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U
tility customers and the communities
they live in have high expectations for
wastewater service and utility perform-

ance. Customers want service without interrup-
tion, and nobody likes environmental impacts,
wastewater spills, or construction and mainte-
nance activities that disrupt normal activities or
increase rates. Sound decision making that bal-
ances high service expectations with undesirable
impacts is imperative. Furthermore, being able to
quantify and communicate these balances and
trade-offs is key to projecting and maintaining a
positive image among customers and the com-
munity. 

This article discusses the evolution of
Gainesville Regional Utilities (GRU) in assessing
its wastewater collection system subjectively (in a
manner that was hard to communicate) and
changing it to an objective system that quantifies
risk, identifies risk mitigation techniques, and
supports the communication of the needs and
benefits of the investments that were made.

A municipal utility, GRU provides electric,

water, wastewater, reclaimed water, natural gas,
and telecommunications to a population of ap-
proximately 200,000 in and around Gainesville.
Its wastewater system is comprised of two water
reclamation facilities, 168 pump stations, 650 mi
of gravity sewers, and 139 mi of force main.

In the early 2000s, GRU had a series of high-
profile sanitary sewer overflows (SSOs) that re-
sulted in a loss of community confidence and
public scrutiny of the operation and maintenance
of its wastewater system. Action was needed to
prevent SSOs and restore the confidence that
GRU was appropriately operating and maintain-
ing its wastewater system. Figure 1 shows a local
editorial cartoon critical of GRU’s periodic SSOs.

Wastewater Infrastructure 
Challenges in Florida

Maintaining reliable wastewater service and
preventing spills is a challenge to utilities through-
out Florida and the United States, as infrastruc-
ture deteriorates and more aggressive

rehabilitation and replacement is required. In
2008, the American Society of Civil Engineers
(ASCE) report card scored the condition of
Florida’s water and wastewater infrastructure as
good, but it dropped to mediocre in 2013. Fur-
thermore, ASCE estimated that $19.6 billion is re-
quired in Florida in the next 20 years to
adequately maintain wastewater infrastructure (1),

which amounts to about $3,500 per year for every
household in the state. Given that the average res-
idential wastewater bill in 2014 was about $35 per
month(2), infrastructure investments of $15 per
month per household equate to a 40 percent in-
crease in monthly bills. 

The amount of required investment is stag-
gering, given that customers are frequently op-
posed to any increase in rates. Florida’s utilities
must be able to communicate the need for fund-
ing and the need for the significant construction
activities required to maintain reliable service and
minimize spills and backups. The foundation for
communication is being able to properly assess
infrastructure and communicate the condition to
customers and the community.  

Probability of Failure

Like many Florida utilities, GRU has been in
operation for a long time (125 years), but much of
the wastewater collection system was installed
during a rapid growth period in the 1970s and
80s. Much of GRU’s wastewater collection system
is 30 to 40 years old, and 50 years is often consid-
ered the maximum service life for gravity sewers.
The utility’s experience has been that some sewers
fail quickly in 10 years or less, while many sewers
function properly well beyond 50 years.  

While it is commonly assumed that the old-
est pipes need to be replaced first, the decision to
upgrade collection system components is much
more complicated. Gravity sewer systems are con-
structed over a range of years as systems grow,
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Figure 1. Editorial cartoon by Jake Fuller, Gainesville Sun, 2006. (Used with permission)
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using a range of pipe material, construction, and
bedding techniques, and are constructed in a wide
range of soil types. While generalizations can be
made to rehabilitate based on age, material, and
soils, it is preferable to inspect gravity sewers prior
to making very expensive rehabilitation decisions.  

The utility has discovered that the majority
of ductile iron piping currently in service is sub-
ject to tuberculation and constrained flow, result-
ing in smaller effective diameters than when new.
Gravity sewers made of ductile iron and in serv-
ice for 10 or more years often must be cleaned to
remove tuberculation. In some cases, the tuber-
culation is so extensive that, when removed, the
pipe is no longer structurally intact. For this rea-
son, ductile iron sewers are assumed to have a
higher probability of failure than other pipe ma-
terials. 

