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“Campus Main Break” NBC News July 2014
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What happened?

F a C -t S Figure 5: Average Estimated Service Lives by Pipe Materials (average years of service)
D o o o o D D A A . oE 0
1 O M | | | | O ﬂ g al | O n S | O St Mortheast Large 130 | 120 100 110 50 80 80 100 100 100
. Midwest Large 125 | 120 85 110 50 100 85 55 B0 105
3 . 5 hours to lSOlate South Large 110 100 100 105 55 100 80 55 70 105
L West Large 115 100 75 110 60 105 75 70 85 75
D a. m a. g e S o m l | | l O n S Mortheast Medium & Small 115 120 100 110 55 100 85 100 100 100
Midwest Medium & Small 126 | 120 85 110 50 70 70 55 80 105
. South Medium & Small 105 | 100 100 105 55 100 80 55 70 105
Why 3 . 5 hOUfS to ISOlate West Medium & Small 105 | 100 75 110 60 105 75 70 85 75
Mortheast Very Small 115 120 100 120 60 100 85 100 100 100
Leverage G |S _ R I: | D Midwest Very Small 135 | 120 85 110 60 B0 75 55 B0 105
vy South Very Small 130 | 110 100 105 55 100 80 55 70 105
Condltlon assessm ent West Very Small 130 | 100 75 110 60 105 65 70 85 75
' LSL indicates a relatively long service life for the material resulting from some combination of benign ground conditions and
M a r] a g e rl S k evolved laying practices efc.
SSL indicates a relatively short service life for the material resulting from some combination of harsh ground conditions and
early laying practices, efc.

“Buried No Longer: Confronting America’s Water Infrastructure Challenge” — AWWA Publications
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What is Asset Management?
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/Asset Management

"Asset management is a systematic process of maintaining, upgrading,
and operating physical assets cost—effectively. It combines engineering
principles with sound business practices and economic theory, and it
provides tools to facilitate a more organized, logical approach to
decision—making. Thus, asset management provides a framework for
handling both short— and long-range planning.”

Asset Management: Advancing the State of the Art Into the 21st Century Through Public-Private
Dialogue, FHWA and AASHTO, 1996



Purpose

Asset Management programs are defined as asset management services
designed to reduce the total cost of ownership through objective—based
condition assessment and financial analysis, using a standardized
methodology and software.

Manage risk
Improves transparency
Communicate requirements
Maintain level of service
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Benefits
Service Level Financial
Share information Rehab prior to failure
Improve condition Helps prioritize

Minimize outages Justify financial plans

. . Extends useful life
Reactive to preventative

Systematic decision—making



Systems Overview
Carlsbad



Asset Management Program
Development



Organizational Chart

Asset Manager

(MBA, PE, GIS,

Database, Risk

Manager)
]

1. Project Manager
(Reg. Civil Engineer)

Administrative
Services Professional

8. Construction
Attorney
(Recommended)

3. Utilities Inspector 4. IT Manager 5. Right-of-Way Agent CMMS

(Recommended) (Recommended) Planner/Scheduler

(Recommended)

(Recommended) (Recommended)

6. Condition

Warehouse A
SSessor

Technician

(Recommended)

2. GIS Technician
(Projected)

7. Environmental
Planner

(Recommended)




1. Inventory and
Assess

2. Determine
Residual Value

3. Determine
Replacement Cost
and Replacement

Date

. Set Target Level
of Service (LOS)
MB/100/Yr #SSO

8. Determine
Appropriate
Maintenance
Frequencies

7. Calculate Risk
(BRE) Rating

6. Generate
Decision Trees
Result: WO or CIP

5. Perform
Criticality
Analysis

9. Prioritize and
Place in CIP
Program

10. Establish

Budgets and

Acquisition
Strategies

11. Establish Asset
Replacement
Programs

12. Perform
Lessons Learned
Analysis (Sharpen
the Saw)




Key Components
Inventory

Risk Assessment
Condition Assessment
Data Analysis

Action



Inventory

v What do | own
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v What is the value
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v How long is it designed to last
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Risk Assessment
Purpose

ldentify assets that present the greatest risk

ldentify and prioritize assets for condition assessment

Results

Prioritize projects to optimize use of limited resources

Provides systematic risk—based mitigation strategies
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Consequence of Failure (CoF)

