s [N THE ASSET MANAGEMENT

—— of wastewater infrastructure systems, a

s paradigm shift has occurred in the Fed-
eral Republic of Germany over the last 17
years. The starting point was the realiza-
tion that essential technical and commer-
cial data used as a basis for asset
management are insufficient. These qual-
ity deficits primarily concern defect and
condition classes in the area of technical
data and book and residual book values in
the area of commercial data.

The problem with the defect classes
of sewers and pipes is that they are re-
corded over a long period of time with
the help of CCTV inspections. Fifteen or
more years can pass before a drain and
sewer system is fully inspected. The same
applies to repeat inspections, although in
Germany the time limit for such inspec-
tions is 10 years. With such long periods
of time, the normative assessment and
classification systems of defects can
change, so that, as a rule, there are no ho-
mogeneous and thus comparable assess-
ments in the database. Regardless of this,
only a small amount of defect and con-
dition data represents the current situ-
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ation (see Figure 5). In addition, the con-
dition class is defined by the most severe
single defect detected in a sewer section.
This may be sufficient to derive a rehabil-
itation priority, but not to derive a reha-
bilitation decision regarding the need for
repair, renovation or replacement of the
sewer section [STEINO4a],
[STEINO4b], [STEINO5a]. It is also
critical that an“imprecise’, unprofessional
or non-compliant defect assessment by
the inspector can lead to one or more
class changes in the condition class. The
condition class is therefore not a very re-
silient criterion.

Book or residual book values are also
of limited use as management infor-
mation for optimizing investment deci-
sions. The depreciation period on which
the book values are based is often an esti-
mated, political value. Ideally, the depre-
ciation period represents the actual mean
value of the technical useful life of asset
elements within the network. This means
that even in the ideal case, many network
objects are not usable for such a long time
that depreciation losses will occur and,
on the other hand, are usable for a longer

000 'O
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time without being able to generate reve-
nue in the form of fees [STEIN(09a],
[Stacho19]. Thus, key figures like the Re-
maining Useful Life (RUL) are just a sub-
jective estimation and a realistic
derivation of object specific (Remaining)
Useful Life is therefore not possible.

To compensate for the deficits of con-
dition class and residual book values de-
scribed above, STEIN [STEIN14a],
[STEIN13a), [STEIN16a] developed the
object-specific key figures substance class
and substance value as supplementary man-
agement information in 2003, which rev-
olutionizes the quality and scope of
data-based asset management by including
aging models. The process as well as the re-
sults that are possible with this information
in the context of an extended Urban Infras-
tructure Life Cycle Management process
are explained using the example of the asset

management system STATUS.

Fabric deterioration class as
basis for the d the substance
value

An extended evaluation concept has been

integrated into STATUS, which divides
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the evaluation of a sewer system into a con-
dition class and a fabric deterioration class,
as explained in Figure 1.

The condition class of a sewer sec-
tion (Table 1) as an indicator for the ac-
tual function fulfillment (priority) is
determined analogously to the standard
evaluation models also in STATUS by
the most severe single defect within the
considered sewer section. However, the
difference is that the discrete condition
classes are not used, since the defect as-
sessment is already carried out in a step-
less manner, taking structural boundary
conditions into account. This allows a re-
alistic evaluation of the individual defects
without loss of information due to classi-
fication in a discrete defect and condition
class. To further increase the quality of
information and analysis, the defects are
classified according to their impact on the
environment (leak tightness), stability
and operation. This differentiation avoids
that e.g. defect assessment, like deposits,
influence the stability evaluation of a
sewer section. Management decisions

(Individual) Defect class

Differentiated into pro-
tection goals: environ-
ment / tightness, opera-
tional safety, structural

DC 5 No defect

DC 4 Minor defect
DC 3 Slight defect
DC 2 Medium defect

Condition data acquired by means of visual inspection

Differentiated defect classification with fuzzy functions

Determination of the defect con- D
centration value (DCV)

Most severe individual defect

of the potential severity
of defect (PSD)

!

Condition class of the object

Fabric deterioration class of the object

Requirements list (structural priority)

Figure 1: Workflow of “object assessment” based on the Fabric deterioration classification

from a structural, operational or environ-
mental point of view can thus be derived
cleanly and separately from each other.
The fabric deterioration (Table 2)
represents the overall condition of a
sewer section, considering all defects in
the section, and thus characterizes the re-
maining wear reserve until the occur-
rence of the mandatory replacement. A
rehabilitation action with a correspond-
ingly high wear reserve - even before it is
completely consumed - enables the use of

more cost-effective rehabilitation solu-
tions (renovation or repair). Thus, with
the exact knowledge of the fabric deteri-
oration of a sewer section, foresighted
and cost-optimized planning on a se-
cured data basis is possible. The fabric
deterioration assessment takes into ac-
count all the defects listed and assessed
in the sewer section with their respective
individual defect class as well as their spa-
tial distribution or concentration and

their individual defect length. The consid-

Section related Condition class (Rehabilitation priority)

tightness,

Differentiated into protec-
tion goals: environment /
operational
safety, structural stability