Vitrified clay pipe (VCP) also poses a partic-
ular probability of failure since the pipe lengths
are short (4-ft pipe lengths instead of 20-ft pipe
lengths for other common materials used today).
The short pipe lengths make the pipe more sub-
ject to bedding deficiencies, and thus more likely
to fail than pipes installed in longer lengths. It
should be noted, however, that even very old VCP
pipe can provide good service if the bedding re-
mains intact.

Closed-circuit television (CCTV) is the most
common means of assessing gravity sewer system
condition. It can be used in most situations, and
GRU has been using it to evaluate the condition of
gravity sewers for more than 30 years. Over the
years, data standardization and management have
evolved from general subjective assessments to
more objective assessments. Subjectively, pipe
runs can be described using terms such as “good,
adequate, and bad.” While these types of assess-
ments might be adequate for small systems with
few people involved in assessing gravity sewer
conditions, they are not quantitative. Since nu-
merous people can be assigning the subjective
terms, subjective assessments do not lend them-
selves to comparison. Adopting a standardized
numerical condition assessment system allows
various parts of the system to be assessed by mul-
tiple teams using the same standards and defini-
tions, and rehabilitation work can be prioritized.
Standardized assessment supports transparent re-
habilitation decision making.

Standard assessment scores define the prob-
ability of failure. The utility uses CCTV to inspect
gravity sewers and CUES GraniteXP software to
score each segment of the gravity sewer, then im-
ports that condition score into the geographic in-
formation system (GIS) for data management
and decision making. As has widely been dis-
cussed, CCTV is used to discover pipe failures,
joint failures, cracking, leaks around lateral con-
nections, leaks and failures within laterals, changes

in grade, settling problems, obstructions, etc. The
software score ranges from 0 to 100, with 0 being
in perfect condition and 100 being the worst con-
dition, with numerous structural deficiencies.   

While it is desirable to design and construct
gravity sewers below the bottom of creeks, eleva-
tion constraints sometimes require aerial creek
crossings. Sometimes gravity sewers, when first
constructed, are below creek bottoms; however,
creeks shift and meander with time and can ex-
pose gravity sewers. While internal sewer inspec-
tion is the best way to assess the condition of
buried pipe, aerial crossings should be inspected
externally. Since conditions change (exposed pipe
ages, pipe supports can be undermined by ero-
sion, etc.), aerial crossings should also be in-
spected periodically. 

Part of the inspection of aerial sewer cross-
ings is to assess the current integrity of the cross-
ing. Another part of the inspection is to determine
the presence or likelihood that floating or water-
borne debris, ranging from tree limbs, branches,
trunks, and smaller floating debris, might accu-
mulate upstream of the aerial sewer crossing and
break the crossing during a storm event.  

There are two general ways of dealing with
debris that might impact an aerial crossing. The
first is to remove the current accumulation of de-
bris and perform future removal periodically.
While this may remove the immediate threat,
more debris may accumulate in the future, again
exposing the crossing to potential failure. The sec-

ond technique is to harden the crossing with ad-
ditional supports or construct features upstream
of the crossing that will prevent debris from im-
pacting the crossing. The utility uses one or both
techniques, depending on field conditions.

Consequence of Failure

Wastewater collection system failure includes
pipe failure, stoppage, or partial stoppage, and re-
sults in impacts to adjacent features, backups into
private homes and businesses, and SSOs that dis-
charge to the environment. The consequence of
these failures is private property damage and re-
lated claims, public property damage to roads and
other utilities and claims to resolve the impacts,
and regulatory sanctions and fines.  All of the con-
sequences are not only costly, they are also bad for
a utility’s image, and could result in negative cov-
erage from the media. Numerous spills and col-
lection system failures erode customer and
community confidence.  

Of course, not all collection system failures
have the same consequences. Minor failures, like
a stoppage in an individual service lateral, may
only result in a temporary inconvenience for a sin-
gle customer. Major failures can impact service to
thousands of customers, or involve a high-impact
and highly visible discharge to a community’s fa-
vorite waterbody. When prioritizing wastewater
collection system improvement projects, it is im-

Figure 2. Highly visible wastewater collection system failure requiring a major emergency response.
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portant to acknowledge and account for the range
of impacts caused by a collection system failure.