Scores
Scale: 1 —10 10 = highest impact

Based upon

Triple bottom line impacts
Environmental
Economic
Social/Community



- Triple Bottom Line

Environmental

Spill/flood/Odor
Permit Compliance

Economic

Financial
Economic

Social/Community

L oss of Service
Safety
Agency Image 19




v Repeatable
v Verifiable
v Auditable
v Trainable




/E)ndltlon Assessment

Water Assets
Valves
Mains
Tanks
Facilities

Wastewater Assets
Gravity mains
Access holes
Force mains
Lift stations
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Condition Assessment

Water
Valve Maintenance (AWWA M44)

Critical Valves 12 months

Transmission Mains 48 months

Distribution Mains 36 months
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Condition Assessment
Water (future AWWA M77)

Mains

Leak detection program
CCTV and other

Tanks
CCTV - visual
Non — destructive testing
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Condition Assessment

Wastewater
Gravity Mains — CCTV

Description of Area Frequency of CCTV

Steep slopes, new infrastructure 36 months
Older areas, new infrastructure 24 months
Older areas, small diameter, relatively low slope 12 months

Older areas, fats, oils, grease (FOG) issues, relatively low slope 12 months



Condition Assessment

Wastewater
Access holes — crews

Force mains — consultants
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/Condltlon Assessment

Facility Assets

Buildings
Exterior/Roofing
Electrical/Mechanical
Plumbing/Fire protection
Structural/Architectural

Transportation Assets
Pavement/Street lights

Goal: Condition Assessment activities deliver condition scores y
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~ Condition Scores

Condition Scores i l
Scale:1-10 10 = failed o |

Type (0-100)

1

Based upon: e

General assessment— age, condition, visual

Level llI: Detailled assessment— quantity and
severity of defects

Next: Convert Condition Scores to Probability of Failure (PoF)

27



Condition Scores converted to PoF

Element
Technical exscl;t:jt:r;tfrlrgnt Exceeds current e ul\i/rlz(r;t:n(fcl;r[)ir’:twith Obvious concerns; Inefficient; becoming
Performance ) requirements 9 . cost/benefit questions ineffective, obsolete
requirements room for improvement
Operational ':fgﬁ;glne Exceeds current requl\i/rIZ;thcfcl;r[)eur’:twith Obvious concerns; Difficult to sustain
Performance required requirements room for improvement costs/benefits questions performance
Reliability A5 EREETES (9 IR Occasional breakdown | Periodic Breakdown COmTIRE [EEUEL
manufacturer breakdown breakdown
Out of service for Extensive downtime
: Out of service . Increasingly difficult to |duration; difficult to return
T Virtually always moderate period; . D e
Availability ) only for very short e return to service; parts | to service; parts difficult
operational . moderately difficult to : : .
periods return to service becoming a challenge to acquire, rare skills
required
Largely preventive , : Scheduleq malntenar?ce Work orders well above
Easil maintenance with INS2E A el SEEBig UE L average for type of
=aslly . . maintenance required; /more experienced trades : 9 ype
maintained; some corrective . 1 : : asset; recurrent minor
Maintainabilit OEM maintenance EEUEIS CEEENTE O RIS el repair; close monitorin
Y maintenance is |beginning to show maintenance including (IS SIS rg ui’red' most seniorg
straightforward % ; be?seline SIS (PN SR Eing SIS CIEEE qeo Ie’re uired to
9 rFT){onitorin of monitoring intervals | increasing substantially sEstaFi)n egformance
9 with short monitoring P
. .. |Almost new; up
o, ’ )
% CPZ’}; z;c;lel;;fe to 10% ggn?u?noeﬁ Up to 50% consumed | Up to 70% consumed | Up to 90% consumed
consumed
Condition 1 3 5 7 9
Score
Probability of 0.1 0.3 0.5 0.7 0.9
Failure




Business Risk Exposure

Probability of Failure
(PoF)

Consequence of :
Redundancy Factor Failure (CoF) Risk Score (BRE)

Remaining Useful Life

Adjust for:
Design Standard
Construction
Quality
Material quality
Operational history
Maintenance History

Consider:
Consider: » Safety, health
* Peak vs. average * Environmental

* Failure mode Impact
* Operating * Process

environment criticality
* Repair cost

* Revenue impact

Operatin
enlzfirorimgent Redundancy
Single 0.7
Consider: Multiple 05

 Failure Mode
* Condition, Reliability Zero 1.0

29



Analytics



Analytics

Analytics aspects

Risk matrix
Maintenance strategies

-allure modes and effects analysis, FMEA

_ife cycle costs — penalty costs

Decision logic trees

Analytics to action
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Analytics

v Automation and optimization

Budget and/or staff constrained
Multiple what—it scenari
Return on investment
Risk assessment