CC 5 No defect

CC 4 Subordinate action
CC 3 Long-term action

CC 2 Medium-term action

stability
DC 1 Severe deficiency CC 1 Short-term action
DC 0 Very severe defect CC 0 Immediate action
Defect classifification Defect classifification Priority Priority
Allreguirements Structural Integrity (5) Alrequirements Structural integrity (S)
D & Mincedetecs BB & Mo deiecs | P8 nCES: Mo el | B8 uCC S Noceet
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Table 1: Defect and condition classes and graphical representation by protection goals in % and (km]
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Figure 2: Principle of condition classification with rigid class

boundaries [STEIN-ISM]

eration of all defects significantly in-
creases the resilience of the fabric deteri-
oration class as an important
management criterion. For the analysis
according to protection goals, only those
defects are considered that have also been
assigned a defect class in the correspon-
ding protection goal.

Figure 4 shows the difference bet-
ween condition class and fabric deteriora-
tion class.

Figure 5 shows an example of the re-
lationship between condition class and
fabric deterioration class. It is cleatly vis-
ible that the critical fabric deterioration
class (Wear reserve used up) at the time
of inspection is much lower at 1% than
the condition class at 12.2%. This shows
that even sewer sections with severe indi-

Fabric deterioration class

Differentiated into protection goals: en-
vironment / tightness, operational safe

ty, structural stability

Classification

FDC 5 Full wear reserve

FDC 4 Very high wear reserve
FDC 3 High wear reserve

FDC 2 Medium wear reserve
FDC 1 Low wear reserve

FDC 0 Wear reserve used up

0

Figure 3: Principle of condition classification with no class

boundaries (continuous assessment) [STEIN-ISM]

vidual defects can still have good fabric
deterioration class. However, the figure
also shows that condition data collected

Condition Class
(Rehabilitation Urgency)

Indicator for the actual function fulfilment =
Rehabilitation priority

over longer periods of time do not allow
a realistic assessment of the current struc-
tural situation. The actual rehabilitation

Fabric deterioration Class
(Rehabilitation Expenditure)

Indicator for the residual function fulfilment

capacity => Performance reserve / technical residual

useful life + type of rehabilitation

nsideration of the severi istribution and ext
Consideration of the most severe i dual defect Sansiderstion o o .‘Y. dsrbuo A cocend
of all defects within a sewer section

Section with local heavy defect

Complete section with minor defects

11

Figure 4: Comparison of condition and fabric deterioration assessment (sewer section)

[STEIN14ql

Fabric deterioration class
All requirements

45%

21%

DO S: Full wear reserve

W FDC 4: Very high wear reserve

128%  FOC 3; High wear resorwe

¥ FDC 2: Madium wear resene
| B4

W FDC 1 Low wear reserve
| o

W FDC 0: Wear reserve used up

1DC 2 No usable Data

|

©  ® e e w w

Fabric deterioration class
Structural inegrity (S)

A%

%9%

WEDCS: Full wear reserve

[ s
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| K
W FDC 1: Low wear reserve
, 05%
™ FOC 0: Wear reserve used up
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Fabric deterioration class
Operatenal safety (O)

I -

WEDC S Full wear reserve

WIDC O Weat teserve used up

WEOC - HO usable Data

o

P e W FDC 4: Very high wear reserve
22% ®FIX 3: High wear reserve
» FDC 2: Medium wear reserve
| 15
W EDC 12 LOW WRar rede v
| 01%

2w 6w om

Fabric deterioration class
Tightness (T)

31.5%

W EDC 5 Full wear resarve
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Table 2: Fabric deterioration classes and graphical representation by protection goals in % and [km]
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Rehabilitation Priority
(All Protection Goals)

Fabric Deterioration Class
(All Protection Goals)

P CC 5 Defect-free, no need il
0% CC 4 Subordinate meaning 90%
80% €C 3 Long term 80% -
70% CC 2 Medium term 70% -
60% CC1 Short term 60% -
50% CC 0 Imminent need 50% -
40% No usable inspection data 40%
30% 30% -
20% 20% -
10% 10% -
0% 0% +—
Time of Present Time of
Inspection Forecast Inspection

FDC 0 No fabric deteriration

FDC 1 Minor fabric deterioration
FDC 2 Slight fabric deterioration
FDC 3 Medium fabric deterioration
FDC 4 Severe fabric deterioration

FDC 5 Very severe deterioration

No usable inspection data

Present

Forecast

Figure 5: Database gap between historic records and the current state and comparison of condition classes (left) and fabric deterioration

classes (right) at the time of inspection (left) with the current situation (present forecast) (right)

task can only be identified by a present-
day forecast of the development of con-
dition classes and fabric deterioration
classes.