For purposes of quantifying the consequence
of failure, GRU considers the following factors:

Roads – Since most gravity sewers are under
roadways, gravity sewer failures can and fre-
quently do impact the overlying road base, road-
way, and adjacent utilities. Even when the failure
itself does not impact a roadway, construction ac-
tivities to repair the failure may impact overlying
roadways. At the ends of the continuum of con-
sequence of failure, consider a lightly traveled
local road that is part of a grid system and an in-
terstate highway. The local road will disrupt rela-
tively few drivers, and a detour can be easily
established and might result in only a few extra
minutes of drive time. However, the interstate
highway system, if disrupted, can easily impact
thousands of drivers, and detours can take hours.
Additionally, interstate highway disruption re-
quires extensive maintenance of traffic efforts, is
an extreme safety hazard, and can result in bad

publicity. The consequences of impact to a heav-
ily traveled road are much more significant than
to a lightly traveled road, and thus, gravity sewer
rehabilitation on the heavily traveled road de-
mands a higher priority.

Pipe Diameter – Larger-diameter gravity
sewers are generally capable of accommodating
more flow than smaller-diameter sewers. Since the
consequences of a potential discharge are a func-
tion of the amount of wastewater discharged,
higher-flow systems have the potential for a more
significant consequence of failure. Furthermore,
higher-flow systems also have more of a potential
to damage multiple connected facilities, resulting
in significant property damage. Thus, larger-di-
ameter collection systems generally demand re-
habilitation before smaller diameter collection
systems.

Environmental Impacts – Some SSOs can be
contained in a ditch, swale, or dry retention basin,
allowing recovery and cleanup. In these cases,
there is limited environmental impact. By con-
trast, some SSOs discharge directly into a surface

waterbody, and even small SSOs can’t be con-
tained or recovered and can have an immediate,
significant, and long-lasting impact on the receiv-
ing waterbody. It’s easy to understand the envi-
ronmental impacts at points in the collection
system where SSOs have previously occurred. In
those cases, the impact has happened before, is
well understood, and unless corrective measures
have been taken to prevent a reoccurrence, future
SSOs are more likely to occur at these points than
other points in the collection system. The process
of evaluating the potential impact of an SSO that
has not yet occurred in the collection system re-
quires a more detailed evaluation. There are a
number of circumstances that have potentially
significant impacts:

1.  Aerial creek crossings. If aerial creek crossings
fail, there is an immediate discharge to sur-
face water that frequently cannot be recov-
ered.

2.  Manholes adjacent to creeks and surface water

bodies.  If the distance between manholes
and surface water bodies is short and sur-
face elevations slope towards the waterbody,
as is usually the case, manholes and gravity
collection systems adjacent to waterbodies
pose an immediate threat should failure
occur. It is frequently also true that working
around the waterbody requires extensive
regulatory permitting or regulatory vari-
ances during emergency conditions.

3.  Areas served by private wells. Though some-
what rare, some parts of wastewater service
areas may contain gravity sewers, but adja-
cent businesses or residents are on private
wells.  In these cases, SSOs can not only im-
pact the environment, but may also impact
the private wells. Though impacts from
SSOs to private wells are rare, the potential
often requires extensive testing and demon-
stration that no private drinking water wells
are impacted. 

Accordingly, gravity sewers adjacent to wa-
terbodies and private wells generally pose a greater
consequence of failure than deep gravity sewers
adjacent to closed stormwater basins where an
SSO can be recovered and treated.

Risk Quantification

Risk is the product of the consequence of
failure and the probability of failure. The formula
for risk quantification that GRU uses is as follows:

Total Risk Score = 
(GraniteXP Score) X [(pipe material score) +
(road score) + (environment score) + (pipe di-
ameter score)]

Figure 3. Example of GRU’s GIS system showing the physical characteristics of the collection 
system and the risk score by pipe segment.
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The score ranges from 0 to 100, with 100
being the poorest condition of pipe as previously
described. Additionally, pipe material is separately
considered, with ductile iron pipe considered to
pose a higher probability of failure due to tuber-
culation and VCP having a higher probability of
failure due to vulnerability to bedding deficien-
cies. Ductile iron pipes are assigned a score of 3;
VCP is assigned a score of 2. 