NN N X
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Risk Matrix

& s
Consequence o
of Failure

(CoF)

|
' .
3 L

0.3 0.5 0.7 0.9 0.99

Probability of Failure (PoF)




" Maintenance

Reactive
Not recommended

Preventative — CMMS

Activities scheduled and carried—out to protect and prevent
deterioration

Predictive — SCADA

Activities scheduled after observing signs of
deterioration or impending failure

34



Failure Mode and Effects

] Definition Tactical Aspects Management Strategy
Analysis (FMEA)
Capacity Volume of demand exceeds design or : ,
(Operational Failure) operational capacity S, SR Gl Redesign
. : . : Codes & permits: NPDES, Breaks/100
OL e:f;t?gliir;;?f re Functional requg:mairi]:s exceed design miles/year, SSOs, outages, OSHA, O&M optimization renewal
(Op ure) pacity noise, odor, life safety, service, etc.
. Consumption of asset reduces Physical deterioration due to age,
Mortality . : o
Structural Failure) performance below acceptable level. usage, (including operator error), O&M optimization renewal
( End of useful life corrosion, environment, or nature
Financial Efficiency OEREHEIE EBE Qe et einEEsle Payback period Replace

alternatives

35



Condition Score

10

Life Cycle Cost and Penalty Costs

Optimal Time to Invest
e 1t Less Dollars
to Fix
More Dollars
to Fix

Replacement Threshold
5 10 15 1820 23 25

Years

36



Lifecycle Condition Trend
100
Cl Improvem
80 A Repair
60 -
2]
40 -
20
0 | | | T - S
1990 1995 2000 2005 2010 2015 2020
¥ ear
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Perform:
Condition
Assessment
and
Criticality
Analysis

Capital Projects Decision Logic Network

Set Service

Level and

Risk Level
Benchmarks

Assign
Risk
Score
(BRE)
to
assets &
projects

Asset Defects
Bundled to
Generate
Independent
Projects
based upon
risk scores

Place
Project
Scopes

into
CMMS
as open

Work
Orders

Perform:
Economic
Analysis

Fails

Economic

Analysis

Perform:
Project
Prioritization
(Based upon
risk score)

Rank Competing Projects
Based Upon Risk Score

Project is
Funded
and
Executed in
CIP

KTR/Consu
Itant
delivers
Shape files
to GIS Tech
entry into
GIS (LGIM)

Project does
not meet or
exceed the

threshold

level of risk

Work
order is
closed in
CMMS at
project
completio
n
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Analytics program

Shape files — layers
Sensitive customers
Soils
Streets moratorium
Main break
Models
Leak logger

Analytics to Action

Likelihood of Failure
raulic . - el

Consequence of Failure

Calculatlnn'

‘-‘.L Options r

‘ bR
Calculation of Risk J

‘ Rehabilitation | | Budget l
Prioritized Capital Plan

Graphics Credit: Innovyze
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Action

v Generate scope and cost
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Action — Water

eak detection program (Leak—Logger
JOC contractors
ump replacement

@“ [= I R South.mpp - Microsoft Project Gantt Chart Tools o B

Task Resource Project View Add-Ins Format & 0 B £2

rﬁ * calibri -1 . ? g g g & ? Mark on Track = *. % @Insped - i n Summary I&] ﬁ éﬁ -
— Ea- o ., “Respectlinks & move - ‘@ Milestone : @
G- | T 0[O A Bk (88 =B o Scneaule senedute] T Mode ~ | 5* g Detverable ~ | "0 i | goTac @
View Clipboard Font F] Schedule Tasks Insert Properties Editing
alve replacement T i e i
Mode sIMITIW[T[F[s[s[M[T[W[T[F[s[sM[T[W[T]F[s [[5]
1 < = Louisiana 6 days Mon 9/27/1( > |Mon 10/4/10 L v :
2 + Baton Rouge 2 days Mon 9/27/10  Tue 9/28/10 :
b 3 + New Orleans 2 days Wed 9/29/10  Thu 9/30/10
ondali ’[ Telp ssessmen t B | e ey [wananiaro
E < = Mississippi 6days Tue 9/28/10  Tue 10/5/10
6 #* Biloxi 2 days Tue 9/28/10  Wed 3/25/10
7 + Hattiesburg 2 days Thu9/30/10  Fri10/1/10
8 + Oxford 2 days Mon 10/4/10  Tue 10/5/10
a V e S r a n t S e =) = Texas 6 days Wed 10/6/10 Wed 10/13/10
, 10 + Dallas 2 days Wed 10/6/10 Thu 10/7/10
11 + Houston 2 days Frii0/a/10 Mon 10/11/10
P 12 E Hughes Springs 2 days Tue 10/12/10 Wed 10/13/10
] [ ] [
Tri—agencies Pipeline '
g p <[] QL [u] ' S
| Filter Applied | s New Tasks : Manually Scheduled |@ BHEE——U0—F .
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Action — Wastewater

