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The objective of this research was to establish resilience
guidelines for direct potable reuse (DPR) process trains
from wastewater source through wastewater treatment
and advanced water treatment. Supporting objectives
included identification of failure modes for unit treatment
processes commonly considered for DPR applications,
along with associated monitoring for failure detection,
consequences, and response. The researchers addressed
previous information gaps including consideration of
granular and biologically activated carbon and membrane
bioreactors; dependencies such as power and data
communication; and inter-agency communication.

Resilience is defined as the ability of a treatment train to
successfully adapt to failure through rapid recovery.

For utility operators, this means the ability to 1) adapt
successfully or 2) restore performance rapidly in the face
of treatment failures and threats. Resilience is also a
commonly used metric for assessing water system
performance - usually defined as the probability that a time
period of unsatisfactory system state is followed by a time
period of satisfactory system state.

Operational resilience is a key consideration for water
security, independent of source, but especially for DPR
systems. DPR operation requires planning and design
for resilience due to variable water quality and flow rate
associated with wastewater sources. Outage severity
and recovery time can be decreased by optimizing
reliability and resilience principals to address common
failure modes identified through risk assessment and
hazard analysis and critical control point (HACCP)
assessment methods.

The risk of treatment failure can never be eliminated
completely. Therefore, process monitoring is critical since
response depends on detection. Hazardous events including
process malfunction, wastewater source variability, natural
disasters, malevolent attacks, and dependency on third-
party providers such as power suppliers can lead to
consequences that affect a utility’s mission objectives
associated with both water quality and quantity.
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Outline of the Resilience Guidelines Explored in this Report.

Resilience is enhanced by reducing outage severity
(duration and percent of service area) by providing
process redundancy, source redundancy (which provides
opportunities for blending), storage, real-time
monitoring, and automated response to decrease
response time. Response time may be shortened
through improved communication (both inter- and intra-
agency communication) and faster response time
afforded by integrating standard operating procedures
and Emergency Response Plan practice as regular staff
training sessions. Specialized training is recommended
for operators due to the increased complexity of
monitoring, interpretation of data and alarms, and
decisions required for response and recovery. Process
robustness depends on removal of key pathogens and
emerging contaminants and may be enhanced by
establishing and monitoring utility-specific intermediate
treatment goals for each DPR water cycle stage.
Additionally, extreme weather events are likely to
increase in frequency due to climate change. Therefore,
special consideration should be given to natural disaster
dependencies associated with flooding and drought.

The advancement of water reuse addresses water
security, public health, and environmental protection.
This report presents risk assessment methods that can
aid utility managers and others in evaluating resilience-
enhancing alternatives and identifying alternatives

\ 4 i; .


http://www.werf.org/a/ka/Search/ResearchProfile.aspx?ReportId=Reuse-14-13

associated with the maximum risk reduction per triple
bottom cost (people, plant, profit). Risk assessment
methods such as the HAACP approach for DPR may be
the best approach in some circumstances, but would
mark a significant departure from current regulatory
practices in the U.S. that typically rely of multiple

barriers, best available technology, and risk-based
drinking water quality objectives. When implemented
properly, incorporating HAACP or other similar
approaches with the existing regulatory framework may
lead to a more holistic approach in system operations
and public health protection.
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