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Coaching – Pioneers, experts
Spectators – Management, public
Sponsor – KfW, EIB
Game – Water Engineering Team

Acknowledge my Creator and Savior, Jesus Christ
Psalm 84:5 “ Blessed is the man whose strength is in You”
AND
MY FAMILY
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PUBLIC CONCERNS WITH REUSE

Public concerns with regard to wastewaterreuse
Priority concerns
1.
2.
3.
4.

Public health
Public acceptance
Stigma, terminology
Professional expert unity (engineers, scientists and physicians are in
agreement)

New Project: prioritizing concerns
• Regulatory:
• How do we achieve treatment process reliability through redundancy,
robustness and resilience?

• Utility:
• How do we address the economic and technical feasibility of DPR?
• How do we train management and operators to run these advanced systems?

• Community:
• How do we increase public awareness of the water cycle and illustrate the
safety of DPR or any reuse, to be accepted?

Main points to deal with, when implementing
DPR or reuse
1.
2.
3.
4.
5.
6.
7.

Regulatory
Public acceptance
Public policy
Treatment
Monitoring
Economics
Environment

Reclamation process (DPR) relies on the
Separation, removal, inactivation and disinfection of
• suspended matter and particles
• harmful dissolved inorganic and organic chemical substances
• harmful microorganisms

Therefore one has to deal with
1. What are the potential immediate and long-term health effects of
these substances and microorganisms?
2. Incorporation of a treatment train which is fit for its purpose, that
provides safe and aesthetically pleasing water and uses a
technology that does not create any additional hazards.
3. To establish and maintain a suitable and practical risk-based
monitoring system.
4. Addressing public health and other concerns in an appropriate way
when setting up the system.

GOREANGAB RECLAMATION:
1968 – 2018

2018
50 YEARS OF
Direct Potable Water Reclamation
in Windhoek
OGRP: 1968-2003

NGWRP: 2004-2018

History of the Goreangab Reclamation facility
Upgrade
1962-1979

Wastewater treatment (#1)
Biological filters PI

Maturation ponds (Retention time)
14-10 days

1979-1994

Activated sludge Nutrient Removal PII

10-6 days

1994-2016

Activated sludge Nutrient Removal PIII

6-3 days

Upgrade
1968-1976
1976-1980
1980-1986
1986-1994
1994-2001
2002-2016

Windhoek Direct Potable Reclamation (#2)
Goreangab Mark I
Goreangab Mark II
Goreangab Mark III
Goreangab Mark IV
Goreangab Mark V
Goreangab Mark VI

Capacity
4.8 Ml/d
4.8 Ml/d
4.8 Ml/d
7.2 Ml/d
14.4 Ml/d
21 Ml/d

#1 PI: Primary settling - Biofilters - Secondary settling - Maturation ponds (14 days)
#1 PII: Primary settling - Five-stage Bardenpho nutrient removal activated sludge - Secondary settling - Maturation ponds (10 days)
#1 PIII: Primary settling - UCT or modified Johannesburg nutrient removal activated sludge - Secondary settling - Maturation ponds (6 days)
#2 Mark I: [Carbon dioxide], [Alum], Algae Flotation, Foam Fractionation, [Alum + Lime], [Breakpoint chlorination], Settling, Rapid sand filtration, Activated carbon, [Chlorine], Blending
#2 Mark II: [Lime], Settling, Ammonia stripping, [Carbon dioxide], [Chlorine], [Alum + Lime], Settling, [Carbon dioxide], Rapid sand filtration, [Breakpoint chlorination], Activated carbon, [Chlorine], Blending
#2 Mark III: [Chlorine], [Alum + Lime], Settling, [Breakpoint chlorination], [Alum + Lime], Settling, Rapid sand filtration, [Chlorine], Activated carbon, [Chlorine], Blending
#2 Mark IV: [Alum + Lime], Dissolved air flotation, [Chlorine], [Alum + Lime], Settling, Rapid sand filtration, [Breakpoint chlorination], Activated carbon, [Chlorine], Blending
#2 Mark Va: [Ferric], Dissolved air flotation, Rapid sand filtration, Activated carbon, [Break point chlorination], [Stabilisation: Lime], [Chlorine], Blending
#2 Mark Vb: [Ferric], Dissolved air flotation, RSF(ftw) - RSF(ftw)+GAC, Activated carbon, [Break point chlorination], [Stabilisation: NaOH], [Chlorine], Blending
#2 Mark VI: PAC, [Pre Ozonation], [Ferric], Dissolved air flotation, [MnO4 + NaOH], Rapid sand filtration (ftw), [Ozonation, H2O2], BAC+GAC, Ultra filtration, [Chlorine], [Stabilisation: NaOH], Blending