Pump replacement program

Access hole program

CIPP program

Condition assessment

Gravity mains
Access holes

Facilities and roofs
Force Main

LWWW Enterprise Edition
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STOP - Inspection Stopped
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(D) navigater - Pr... <Dr Observation N... T Main Asset | A4, Main Inspection | [ Main Obsarvat...| Main Observation List  §28 Stil Images Gallery

i<

..ES\Granite XPiDatabases\GHP_Data.mob | PACP

|CHZMHILL SCREAM cod 2 || 1 Pause

i!",, Inspection: Stopped H |




P3M3 Maturity Model



P3M3 Maturity Model

Water District Programs Development

Asset Management
Analytics

Fully
Optimized

Managed 4
Process

3
Defined
Process

2

Repeatable
Process 1
(0]
Awareness of
Process Valve Replacement
Program Pump Replacement

Program Leak Detection Program

CIPP Program

m Actual (Now) @ Goalin2years ®Goalin5 years

Forecasting Program Development across several Categories



P3M3 Maturity Model

Water District Programs Development

Fully

Optimized
5
Managed 4
Process

3
Defined
Process 5
Repeatable 1
Process
(0]
Awareness of Condition Assessment
Process Water/Rec Water ~ Condition Assessment
Wastewater - CCTV ~ Condition Assessment

Wastewater - Access Condition Assessment

Holes Wastewater - Force Condition Assessment
Main Water and Wastewater -
Facilities

m Actual (Now) ®EGoalin?2years mGoalinb5 years

Forecasting Program Development across several Categories



P3M3 Maturity Model

Water District Programs Development

Fully
Optimized
5
Managed 4
Process
3
Defined
Process
2
Repeatable 1
Process
(0]
Awareness of Document Control
Process CMMS Processes
and Procedures  CMMS System Use
and Implementation Meter Shop /
Systems and SCADA Water &
Technology Wastewater SCADA - CMMS

Interactive Map-
enabled Desktop

m Actual (Now) @ Goalin2years ®Goalin5 years

Forecasting Program Development across several Categories



How to Leverage Technology



/Bringing it all Together

Global Information System — GIS
Data gaps
Lavyers

Standardized database format
Scope and cost — escalated



GIS—centric Platforms
Supervisory Control And Data Acquisition

(SCADA)

Master plan
Monitor and control
Real-time
Interactive map desktop

Instant Water Quality Information

| oo [ seromns | 362008 | snsres | e |

T

Lake Huron WTP: Water Quality
Raw Water

Tempersture WWLE_TT1 | 1792 Ko
Chiorine Residual WLo1_AT1 [N moil
Horth Flow LLPS_FT1 N LD
South Flow LLP80_FT2 L
Tatal Flow [ 1160 MLD

Pressure LLP0O_PT1 | & [
Conduetiuity | | PA0_ATA N S iem
Turbidity LLPO)_AT2 | o7 [l
PpHLLPOD_ATS | 0.0 [
Settled Water

Narth Conduit
Turbidity CLFOI_ATY EREEN NTU
Particles CLFOI_ATT T crtsime
pH CLFOD_AT2 WE
Clorine Residual cLF00_AT3  [NIEERmat
Leuel CLFOD_LTY | 137 [

South Coneuit
Turbicity CLFO0_AT4 |NIREEN WTU
Particles CLFOD_ATS | o [
pH CLFOD_ATS oy
Clorine Residual CLF0S_ATE | 045 [oie
Level CLFO0_LT2 E

