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Objectives

e What condition assessment is and why it is important
* Planning and executing an assessment project
e Analyzing your results

e Turning analysis into action



What is condition assessment?

“The process used to describe the
condition and/or performance of a

system component.”

National Guide to Sustainable Municipal Infrastructure (InfraGuide), July 2004 pg. 2



Benefits of a condition assessment program

* Improved public safety

* Mitigate flooding risks

* Promote economic development
* Maximize asset life

* Information-based approach to set priorities



Benefits of a condition assessment program

Avoiding this ...




Benefits of a condition assessment program

And this ...




Benefits of a condition assessment program

And mitigate this ...




Condition Assessment Program Cycle

Needs
Assessment

Planning

Take Action
(Rehab, Inventory &
Replace, or Assessment
Wait)

Evaluation &
Decision Making




Needs Assessment

 What is your current state?

e [dentify available data

e GIS, CAD, drawings, reports, spreadsheets (and more)
e [dentify gaps

e [dentify technology and software currently being

used

e Work order systems, etc



Planning

* Things to consider
e Database design
* Inventory methods and technology

* Assessment methodologies

* CCTV



Planning

Database Design Local Government Information

e Local Government Information | Model -
Model (LGIM) s [— NN Sgie NS
* ESRI’s preferred data model
e Scalable
* Preconfigured domains and e
feature classes o
 Modify as needed T;:‘:




Planning

Inventory technology

 Collector for ArcGIS
* Mobile data collection app
e Rich editing environment
e Supports offline editing
e Sync back in office
* New version of app released in 2018

e External GPS
* Submeter accuracy
e Bluetooth to tablet
e ~$3,000 per unit




Planning

Inspection technology

e Z0OMm cameras
e Supplements surface inventory
* Provides shots of pipes from structure
* Photos limited to straight-line pipe

* Helps lower overall project cost by
reducing CCTV scope

Epvirosight




Planning

Inspection technology

e Z0OMm cameras
e Phased Assessment Strategy for Sewers (PASS)

full ccTv PASS program

% pipes cost % pipes cost
- 100%  $0a5/ft
- | | e5% $0.56/ft

$1.25/it | | 25%  $125/ft

average $1.25/ft $0.83/ft

Phased Assessment Strategy for Sewers (Envirosight)



Planning

Inspection technology
e CCTV

* Pipe inspections

Reports and videos

Can be linked to GIS and ratings symbolized on
map

~S$1.50 LF
Heavy cleaning expressed as an hourly rate




Planning

Inspection technology
e CCTV

& MH 232-SW-40

0.0 ft. Access Point Manhole 232-5W-40
00ft Water Level
26.6 ft. Crack Longitudinal - S01

49.5ft. General Photo

525 ft. Tap Break-In

22581t Crack Longitudinal - FO1

228.0ft.  Survey Abandoned CAN NOT GET OVER

SPRING IN PIPE

MES002-2 1-2-17ME (3) Page# 2




Planning

Inspection technology
e CCTV

¢~ Pipe Segment Refere... City Street Iaterial Location C.... Sewer Use
Line 232-SW-174 Tulsa, OK E17THPL d Concrate... Light High... | Stormwater
Upstream MH Total Length Year Laid Shape Location Details
MH 232-SW-40 352 Circular
DS Manhaks Length surveyed Year Renewed Height Width Pipe Joint...
. MH 232-5W-107 228 30 30 Y,
( sPR 80 WFR NA PO Number Customer ™
Meshek & Associates
SPRI 2 MPRI NiA Vo Order o
QsR 2G00 QMR NIA Maintenance Related
OPR Surveyed By Drirectiom Date Media label
80 ACEMEJ Downstream 20180122
OPRI Certificate Mumber Pre-Cleaning Time Weather
2 U-0218-070300598 No Pre-Cleaning 14:38 Very Dry