Remaining useful lives and net
asset values

With the help of the fabric deterioration
class and the replacement costs, the net
asset value can also be calculated. This
value represents the physical value of a
sewer network or an individual sewer ob-
ject, considering all existing defects. The
net asset value is expressed in current
prices. At the time of proper construction,
the net asset value of a structure and the
replacement value are identical. At the
time of decommissioning of the structure

100

REPLACEMENT VALUE [MILL €]

30
| Ll |||M|| "
I

25 S0

0

for technical reasons, the net asset value is
exhausted and is 0.

With the help of the STATUS aging
model, the deterioration of the condition
and the consumption of the wear reserve
(fabric deterioration) can now be pre-
dicted. The results of this process include
object-specific (residual) useful lives. This
makes it possible to visualize potential de-
preciation losses, considering the respec-
tive depreciation periods (Figure 6).

Strategy development and
optimization

Strategic planning should include optimiz-
ing the strategy selected. This includes de-
termining the metrics for evaluating the
maintenance or rehabilitation program,

® Potential useful life match

ml” ””"lI|||I|I|u|u|||u|||........||||.|I||..u.m.u.........
75

100 125 150

Figure 6: Significance of fabric deterioration development for the useful life related to the
replacement cost (based on undisturbed ageing of the network) — the green color
symbolizes sewer sections, which fit into the depreciation period of the client (70 and 80
years), red color symbolizes sewer sections, which will probably not reach the end of the
planed depreciation and the blue color represents sewer sections which not contribute to

the book value (book value = 0)
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such as the budget, rehabilitation project
duration or completing the project by a
specific date. For this purpose, the process
analysis of the current management ap-
proaches and their optimization is re-
quired to capture the conditions, criteria
and limits of intervention decisions. It
must be ensured that all background and
boundary conditions influencing the
client’s decision on the main type of reha-
bilitation (repair/ renovation/ replace-
ment) and the timing of the rehabilitation
are transferred without contradiction into
a transparent decision model. This means
that all rehabilitation decisions made
within the framework of the strategies can
be traced at any time and justified on the
basis of the decision model (Figure 7).
Deriving the most appropriate
strategy is an iterative optimization pro-
cess. As a rule, network operators formu-
late at least 3 objectives, all of which are
to be achieved:
1. Reduce risks in the network by re-
ducing the most critical defects.
2. Preservation of asset value and mi-
nimization of depreciation losses
3. Stabilization of fee income and
transparent communication with
administrative bodies and citizens.
The optimal path of action to
achieve these objectives must consider a
wide range of structural, hydraulic, oper-
ational, and environmental issues of sim-
ilar priority, while respecting social, legal,
economic, and environmental constraints.
The result of this iterative process is the
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Priority,

Fabric deterioration,

Area planning,

Primary structural

rehabilitation decision

Net-internal ranking

Checking internal /
external veto criteria

Coordination with road,

Budget,
Rehabilitation length,

Restrictions,
water, gas,...
Ranking i | Consideration of
Ranking external anking internal Blanning
coordination coordination

specifications

Consideration of parallel
planning,
Coordination with other

road or water networks

infrastructures is possible, e.g.

trenches)

etc.,....

Figure 7: Example of influencing criteria on the client’s decision-making process [STEIN-ISM]

‘optimized strategy.’

To be able to evaluate individual
strategies in terms of their effectiveness
and efficiency as part of the strategic op-
timization process, a benchmark is re-
quired. This benchmark is provided by
the “carry on” strategy. This strategy vari-
ant implies that the previous rehabilita-
tion practice of the network operator is
continued for the future. Thus, it is inves-
tigated how the drain and sewer system
will develop with unchanged actions and
current budgets. The “carry on” strategy
is the most important reference strategy,
as it can be used to analyze the previous
approach and examine its future stability
and sustainability, and to examine the ef-
fectiveness of alternative strategies.

The following tables show the effects
of the“carry on” and “optimized” strategies
in terms of investments, rehabilitation
length, rehabilitation backlog, condition
and fabric deterioration development.

Table 4 compares the cumulative fi-
nancial / asset values over a period of 30
years for the “carry on” and the “opti-
mized” strategy. In addition, the “natural’,
undisturbed network aging in the form
of the “zero investment” strategy is listed
as a further reference system. As ex-
pected, undisturbed network aging,
which does not involve any investment in
the network, leads to the highest level of
asset depletion, amounting to € 135 mil-
lion. It is interesting to note that a contin-
uation of the original rehabilitation
practice (carry on) also leads to a loss of
net asset value in the amount of € 13 mil-
lion. To assess the efficiency of the opti-
rehabilitation costs

mized strategy,

should be taken into account. If these are
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BRepar UResovation W Repiacement

"Carry on" strategy: investments
in the network per year for repair,
renovation and replacement -
budget is always utilized, indica-
tion of insufficient budget

Regiscenent

"Optimized" strategy: investment
in the network per year for repair,
renovation and replacement -
budget increase in the first 7 years
1% and another 7 years 0.5%.

