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Trusting your expert gut in wastewater
network renewal planning

James Thorne, Senior Engineer/Asset Manager, WSP Opus
Co author and academic supervisor: Dr Eric Scheepbouwer, University of Canterbury



New Zealand

\\\I) OPUS



New Zealand

OAC

O ABS

[=J-1:3

[ = PR ]

acLs

acl

= Jul}

OCORNC

EEW/SOP B GALY

DO RCRR
O (b iamnk)

QrE

BLiner
o Pwe
CISTEEL

{queg)
- 10

Stoi

j30H

1]

Tz
6001
b £00T
| S00%
£00¢
1002
6661
1661
SB6T
£661
T66T
6861
LBRT
861
€861
1861
6161
Li6l
SEBT
161

m

26T
6961
1861

5961

£961
T96T

6561
£561

5561

£561

1561

BEET

3461

- GPGT

" N6

" 0861

a4 BEGT

." 9kl

' £661

1661

6261

(61

5361

7l

i 0751

i SI61

m 417

= 0561

— 05

" 9061

m 2061

i 0061

m TRET

i 0GR

e 751
[=]

JJJJ“MMLMMMJH

'

1l

F
2

120000000

100000000

‘80000000

‘60000000

a
z S
= N "
5EBs,.i3i3.8u.23543
R & 5825 C8ccdz 23
" = s s EEE®E®EG=&® " ww
————
—
—
—
|
—
—
—
=
—
—
B
—
—
[
"
[
L]
u
i
[
—
e
L |
[
L]
—
—
—
d
-
u
S

40000000
20000000

OPUS

\\'\I)

V]

6TZT
Lz
swee
€T
e
[ red
Lee
ST
EWT

60T
L0z
5022
E0ZT
Toze
B6IT
96T
¥61Z
612
0612
2:1r4
81T
6LTT
Lz
{7at4
ELIT
917
0912
BSTZ
0s1Z
fiara
S¥IZ
9ETT
PETZ
ET
BIIZ
9zIT
jrata
e
[rar4
8TIZ
aTIz
fa1r4
[41¢4
0TIz
BOTZ
90TZ
1T
017
ootz
B60T
9607
607
60T
0607
BBOT
980T
¥BOT
7807
080T
BLOT
902
¥L0T
oz
0£0Z
B9DT
9907
¥90T
T902
0907
8507
9502
¥50T
50T
0502
BHOT
90z
0T
woT
ooz
BEOT
980T
¥E0T
TE0T
0£0Z
BI0T
9202
¥20T
Tt
0207
BTOZ



D/S :

\\'\I) OPUS




Asset management

High level principles Practical application

 Wellunderstood ¢ Little guidance

e |[IMM * Which pipe do |
actually replace?
* |SO 55001
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Masters Thesis:

Intuitive decision making for
wastewater pipe networks
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Wastewater networks = complex systems

 Socio technical e What’s the cause?

* Network complexity * Incomplete data
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Deterministic decision making

“is less able to find appropriate solutions
where problems or decision making systems
grow increasingly large, complex and less well
understood” (van Riel et al, 2014)
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Intuitive decision making

“Engaging in conscious calculated thought
process was concluded to be more effective for
simple decisions, however the intuitive thought
process delivered great effectiveness for more
complex decisions” (Dijksterhuis et al, 2006)



Intuition is powerful Bias and heuristics
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Nobel prize winning psychologist

Daniel Kahneman

Rational:
(System 2)

e Slow
* Calculating
e Effortful

Intuitive:
(System 1)

* Fast
* |[nstinct
* Judgements
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Pitfalls of intuition

1x2x3xXx4x5x6xXx7x8x9
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Pitfalls of intuition

Answer:

362,880
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Intuition: wastewater networks

Information source

Pipe age

Groundwater level

Concrete guality at year of pipe construction
Drill core analysis

Load at surface

Camera inspection images
Maintenance reports

Soil characteristics

Soil subsidence rate

Hydraulic model

Citizens’ call data

Quality of household connections
Monitoring data of pumping stations
Surface water quality

Traffic density on road above sewer
Planning of road works

Planning of urban development
Function of sewer branch

Municipal water management strategy
National policies

Available budget

Relative ) .
frequency (n=18) Group Category

Structural performance ]—\

0.94

0.06
0.06

0.06

0.06
1.00
0.39

Technical
renewal need

0.06
0.44

0.44 Hydraulic performance |—

0.28
0.06

Traffic disruption o,

0.06

0.06

0.17 Potential synergy
— Discomfort for citizens _from cooperation
0.94 ) with other public works

0.39

(

017 —mm Costs coverage

0.22 ~ g

0.1 Internal and external Orgnanisational
influences preferences
0.06 _ L
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Unskilled intuition

Where’s the
opportunity for
learning?

Skilled intuition

Write it down!

reference point
challenge assumptions
audit - open book
institutional knowledge



Research:

Method for documenting intuition

e relevant factors
e decision tree structure
* factor weighting
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Which pipe should |
replace/repair?