Diate Cleansd End Time Additional Info

\_ 14:56 Y,
Structural Ratings O & M Ratings Combined Ratings
Grade Na. . Grade No. . Grade MNo. .
Normal Defects Rating | Occur. | Rating | Rating | Occur. | Rating | Rating | Occur. | Rating

1 0 0 1 0 0 1 0 0

2 0 0 2 0 0 2 0 0

3 0 0 3 0 0 3 0 0

4 0 0 4 0 0 4 0 0

5 0 0 5 0 0 5 0 0

Continuous Defects

Code | ID |Length

CL | FO1 | 189.2 2 40 80 0 0 0 2 40 80
Subtotals| 40 Subtotals 0 Subtotals| 40

SUMMARY Pipe Rating 80 Pipe Rating 0 Overall Pipe Rating 80

Structural Index 20 O&M Index 0 Overall Index 20

Str. Quick Rating| 2G00 | O&M Quick Rating 0000 Ovrl. Quick Rating| 2G00




Planning

Inspection technology

* CCTV

s

Pipe Rating
O&M Index

M Quick Rating

Overall Pipe Rating
Overall Index
Owrl. Quick Rating

--------

MH 232.5W_107
UNK

30

30

1/21/2018
1/22/2018, 8:38 &AM
142272018, 8:556 AM
ACE/ME]
U-0218-070300598
Very Dry

Mo Pre-Cleaning

Downstream

(LY

0.00
2.00

More info

More info



Planning

CCTV Scoping
* By Size

« 18" - 54"
* By area

* Entire systems,
regardless of size

* By criticality
* Major roads
e Critical facilities



PEPEETET
......_ M“. Wlﬂ\l

By Size (18” to 54”)

CCTV Scoping



Planning

CCTV Scoping
* By Size

e 18" — 54"
* By area

* Entire systems,
regardless of size

* By criticality
* Major roads
e Critical facilities



CCTV Scoping




Planning

CCTV Scoping
* By Size

e 18" — 54"
* By area

* Entire systems,
regardless of size

* By criticality
* Major roads
* Critical facilities



CCTV Scoping

By Criticality — Major Roads




CCTV Scoping

By Criticality — Critical Facilities

I BRI 30 Lot e ca T 15




Assessment methodology

NASSCO

* National Association of Sewer Service Companies
* Formed in 1976
* Member based

* Sets industry standards for the assessment and rehabilitation of
storm, sanitary, and water infrastructure

NANNGO

NATIONAL ASSOCIATION OF
SEWER SERVICE COMPANIES



Assessment methodology

PACP and MACP

* Pipeline Assessment & Certification Program
 Manhole Assessment & Certification Program
e Started in 2002

e Goal was to introduce standardization and consistency into
condition evaluations

e Derived from England’s Water Research Centre (WRC) codes
e Certification required every 3 years




Assessment methodology

PACP and MACP

* Industry standard for condition assessment
* Large code library
* Organized into 4 code “families”

e Structural
* Operation & Maintenance (O&M)
e Construction Features

NASSNECOD
e Miscellaneous Features SEWRR SERVICE COMPAMES

NASSCO’'S PIPELINE ASSESS!

Section 5 — Operation and Maintenance

NASSCO’S PIPELINE ASSESSMENT CERTIFICATION PROGRAM= (PACPa)