Design of the Old Plant in the absence of specific water quality guidelines
• “This pioneer plant was planned, designed and operated without the benefit of
consolidated guidelines…” Dr MR Henzen, Chairperson of WRC 1982
• Literature from the time of design of the Mark I Reclamation Plant suggests
• No quantitive quality targets for reclaimed water
• Use of specific process steps with the ability to remove specific constituents of concern
• Increasing evidence of the risk of water-borne diseases and their public health impact, as
well as shortcomings of commonly used indicators, justify supplementary tests on the
quality of raw and treated waters, and the efficiency of treated systems, wherever
possible.
• It would seem logical for the water industry and the health authorities to calculate
expenditure on water quality monitoring as a percentage of the total budget for water
supply, duly taking into account the potential price of disease and consumer perception of
efforts to ensure the safety of water supplies.

“Water should be judged by its quality, not by its history.”

Late Dr Lucas van Vuuren

Meeting design specifications from the Old to the New
 This report was compiled in 2011. From about one million test results of numerous parameters analysed for
the whole Windhoek water cycle, over a period of 16 years, the following operational parameters are
selected to demonstrate the improvement in water quality between the Old Plant and New Plant.

Surrogate indicator compliance: 50, 85, 95, 99 % Probability

Meeting design specifications from the Old to the New
 This report was compiled in 2011. From about one million test results of numerous parameters analysed for
the whole Windhoek water cycle, over a period of 16 years, the following operational parameters are
selected to demonstrate the improvement in water quality between the Old Plant and New Plant.

Surrogate indicator compliance: 50, 85, 95, 99 % Probability

COMMERCIAL

Is this your solution to a water crisis?

Why are you waiting that long?
Direct Potable Reclamation
• Is a reliable and economic supply under variable climate conditions
• There is continuous improvement and innovation in technology
• It has a 50+ Years proven track record

Measuring support

UN: Sustainability Development Goals
• UN Resolution 70/1 adopted on 25 September 2015.
Transforming our world: the 2030 Agenda for Sustainable
Development
• Goal 6. Ensure availability and sustainable management of water and sanitation for all
• 6.1. By 2030, achieve universal and equitable access to safe and affordable drinking
water

• 6.3 By 2030, ……halve discharge of untreated wastewater and
substantially increase recycling and safe reuse
• WHO has published various Water Safety Protocols (WSP) and
Sanitation Safety Protocols (SSP) and other Tools to support this goal

Countries that have implemented WSPs

WATER QUALITY

Monitoring
Regular monitoring of the raw water source, the treatment process
steps themselves and the final water produced, is the only evidence
that the utility or institution can produce to convince the consumers
that the plant indeed met all the required targets.
It is therefore in the public interest
that the water supplied by the utility
conforms to required water quality targets.

What defines Water Quality compliance?
• National Acts and Policies
• Standards, Guidelines and local Regulations
• Treatment
• Technical components comply with design criteria
• operation complies with standard protocol

• Sampling and analytical procedures comply with
• Standard protocol
• Certified or accredited protocol

• Results are validated and relevant
• Regular reviews by relevant management levels and access to expert panels
• Public kept up to date with the performance of the system

Monitoring Systems: Risk based water quality
monitoring (Defn)
Drinking water quality monitoring should assure the safety of drinking
water for public health protection:
Catchment monitoring: Understanding the continuous challenge of changing
water quality in the water source due to two contributing mechanisms in the
catchment, namely changes in the natural hydrological cycle and human activities.
Operational monitoring: Accesses and confirms the performance of individual
treatment plant barriers against specified target values.

Verification monitoring: Assesses the effectiveness of the recycled water system.
Consumer satisfaction monitoring: It is a surveillance mechanism providing timely
information on potential problems that have gone unidentified through
monitoring drinking water quality.

