewater use if the tech-
nological achievements are to be used
to maximum effectiveness. This arti~
cle, therefore, will address itself to the
?mhlcms of water supply needs and the
inescapable fact that water reclama-
non. will s:rvc increasingly as the
mechanism for meeti
iy eeting water supply
Land reclamation in various forms
has received the attention of the mid-
west and western regions of this
country for more than three genera-
tions, It sprang from the short-sighted
exploitation of land and timber re-
sources and the need to restore ravaged
Iaqu to usefulness through irrigation.
With the opening of the west, the great
natural wealth seemed to be inexhaust-
ible. By the end of the nineteenth cen-

American Water

Works Association

Jan, 1962

of money are invested in an effort that
still does not satisfy all user require
ments.

What has been critical in this re-
spect? Three factors: (1) waste treat-
meat applied has bheen inadequate,
pressing for the development of ad-
vanced treatment methods; (2) per-
formance in waste treatment has not
been fully responsible because of lack
of surveillance; and (3) extensive

WASTEWATER RECLAMATION 99

necessary will at the same time enhance
pollution control.

What are the risks involved? The
environment produces hazards which
must be guarded against. Public health
practice has always sought maximum
protection and it is for this reason that
maximum performance effectiveness is
demanded, even in the face of mini-
mum hazard. The fundamental se-
quences of water supply treatment are

t to be y in

ially the same, whether waters

order to meet water quality objectives.
Return on Investment

are drawn from a poiluted source or
one relatively free of pollution. - Addi-
tional stages of treatment are provided
i with the nature of the water

Traditionally, two i have

! been made in the sequence of water
. use. Water is conveyed large dis-

tances from relatively pure sources
and submitted to complete treatment.
After use, the waters are again sub-
mitted to extetsive treatment for dis-
charge to waste and the small measure
of downstream uses which must be

- satisfied.

Investment for wastewater treatient
now demands a greater- return,  This

: can be achieved by narrowing the ob-
| jective and placing wastewater treat-

ment in the positive sense. Tmagine

| wastewater as a water resource in the

same sense as an upland impoundment.

. This water source now lies within the
¢ community that inveats in treatment
! to benefit that community primarily.
- A high degree of treatment can render

, the water usable for drinking, and,
- when ‘blended with the primary water
supply source, will provide a highly
dependable supply.

The best system is a single produc-
tion center using common administra-
jon, staff, and structures for both
water supply treatment and wastewa-
ter treatment, thereby realizing con-
siderable economies. The high degree
of operational integrity which will be

(o be treated, The costs for additional
treatment of polluted water must be
weighed against the transportation of
relatively unpolluted  waters  from
greater distances and the impound-
ments designed for safe dependable
yields, The tremendous advances made
in waste treatment will shortly demon-
strate that all undesirable, objection-
able, or hazardous materials can be
removed or altered or controfled so
that they will be of no consequence to
water use. Modern sophisticated
means of quality measurement can pro-
vide fail-safe control and divert in-
adequately treated waters when neces-
sary!
Example of Reclamation

The experience at Chanute, Kan.,
wae a highly successful indicator of
the potential for direct water reuse.
The severe drought in Kansas in 1956
resulted in a virtually dry Neosho
River. The 4,000-sq mi drainage area
yielded only the wastes of upstream
ommunities. Much of the river flow
past Chanute during the drought was
made up of sewage plant effiueat, and
the city had been using this water for
several months without known ill ef-

D s

_

Case Study of
Chanute,
Kansas, USA
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In 1970 the Stander Plant was built in Pretoria as continuous research
and demonstration plant

In 1979 Gammams Water Care Works were upgraded from biofilters
(humus tanks) to activated sludge

At the beginning 4 different and independent laboratories monitored the
performance of the reclamation plant

In 1982 it was declassified as a “research facility”
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Upgradle Wastewater treatment (41] Maturation ponds {Retention time] Upgrade Windhoek Direct Potable Reclamation (#2)  Capacity
1962-1979 Biological filters P! 14-10 days 1968-1976 Goreangab Mark| 48MIfd
1976-1980 Goreangab Mark I 48MIfd
1979-19%4 Activated sludge Nutrient Removal Pl 10-6 days 19801986 Goreangab Mark 48MIfd
1986-19% Goreangab Mark IV 1.2MIfd
1994-2006 Activated sludge Nutrient Removal Pl 6-3 days 1994-2001 Goreangab Mark Y 14.4M/d
2002-2016 Goreangab Mark Y 2AMd

#L PI: Primary settling - Biofilters - Secondary setting - Maturation ponds {14 day|

#L PI: Primary setting - Five-stage Bardenpho nutrient removal activated sludge - Secondary settling - Maturation ponds {10 days)
#L PII:Primary settling - UCT or mocifiec Johannesburg nutrient removal activated sludge - Secondary setting - Maturation ponds (6 days)

#2 Mark I. [Carbon dioxice], [Alum), Algae Flotation, Foam Fractionation, [Alum + Lime], [Breakpoint chlorination], Settling, Rapid sand filtration, Activated carbon, [Chloring], Blending