Section 4 — Structural Defect Coding

D oDeposs s53)[D oeposns s4|[D peposms 54| (R moors su|[r moots su|[R Roors su|[R moots &1
(RS [— Tngress) Formp A % og
c crack  +3|[F  FeacTuRe 49|[8  erokeN a7 |[H HoLE  #m|[D DeFoRMED 425|[0  DeFoRMED 425)[0  DEFORMED 425 O Ercusese = i e — i ——
€L Longhatingl EL Lenghuseul WSV Eod Visbis HSV Sl Viskie ) e b :
£ Grmonrea £6 Conmbrores BW Vo Vistks WUV Veid Vistls R o fona OT2R Bugeg R
Cs Soea ¥5 Soeal medten used. e =~
O Mg (2.3.4) B e 2,3, 4) " o o
[l ot +a3| o Jont 443 [a JonT  sa3 [y JONT  443|[s  sumrace a5i|[s  sumFace a5
08 Ol Smat woct | (55 sep A5 Anguiar Smat
JOM Ofisa2 Madum SONC Oset Madeam Dulect Soparabon
L e L 300 Ot Do || B Sembontige | [ Ao Mo S Ml || R
il et S |
SAM  Agpedaw Masrg AW Mg Wl
LT | T ] | T [re o
FEATURES TURES FEATURES e
i A 55 B E t:t'{"_ f=, = ;EH‘. I ?ecuon? Miscellaneous
(Fes Seven s PO Drlarnaion. W e Section 6 — Construction Features eatures
T Tar 83T e eal[T e ea[T TAP
18 Break InHaTeer TF  Factosy Made TR  Fehabiaied TS Sacde
T8l iudng TP Inbruding TR g TE lntnadeg
THD Detectva TED Dsloctiva THD Dotectve TED Detoctve.
TEC Capood TFC Cagped THC T5C Cagpod
Aoty TRA Acovy TRA Acavty THA Acheiy
TR Abarcond TP Abandorud TR Abandored TED Abendored
L LINE L= LiNE & |(a ACCESS &35)|A ACCESS 635
1ol v of e POINT
W Cown LR Pight ACE  Caleh Gasn ADP Dipchange Point
L Leh LAD Right Cows. AGO  Cleanoud AIP Frd ol Pgm
LD Laft Down LR Right Up: ACON Maning AJE Junchon Bos
LU e up W ACOP Propesty AN Mgtor
ACOH House AMS Marholp




Assessment methodology

Structural Defect Codes

NANNED

NATIONAL ASSOCIATION OF
SEWER SERVICE COMPANIES

NASSCO’S PIPELINE ASSESSMENT CERTIFICATION PROGRAMea (PACP@®)

Section 4 — Structural Defect Coding

SAM  Aggregaie Missing

Cc CRACK 43| |F FRACTURE 49]||B BROKEN 417 | |H HOLE 41 |(|D DEFORMED 4-25|(D DEFORMED 4-25||D DEFORMED 4-25
_ (Rigid) {Flexible) {Brick)
CL Longitudinal FL Longitudinal BV Sﬂi “l'i?“bb HSV  Soil Visible
CC  Circumiarantial FC Circumfarantial BW  Void Visibla HVW  Void Visible DR Daformed Rigid DFER Bulging Round DTER Bulging Round
CM Mu_ll]ph FM MU_'W"E DFEI Bulging Imv.Cury. DTEI Bulging lmv.Curv.
G5 Spiral F5 Spiral No medifiers wsad. DFC  Creasing
CH Hinga (2,3, 4} FH Hinga (2, 3, 4) DFE  Eliiptical
J JOINT 443 | | J JOINT 443 | | J JOINT 443 (4 JOINT 4-43| |8 SURFACE 4-51||%S SURFACE 4-51
DAMAGE DAMAGE
JOS Offsat Small JOSD Offsat Small Defect JS5 Soparation Small JAS Angular Small
jg 0115&% e dium jgﬂ_ﬂg Ofisat ﬁdlum Dafact | | JSM Saparation Mad JAM Angular Madium SRl Roughress Increased SRV Reinforcement Visible
Ofisat Larga Offset Large Dafact JSL Saparation L SAV gk Visible SAP Reinforcemt. Frojec
b e WD AP iﬁﬁﬁﬂm Projeciing SAC Renforemt Comoded