A 1-to-5 rating, with 1 being the best and 5
being the worst, is used to quantify the conse-
quence of failure previously described (roads, pipe
diameter, and environmental score). The GIS con-
tains data, such as road type, pipe diameter, pipe
material, and proximity to environmental fea-
tures, and is used to accurately score these ele-
ments. This tool is critical to streamlining the
scoring process and the analysis is combined with
the GraniteXP score to calculate the total risk
score, which is used to then prioritize projects.

This risk assessment and prioritization ap-
proach is dynamic, and the factors can be varied
as better information is gathered. For instance,
utilizing a work management system that captures
the costs (consequence) of pipe failures or a bet-
ter understanding of customer impact from road
closures may result in varying the weight of a par-
ticular parameter.      

The total risk score can range from 0 (low
probability of failure and low consequence) to
2000 (high probability of failure and highest con-
sequence of failure). Figure 3 shows the total risk
score by pipe segment for a small portion of
GRU’s collection system.

Risk Mitigation

Risk associated with collection system failure
can be reduced by either rehabilitating the gravity
collection system or reducing the consequence of
failure. In practice, rehabilitating portions of the
collection system found to be at risk is much more
feasible than reducing the consequence of failure.
While some circumstances exist where potential

spills (should they occur) can be directed to closed
basins allowing subsequent recovery of a dis-
charge, those instances are rare. The majority of
methods to reduce risk associated with the grav-
ity collection system involve upgrading or replac-
ing the system prior to failure; however,
knowledge of the consequence of failure is ex-
tremely important, even if the consequence can’t
be reduced. It allows utility managers to prioritize
collection system upgrades based on the conse-
quence of failure when all other factors are equal.

In addition, it is important to review the se-
lected prioritized projects with the field person-
nel and managers to ensure they pass the
“common sense” test. Field personnel are given
the opportunity to review the scoring of both
probability of failure and consequence of failure,
and those scores are adjusted if errors are found.
The process is dynamic and uses fresh input from
field personnel, including crew leaders, supervi-
sors, and managers who are daily inspecting, re-
pairing, replacing, or constructing wastewater
facilities.  

The utility uses the risk score to prioritize re-
habilitation projects. The highest-scored projects
have the highest risk and are planned and bud-
geted to be completed first. Table 1 shows how the
highest-priority projects are scored and ranked.

Summary 

Wastewater collection system failure fre-
quently causes SSOs, which can have significant
impacts to public health, safety, and the environ-
ment. Further, SSOs are highly visible, and fre-
quent SSOs attract media attention and erode
confidence in the public wastewater utility. It is in-
cumbent on all public wastewater utilities to in-
vest the necessary resources to keep their systems
operational and prevent SSOs.

The proper operation and maintenance of
gravity sewers includes condition assessment and
rehabilitation or replacement as needed. Much
historical information about the condition of
gravity sewers is subjective in nature and fre-

quently not documented in ways that can be re-
tained as senior staff members retire. Quantita-
tive methods are needed to assess the condition
of gravity sewers, as well as the consequence of
failure associated with existing facilities.  

The methods for prioritizing and scheduling
gravity sewer rehabilitation that GRU uses have
evolved from a subjective system that relied heav-
ily on individual judgement that was documented
in paper systems and were difficult to analyze, to
an objective system that facilitates analysis and in-
corporates not only the condition of sewers to be
rehabilitated, but also the consequence of failure
to arrive at an overall risk score.

As public utilities are continuously asked to
do more with limited resources, it’s important to
optimize the use of resources in a way that bal-
ances the risk of infrastructure failure with com-
munity impacts, including rates and rate
increases. The risk quantification method de-
scribed is used to prioritize projects to be included
in the capital budget and communicate the needs
to decision makers and customers.

The 10-year focus of GRU on infrastructure
rehabilitation has decreased SSOs, but has also
contributed to the need for rate increases to fund
improvements. Since SSOs occur less frequently,
the Gainesville community is less critical when
they do happen, and appears to be satisfied with
the continuing investment to operate and main-
tain GRU’s wastewater system. The utility has
communicated system conditions in the past; in
the future, it needs to more aggressively ensure that
the community is well-informed about challenges
in the wastewater system and that it has opportu-
nities to participate in the annual budget process
where priorities are presented and adopted.
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Table 1. Risk score and costing information used to establish capital budget needs.
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