$2Mark I [Lime], Settling, Ammonia stripping, [Carbon dioxide], [Chloring], [Alum + Lime], Settling, [Carbon dioxide], Rapid sand filtration, [Breakpoint chlorination], Activated carbon, [Chloring], Blending

#2 Mark I [Chlorine], [Alum + Lime], Seting, [Breakpoint chlorination], [Alum + Lime], Settiing, Rapid sand fltration, [Chlorine], Activated carbon, [Chlorine], Blending
#2 Mark IV [Alum +Lime], Dissolved air flotation, [Chlorine], [Alum + Lime], Settling, Rapid sand filtration, [Breakpoint chlorination], Activated carbon, [Chloring], Blending

#2 Mark Va: [Ferric], Dissolved air flotation, Rapid sand filtration, Activated carbon, [Break point chiorination], [Stabilisation: Lime], [Chlorine], Blending
#2 Mark Vio: [Ferric], Dissolved air lotation, RSF{ftw) - RSF{ftw)+GAC, Activated carbon, [Break point chlorination], [Stakilisation; NaOH], [Chloring], Blending
42 Mark V1: PAC, [Pre Ozonation], [Ferric], Dissolved air flotation, [MnO4 + NaOH), Rapid sand filtration (ftw), [Ozonation, H202], BAC+GAC, Ultra fltration, [Chloring], [Stabilisation: NaCH], Blending

19



Implementation

Principles of Windhoek DPR

Onl

» Segregation of all industrial effluent in a separate drainage area and dedicated
treatment

* Monitoring from the point of discharge up to the final consumer off-take —
Compliance across unit treatment processes

« Efficient removal of biodegradable constituents, including nutrients
during upstream WWT process

e Multiple unit treatment processes aimed at removal of |
targeted contaminants [

e Dilution of final effluent with water from natural
sources in 33:66 ratio

* Continuous efforts to educate the public
and to keep communication open; thereby
maintaining public confidence

20



The process flow of the New Goreangab Water Reclamation Plant —
A design with the experience of decades:

GOREANGAB WATER RECLAMATION PROCESS

GAMMAMS WATER
CARE WORKS GOREANGAB DAM

DISSOLVED AIR
FLOTATION

v% e "‘l“] ‘‘‘‘‘

RAW WATER BLENDING

COAGULATION
o

RAPID GRAVITY
SAND
FILTRATION

BIOLOGICAL ACTIV. | | | Ue o

Following the Multiple oo™ il =
=S

GRANULAR ACTIV.

Barrier Approach e

ULTRA- e
FILTRATION  DISINFECTION  FINAL

& WATER
STABILISATION SUPPLY
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The process flow of the New Goreangab Water Reclamation Plant —
A design with the experience of decades:

(T - T °~° 1 GOREANGAB WATER RECLAMATION PROCESS
GA(:‘AMR:M:OV;;;ER GOREANGAB DAM F J

Goreangab dam water stopped being used. The reclamation
| plant is fed exclusively from the WWTP.

DISSOLVED AIR
FLOTATION

Sty ll]"] ‘‘‘‘‘

RAW WATER BLENDING

COAGULATION
o

Following the Multiple " ] =
IZ_

GRANULAR ACTIV.

Barrier Approach i ——

STABILISATION SUPPLY
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The process flow of the New Goreangab Water Reclamation Plant —
A design with the experience of decades:

Ve
GAMMAMS WATER
CARE WORKS GOREANGAB DAM

DISSOLVED AIR
FLOTATION 1

Sty ll]"] ‘‘‘‘‘ :

RAW WATER BLENDING

| COAGULATION
o

o T

| nannnyl Y SRR
Follqwmg the Multiple B e =
Barrier Approach \ i —-—

/. ULTRA- )
S 7 JelLTRATION  DISINFECTION FINAL
S 1 & WATER
\ STABILISATION  suppLY |
N /

————————————
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Pretreatment:

GAC“:\MR:M;OVI::;ER GOREANGAB DAM . P re-ozo n ati O n
- e Coagulation
““““““ — e Dissolved Air Flotation
RAW WATER BLENDING lL@’ﬁng:vJL~l ll’l‘“""ll_l"“""' .

COAGULATION
o

Rapid Gravity Sand Filtration

i

RAPID GRAVITY
SAND
FILTRATION

Provides excellent TSS polishing for downstream advanced
treatments
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Advanced treatment:;

oaron MW - e (Ozonation
mjﬂ% e Biological Activated Carbon filters
UL e Granular Activated Carbon Filters

BIOLOGICAL ACTIV.
CARBON
FILTRATION

GRANULAR ACTIV.
CARBON
FILTRATION

Removes dissolved macro- and micro pollutants, provides effective
disinfection
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Polishing and final disinfection:

Ultra-Filtration membranes
Chlorine disinfection

Caustic soda stabilisation
Distribution for blending in potable
water network

_ Q) ciz NaOH
|
e

g

DISINFECTION FINAL
& WATER

STABILISATION SUPPLY

ULTRA-
FILTRATION

Final stages of disinfection and polishing
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WINGOC - Windhoek Goreangab Operating Company (Pty) Ltd

s
wingoc . A PPP in the drinking water supply

OVGOL‘I;\M((( AAAAA S]nce 2001




Press conference 22nd of
November 1968

Three quarters of the test
committee had chosen the
purified sewage water as being
preferable.