Analytical capability: A constraint?!
In 1978, Dr Russ Christman said:

“our analytical capability has outstripped our ability to understand the health
significance of the data obtained.” – we must determine the toxicological
relevance!”
That was 40 years ago when we were measuring at µg/L levels. We are now at
the ng/L level and beyond. – we still sit with the same dilemma!
100 = 1
10-3 = 0.001 (milli-)
10-6 = 0.000 001 (micro-)
10-9 = 0.000 000 001 (nano-)
10-12 = 0.000 000 000 001 (pico-)
10-15 = 0.000 000 000 000 001 (femto-)
10-18 = 0.000 000 000 000 000 001 (atto-)

A very effective Monitoring Tool for Water Quality
Management introduced in 1996
% Compliance to Namibian Water Quality Guideline - Group A water
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What goes on in the catchment has an influence on DPR
Ionic concentration trend at VB Terminal Reservoir (mg/L)
Magnesium (Mg) as tracer of Industrial pollution
Sodium (Na) as tracer for domestic pollution
Ramatex

More inflow from Whk catchment

The effect of the catchment on Reclamation
TDS of different water mixtures in the distribution in Windhoek: 2013-2016

% of Hypothetical DOC / COD fractions (2004 – 2009)

COD: 14.8

Public Relations – Media reports

Water Supply per Source (Conventional versus Unconventional)
Projection done in 2011, has this become true during 2016-2018 ?

79%
51%

44%
17%

INTERNATIONAL GUIDELINES

Australia: Guidelines
• The two major guidelines from a public health perspective are the Australian
Drinking Water Guidelines (ADWG) and the Australian Guidelines for Water
Recycling (AGWR). Both use the WHO GDWQ as a key reference
• Both guidelines focus on development of risk management plans as the
primary means of assuring water safety
• Safety is achieved by meeting log reduction targets (LRVs) for enteric protozoa,
viruses and bacteria identified in the AGWR. Targets have been set for:
•
•
•
•

agricultural irrigation (salad crops, fruit trees etc)
municipal (sports grounds/parks etc)
residential (dual pipe)
potable reuse

• Except for potable reuse, targets can be achieved by treatment or on-site
controls which deliver exposure control (converted to LRVs)

Australia: Validation – Necessary for Safety
• Validation is crucial to effective design and confidence that schemes will
be safe. It is a key component for obtaining regulatory approval
• Validation is focussed on determining “will it work” before starting
schemes. The function of validation is to:
• demonstrate the capability of processes to remove or inactivate target pathogens
(log reductions) and
• correlating performance with operational monitoring (“is it working”)
Development of an efficient national approach should
• have benefits for government, private sector and scheme owners
• be useful for small, medium and large projects
• be applicable in remote, regional and metropolitan areas

South Africa
• Working towards an Integrated Water Quality Management (IWQM)
system

• Revision/collation of existing national legislation, policies & strategies
for water quality management
• WQM for potable water reuse should be more comprehensive enough
and yet practical to protect public health
• As with conventional drinking water supplies, there should be specific
water quality and control measures in place for a water reuse plant
• An idealized monitoring program would measure critical microbial and
chemical contaminants in real time in the finished product water
before it leaves the reclamation plant

South Africa: Proposed Water Quality Control

South Africa: Proposed Water Quality Assurance

WHO 1975 – Health Effects relating to direct and indirect re-use of wastewater
for human consumption
The multiple barrier principle was recommended by the World Health Organisation, International Reference
Centre for Community Water Supply, September 1975, The Hague, The Netherlands under the title: “Health
Effects relating to direct and indirect re-use of wastewater for human consumption”. (Report of an international
working meeting, held at Amsterdam, The Netherlands, 13th – 16th January 1975. Technical Paper No 7)
A summary of some recommendations are
1. Treatment of waste water to make it suitable for re-use must provide more than one line of defence
against the break-through of pollutants.

2. Therefore it is recommended that “each pollutant should be reduced in concentration by at least two
processes and preferably by three or more”.
3. Further it is felt that an essential pre-condition for any re-use of waste water is the control of industrial
waste to the maximum degree, so as to remove at source as many potentially toxic chemicals as possible.”

4. As rapid changes in raw water quality can be expected a systematic water quality monitoring is needed for
both chemical and microbial parameters.
5. Continuous monitoring systems are discussed and the development of toxicity monitoring systems using
living organisms are recommended.

6. It was stated that “because of the time required for a full examination a retention time of about 48 hours
prior to distribution of the treated water should be strived after.