"Carry on" strategy: Lengths of re-
habilitation per year for renova-
tion and replacements

VI

n uReplacement

,

"Optimized" strategy: rehabilita-
tion lengths per year for renova-
tion and replacement - increase of
renovation budget significantly in-
creases annual renovation length

Length [km|

uRe

Optimization of measures with
regard to financial and
organizational aspects
(construction lot formation,
consideration of stepped

Consideration of planning
specifications (e.g. budgets,
renovation and replacement
lengths per year, restrictions,

WRepar GRercwation & Repiacement

"Carry on" strategy: Rehabilita-
tion backlog - cumulative
measures per year that have not
been realized based on planned
costs - risks in the network in-
crease, resilience decreases

o uReplacement

"Optimized" strategy: rehabilita-
tion backlog - cumulative
measures per year not realized
based on planned costs- risks in
the network decrease, resilience
increases, probability of successful
strategy implementation is high

Table 3: Comparison of investments, rehabilitation length and rehabilitation backlog

100%

90%
80% [
70% .
60% ®
o &
20%
10% b

L]

]

"Carry on" strategy: High percentage of critical de-
fects (required Immediate action CC 0 = 37%) and

slight increase to 44% in 50 years)

100%
20%

80%

70%

60%

50%

40% <)
30%

20% w

10%
0% \SJ

2005 2010 0 202% 2030 2008

"Optimized" strategy: "Reduction of risks in the net-
work" objective is achieved in the long term

W0 2045 2050 2055 005 201

"Carry on" strategy: At the start time, 11% of the
sewer sections with “wear reserve used up” (FDCO),

rising to 38% by the end of the forecast period

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

MO 2045 2050 205 2005 2010 2015

2020 2025 20 2035 2040 2045 2050 20%

"Optimized" strategy: "Preservation of net asset
value" target achieved in the medium term

Table 4: Comparison of condition and fabric deterioration development
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deducted, the results are negative for all
3 strategy scenarios, but the differences
are enormous. If ‘carry on” would lead to
a negative balance of € -110.05, this is
only € -45 million for the optimized
strategy. The delta of 65 million thus cor-
responds to an adjusted value retention
of € 2.3 million / year. If the income from
fees is included in the form of a“net asset
value balance’, it becomes clear that an in-
crease in the rehabilitation costs by 92%
can lead to an increase in the net asset
value balance by 360%.

Summary
Network operators are trying to achieve
three main objectives with their asset man-
agement approaches:
+ Reduce risks in the network by
reducing the most critical defects
+ Preservation of asset value and
minimization of depreciation
losses
+ Stabilization of fee income and
transparent communication with
administrative bodies and citizens.

These goals can only be achieved with
modern asset management systems that
can calculate and forecast a realistic, engi-
neering-based assessment of the struc-
tural / fabric deterioration of an object
and its asset value as well as its devel-
opment over time, With this information
base, network-specific, well-founded and
reproducible effectiveness analyses of
strategy in relation to the above-men-
tioned objectives are possible. This makes
the long-term consequences of current
strategy decisions transparent and allows
strategies to be adapted to the respective
targets. With the help of “STATUS, this
forward-looking strategic planning is pos-
sible in a consistent and reproducible
manner. The exact and resilient integrated
forecast model allows a well-founded pre-
diction of the network development, both
for an “intervention-free” network aging
and due to a selected strategy, by means
of a realistic, mathematically exact mod-
eling of the aging processes of sewer sec-
tions and manholes.

With this decision support, a consis-
tent assessment of risks as well as risk de-
velopment and its impact on setvice levels
and performance targets is possible. In-
vestments can be safely planned and effec-
tively allocated over longer periods of

=>

Invégr?\-enf Carry-on | Optimized

1 | Net Asset Value Start 255 259 259

2 | Net Asset Value End 19 246 400,42
3 | Delta (2-1) -136 -13 141,42
4 | Rehabilitation Costs 0 97,5 186,76
5 |Delta (3-4) -136 -10,5 -45,34
6 |Income & losses from fees (total) 40,98 167,03 305,99

Net asset value balance (total)
7 | Delta (6-5) | 9502 | 5653 260,65

Table 5: Financial comparison for a forecast period of 30 years in millions of euros for a

drainage system with a length of 480 km

time, ultimately enabling sustainable
asset development and transformation
while optimizing budget allocation.
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