Chief Scientist Report: “We did
not reveal too much. Generally
the news was accepted calmly,
hence the public is accepting
the development nicely.”

Reduction of Windhoek's
reliance on external water
sources by 20 — 25%. An
achievement equal to the first
heart transplant.

(
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its implications for the rest of the world, was an-
‘nounced at a mayoral Press confcrcncc here this
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The water shortage and a lack of feasible alternatives supported the
initial decision and implementation.

In 1982/83 the residents of Windhoek criticised the City Council for
unused effluent downstream of the reclamation facility.

In 1984 the council decided CR 432/8/84 to increase the capacity to
7,600 m*/d

In 1996/97 during a drought scenario — with again similar public
sentiments — an emergency expansion was agreed on.



0.72% 0.85%

Public acceptance study:

7.50%

165% 4 6.86%

= Equitable distribution (1832 surveys in 21 o] |
townships, diverse sampling (gender, age, =l 245%
education and residence time), multiple | |
choice

= 85% - water is good enough to drink

= 79% - water is safe to drink

2.69%

u 5 1 % kn oW a bout Water re CyCI i ng M Academia ® Auasblick ® Cimbebasia ® Dorado Park
M Erospark M Goreangab M Hakahana B Havana
0 M Hochland Park M Katutura B Khomasdal ¥ Klein Windheek
o 44 /0 knOW abO Ut D P R m Kleine Kuppe = Okuryangava u Olympia ® Otjomuise
m Pionierspark u Rocky Crest u Wanaheda u Windhoek

. Brekwater
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Windhoek Water Supply Windhoek Water Supply
Before 2014-16 Drought Drought Mitigation

3%

M Reuse (Potable) m Reuse (Non-potable) m Aquifer © Surface Water M Reuse (Potable) m Reuse (Non-potable) m Aquifer © Surface Water

Water Demand Management during drought -> 15-25% reduction in water demand
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SOURCE TARGET % SOURCE SUPPLIED SOURCE % OF
(NamWater modelled figures) VS TARGET SUPPLIED DEMAND
NAMWATER o
(Surface Water) 179,663 33%
WINGOC \
(Potable Reuse) 119,870 22%
BOREHOLES \
(Groundwater) 148,238 27%
TOTAL WATER
DEMAND MANAGEMENT 91,580 17.0%
ACHIEVED

TOTAL PRODUCTION 539,350
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Ongoing challenges:

e Quantity:
o population and demand continue to
increase

o periodic draughts puting water supply
under tight pressure (draught 2015-2017)

e Quality:
o increasing challenges linked to salinity
and bromates with increased percentage
of DPR

Need to consider additional water resources:
e Water transfer from perennial rivers
e Seawater desalination

e Build a second DPR plant

30000 000

WDM
15-17
Drought

25000 000

20000 000

15 000 000

WDM
96/97

Consumption (m3/a)

10000000 -

5000 000

Drought

WDM
82/83
Drought

0

1967

1972 1977 1982 1987 1992

1997 2002 2007 2012 2017
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Second DPR plant option
assessed as the most
feasible option

Capacity equivalent to current
plant, thus doubling the
capacity for DPR

Option to use for groundwater
recharge when not in drought
situation

Upgrade required on WWTP
to increase capacity

Will require salt removal
barrier to deal with increasing
TDS

Challenge is brine
management - enhanced RO
recovery process

-
all sl g
Wastewater } i I ]
plant ——p I 1)

q;o

—
A

\M - "

b |

Ozonation

Ultrafiltration

UV Based AOP

Reverse
Osmosis

L.,

= 4

A _

Chlorine

34



@ veoua

Potable water of high quality can be achieved by DPR

Is a practical and economical option to be considered in water scarce areas
in combination with other options

Is not easy to implement, primatrily due to the challenge of public
acceptance

As a consequence, it requires commitment at all levels and a high level of
political will

Requires professional operation, continuous monitoring, training and
research to improve systems and adapt to new and upcoming challenges

The continuous success of Windhoek’s DPR scheme for more than 50
years should be used as an inspiration for change in currently
unsustainable water management practices
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More Information:

The Water Reclamation Plant:

Recent Report on Windhoek:

Contact:

Thank you very much!


http://www.wingoc.com.na
https://www.youtube.com/watch?v=5ksqtUtljI0
https://www.youtube.com/watch?v=t15FsW-ZI-c
https://www.retroreport.org/video/why-earth-s-driest-places-may-hold-the-key-to-the-future-of-water/
https://www.retroreport.org/video/why-earth-s-driest-places-may-hold-the-key-to-the-future-of-water/
mailto:thomas.honer@veolia.com
mailto:yvan.poussade@veolia.com