Filters North Stream
Turbiaiy FLTo1_aT1 [NINIERE NTU
Particles FLTH_AT2 -Conum'mL
fowrt Fr1 R MLD
Turbidity FLT03_aT1 |NINIEEM nTU
Particles FLT03_aT2 [N Counts'mL
Flow FLT03_FT1 | 55 [T
Turbidsty FLTos_aT1 |ITNIEIN v 1 v
partictes FLT0s_aT2 |JESN Counts'mL
fowrLTos 11 NI MLD
Turbigity FLT07_aT1 [NTNEERN NTU
Particles FLT07_aT2 |ESE Counts'mL
fowiTzFr1  [IEEMLD
Turidity FLTos_aT1 [NINIEE NTU
partictes FLT09_aT2 [N Counts'ml
fowros Fr1 NI MLD
Turbidity FLT11_a11 [EINEEMNTU
particies FLT11_aT2 [N Coums/ml
LD
Total Flow [ 438 MLD
Residuat cLwet_AT1 [JIEEIN mgL

Fluwe FLTH1_FT1

South Stream
Turnigity FLToz_aT1 [IENER WTU
Particles FLT02_AT2 -Cnundml
AowrLToz Fre [EKEE MLD
Turbidity FLTo4_a11 IR WTU
particies FLT04_aT2 [N CountsimL
rowrLTod FT1 [IEEEN mMLD
Turtiity FLT0s_aT1 [INIEES 11 v
partictes FLT0s_a12 |IEENEN CountsimL
mowrLTos F11 K MLD
Turbidity FLT0s_aT1 |NINEER NTU
partices FLTos_a72 TN CountsimL
FowrLTos F11  [EDEIN MLD
Turbidity FLT10_a11 [NNEEEN WU
partictes FLT10_aT2 I CountsimlL
AowrLTo Frr EEEE MLD
Turbidity FLT42_AT1 |ETNEERI NTU
particies FLT12_a12 [IENEEIN Counts/mL
Flow FLT12_FT1 -HI.I]
Total Flow IETEN MLD
Residual ctwoz_AT1 JNIEEEN mg/L

Clear Well MNorth
Chlorine Residusl cLwot_at2  [IEIEEEEmor

Level CLWH_LT1 | 370 [
South

chiorine Residual CLwe2_aT2  [IEIEEI o

Level CLWIZ_LT1 | 3.1z [

Plant Discharge

Tusbidity HLPOO_ATZ [ 0.039 [

pH HLPOO_ATS | o561

Conductivity HLPM_AT4 _usn’cm

Pressure HLPOO_PT4 | 1239 [
East

Chiorine Residusd HLP0D_AT1  [IEIETE mg/L
Flow HLPOO_FT4 IS 14D
West

Chioring Residusl HLPO0_ATE _Illgc"l_

Flow HLPO_FT2 | 00 [N
Total Flow | 1.6 MLD
ExeteriGrand Bend
pH PLPBO_ATY | 000 P
Flow PLP0_FT2 | 00 [

T ——

Copyright ® 2011 Rockwell Automation, Inc. All rights reserved.

49



GIS—centric Platforms

Computerized Maintenance Management
System — CMMS

Maintenance frequencies — automated

] ] ]
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CADA linked to CMMS

/> OMC Dashboard - Microsoft Internet Explorer provided by Telemetry

w" I@ http: {fawts0070/OMCDashboard/Pages/\WWaterDashboard aspx
‘ﬁ' (@ oMC Dashboard |
OMC Waste Water Incident ManagementDashboard
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[ Priority 5
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Reduce high profile incidents

AW Assets
¥ Sewers (Foul + Combined) =
[~ Sewers (Surface) -
[ Rising Main

[~ Manholes

[ sTw

[T sps

[ Compliance Sites (BOD)
[~ Compliance Sites (SS)
™ Compliance Sites (Amm)

Zoom In Zoom Out
Reset Zoom Area

oo 0+ |

Search

Map Width: 5,928 m
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= Documents

EPA Check—up Program for small Systems, EPA — CUPSS

Manual of Practice Condition Assessment of Water Mains (AWWA M77)
{not yet out for distribution}

Distribution Valves: Selection, Installation, Field Testing and Maintenance
(AWWA M44)

EPA Asset Management: A Best Practices Guide (April 2008)

Guide to Water and Wastewater Asset Management Underground Infrastructure

Management (UIM)

Asset Management CoC Standard Specification (coming soon)
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