Network
Performance

Ground damage

Infiltration

A 4

Exfiltration

Overflow

Losing service

19



Ground
damage

Ground damage

likelihood
Risk of pipe .
breakage Soil type
Risk of pipe Groundwater
blockage level
OPUS
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Overflow

-

= F
Ground damage Icif(\;?illzl:o“é Overflow Exfiltration damage
consequence consequence likelihood
N Community Risk of pipe Surface water Traffic density ——  Community Risk of pipe Groundwater
Traffic density —— i
raffic density facilities breakage level facilities breakage level
Private o . Risk of pipe || pive capaci Private L el . ) )
paci ifeline services Risk of pipe
property/assets Lifeline services blockage P Y property/assets block apgs —— Ground slope
Commercial Groundwater | Commercial
activities level activities Soil type —
service
4] s e ™
Irjfiltfalion Infiltration Losing service Losing service
likelihood consequence likelihood consequence
. . Risk of pi Surf: t Residential c it
Risk of pipe Groundwater Conveyance Treatment plant I;s;e:k;;';e urtace ater e;:;peagtla ?2;"::?' Y
breakage level costs costs
Risk of pipe | | ' ) Commercial o
Soil t Surface water blockage Pipe capacity impact Hfelines impact
ofl type i level
Groundwater |
level

Exfiltration

Traffic density

Private
property/assets

Commercial
activities

.

Exfiltration damage
consequence

Community
facilities

— Lifeline services

20
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Overflow

\

Overflow
likelihood

Surface water

Pipe breakage -—1— level

Pipe blockage Pipe capacity

Groundwater
level

Overflow
consequence

Traffic density

Private
property/assets

Commercial
activities

Community
facilities

— Lifeline services

21



Pipe breakage

CCTV footage T Pipe age Pipe diameter —— Pipe material

Pipe core

: —— Surface loading
analysis

Break history -~ Soil type

Proximity to
trees
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Industry survey

* Online survey

* 43 industry experts
* Feb 2017

* 13 questions

* Likert scale

Likert Scale

Extremely significant

Very significant

Moderately significant

Slightly significant

Not at all significant

R [ N | W | | O




Question example

How significant are the following factors to you when assessing the likelihood of overflows?

Not at all Moderately Extremely

significant Slightly significant significant Very significant significant
Risk of pipe breakage O O O O O
Risk of pipe blockage O O O O O
Groundwater level O O O O O
surface water level O O O O O
Pipe capacity O O O O O

WS | OPus ”



Results

Q7 You are assessing the likelihood of overflows. How significant are the
following factors?

Pipe capacity
Surface water level
Groundwater level
Pipe blockage

Pipe breakage

0% 20% 40% 60% 80% 100%
Not at all Slightly Moderately m®mVery mExtremely
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Analysis

Crhrerall Metwaork
Ferformance

Infiltration Crhrerflow Losing Exfiltration
dGar?“u: dE customer
g Service
0143 0183 0.281 \D.Edﬁ 0.138
Likelihood Consequence
0123* -/"_, 0123*
Pipe Pipe Groundwater Fipe Surface
breakage blockage level capacity waterlevel
0.266 0.297 0.095 0.233 0.108
=0123x0.266 || =0123x 0297 || =0123x0.095 =0.123x 0233 =0123x 0.108
=0.033 =0.037 =0.012 =0.029 =0.013

26



Analysed results

Overall
Factor significance
Overflow 0.414

Top 5

Losing customer service 0.346 out of 34
Pipe capacity 0.159
Pipe blockage 0.155
Infiltration 0.135
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What | fOU Nd - as a method to document intuition

Benefits

* Prioritise
* |dentify factors to include
 Targeted data collection
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What | fOU Nd - as a method to document intuition

Benefits -continued

* Apply across a network
 Repeatable framework
* Documentation tralil

* Shortlist
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What | fOU Nd - as a method to document intuition

Next steps — for you

 Use the model and results
* Follow the process
* Document the expertise you have
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Closing remarks

||IW||N“I. | Ilu

Big an Use

complex intuition
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ation source
Pipe
Groundwater level

Concrete quality at year of pipe construction

Drill core analysis

Load at surface
Camera inspection images

Maintcnance reports

Soil characteri

Soil subsidence rate
Hydraulic model

Citizens' call data

Quality of household connections.

Monit

ing data of pumping stations

Surface water quality

Traffic density on road above sewer
Planaing of road works
Planning of urban development

Function of sewer branch

Municipal water management strategy
National policies

Available budget

094 ¢

039
017
02
011

0.06

ency (n=18) Group Category

Technical
renewal need

Q7 You are assessing the likelihood of overflows. How significant are the
following factors?

Potential syncrgy Surface water level
from cooperation
with other public works

Groundwater level

— -‘ Costs coverage Pipe blockage

Pipe breakage

Orgnanisational

preferences

0% 20% 40% 60% 80% 100%
Not at all Slightly Moderately wVery mExtremely

Write it This
down method
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