WHO IPR/DPR Guideline, 2017
WHO realises and advocates that
• Potable reuse represents a realistic and practical source of drinking water with
decisions on implementation depending on local circumstances.
Target of the new Guideline:
• The water must be potable, affordable and certified by validated processes!
It recognises that consumer surveys have identified two important aspects that hinder
the large scale implementation of Potable Reclamation Schemes
• 1. Operation and maintenance of technology
• Human negligence that leads to failure

• 2. Fear about the unknown

WHO Operational Monitoring
• Comprehensive monitoring and control systems to measure and track performance of
treatment processes and product water to water quality specifications.
• Rapid response to significant occurring deviations that could affect the water quality and
safety.
• WSPs measure appropriate water quality parameters at CCP in treatment train.
• Water quality and composition of raw sewage can change rapidly can vary dramatically
(industrial sources).
• Source water in potable reuse requires high degree of biological and chemical
contaminant reduction, thus process control and reliability are especially important in
the protection of public health.
• Tiered operational monitoring programs with methods that produce data quickly so that
trends indicating process anomalies can be detected before finished water quality is
adversely affected.
• Online monitoring with real-time data reporting strongly recommended when
technologically feasible, frequent grab samples using rapid analytical procedures, such as
turbidity, and chlorine residuals, are an appropriate alternative in many situations.
• Less frequent comprehensive sampling of finished water is useful for determinations of
overall performance and compliance with regulatory requirements.

WHO Incident Protocols
• THEY ARE EXTREMELY IMPORTANT.
• Proper recording and protocol for mitigating measures.
• Key issues to be addressed in protocols include:
• incident identification and criteria such as:
• non-conformance with health-based targets
• non-conformance with critical limits (e.g. exceedance of filtered water turbidity, failure to meet UV
intensity required for advanced oxidation)

• accidents/spills that increase levels of contaminants (e.g. discharge of industrial waste into
sewerage systems)
• treatment failure
• prolonged power outage
• extreme weather (floods, cyclones etc) and natural disasters (fires, earthquakes etc)
• reporting of unforeseen and undefined incidents

• Risk ranking and protocol to be used for evaluation of risk

WHO Surveillance and Audit
• Regulations should:
• be consistent with the principles in the Guidelines for Drinking-water Quality (WHOGDWQ), 4th Edition (2011; 2017);
• provide clear direction to drinking water suppliers on how safety can be achieved
• define how compliance will be assessed and
• ensure communication between regulators, suppliers and consumers.
• Potable reuse guidelines should align with principles described in the GDWQ and
include provisions describing:
• WHO? responsibilities of drinking water providers, wastewater management entities,
regulatory agencies and other stakeholders
• WHAT? requirements for WSPs and SSPs (Sanitation Safety Plan)
• WHAT? water quality standards
• HOW? monitoring and testing requirements
• WHEN? reporting requirements during normal operation and in response to incidents and
emergencies and surveillance

WHO Art of Engagement
• Make information readily available to the public so that they understand the
background, context and options available
• Be open and transparent in all forms of communications, especially when addressing
difficult questions on the health, safety and environmental impacts.
• Clear and consistent messages are important in communication plans
• Terminology must be consistent
• Inform key stakeholder groups such as media and opinion leaders in the political, social
and community spheres so that they can help to garner more public support
• Engaging the Media
• Independent expert testimony is an effective way to provide answers to difficult and
challenging questions on health, safety and quality.
• Present water tasting opportunities, where possible
• The Art of Preparing Information to Attract and Hold Attention
• Evaluate Information and Engagement Programs

CONCLUSION

Elements of a successful Reclamation
scheme
• A REPUTABLE SPECIALIST TEAM TO ACCOMPANY THE PROJECT FROM
DESIGN TO IMPLEMENTATION
• A ROBUST TREATMENT TRAIN WITH PROVEN TREATMENT TECHNOLOGY
AND A GOOD TRACK RECORD ELSEWHERE
• SOLID WATER QUALITY MONITORING PROGRAM BASED ON WSP AND
ENGAGMENT IN ONGOING RESEARCH
• A SOLID CONTRACT MODEL FOR PRIVATE PARTNERSHIP/OWNERSHIP
• COMMUNICATION THAT BUILDS TRUST

Gaining public trust: deliver what you promise