SMW  Missing Wall

S SURFACE 4-51 | |LF LINING 467 | |LF LINING 467 | [LF LINING  4-67 | | WF WELD 4-85 | | RP POINT REPAIR 4-89 | | RP POINT REPAIR 4-89
DAMAGE FEATURES FEATURES FEATURES FAILURE RPL_ Liner m
558  Surface Spalling gﬁ macormum EEG Detached LFOG Overcut Bervice WFC Circumiersnfial %‘TD Liner Defective g;zm w‘ Bt e
- = o - _ Paict
. Ec';gﬁ spelina LFE  Bisiered Lining LFDE Defective End LFUC m WFM u.ipua RPFD  Patch Defective AFZD  Other Defective
SCP  Ghemical Attack LFGS Service Cut Shified LFOL Delamination LEW  Wrirkled WFS Spiral
=7 Oeher LFF  (Oher WFZ Other




Assessment methodology

O&M Defect Codes

NANNGCO

NATIONAL ASSOCIATION OF
SEWER SERVICE COMPANIES

NASSCO'’S PIPELINE ASSESSMENT CERTIFICATION PROGRAM® (PACP)&

Section 5 — Operation and Maintenance

D DEPOSITS 53
(Attached)

DAE Encrustation
DAGS Grasa
DAR Ragging
ODAZ  Other

D DEPOSITS 54
(Setiled)

DSF  Fine

DSGV Gravael

DSC  Hard/Compact
DSZ  Other

D DEPOSITS 54
{ingress)

DNF  Fine (silt/sand)
DNGV Gravel
DNZ  Oither

R ROOTS
(Fine)

511

RFE Barmol
RFL Lateral
RFC Connection
RFJ Joint

R ROOTS
(Medium)

511

RME Barral
BML Lataral
BMC Connaection
RAMJ Joint

R ROOTS
{Ball)

51

REE Barmal

RBEL Lataral
REC Connaction
REJ Joint

R ROOTS
(Tap)

RTE Earmal
RTL Lataral
RTC Conneclion
RTJ Joint

511

| INFILTRATION 5-19

I INFILTRATION 519

I INFILTRATION 3-19

| INFILTRATION 519

I INFILTRATION 5-19

OB OBSTACLES 531
OBSTRUCTIONS

OB OBSTACLES 5-31
OBSTRUCTIONS

IS  Stain W Waoopar ID  Dripper IR Runnar IG  Gusher :
ISE Baral L IDE Barmal IRE Barrel IGB Baral ggg gﬁtﬁﬂ:}“:? OBJ Objectin Joint
ISC  Connection WC Connaection IDC Connection IRC Connection IGC Connection mmm OBM Pipa Material in Imvert
184 Joint W.J Joint IDJ  Joint IRJ  Joint IGJ Joint OBl Object Intruding OBN Construction Dabris
ISL Lataral ML Lateral IDL Lataral IRL Lateral IGL Lateral Through Wall OBP External Pipe Cable
OB OBSTACLES 5-31 || V VEBEMIN 5-45|| G GROUTTEST 549 | |G GROUTTEST 5-49

OBSTRUCTIONS & SEAL & SEAL

VR Hat GTP Grout Test Passed
DBR Rocks VC  Cockroach GTPJ Joint GTU Grout Test Unakie
OBS Built In Structure VZ  Othar GTPL Latoral GTUJ Joint
OBZ Othar GTF  Grout Tast Failed GTUL Lataral
orE et GRT  Grout Test Location Section 7 — Miscellaneous




Assessment methodology

Construction & Miscellaneous Defect Codes

Section 6 — Construction Features

T TAP B-3|(T TAP 63| |T TAP B-3(| T TAP 6-3 | | ISINTRUDING SEALING
MATERIAL 6&-15
TE Broak In'Hammer TF Factory Made TR Rehabilitated TS Saddle ISSR  Sealing Ring
TBIl Intruding TFl  Intruding TRI Intruding TSl Intruding ISSRE BErokan
TBD Defactive TFD Defaciive TRD Defactive TSD Defective ISSRH Hanging
TBC Cappad TFC Cappad TRC Cappad TSC Capped ISSAL Loose
TBA Activity TFA Activity TRA Activity TSA Activity ISGT  Grout
TEB Abandonad TFB Abandonad TRB Abandonad TSB Abandonad 182 Other
L LINE 6-21||L LINE 21| | A ACCESS 625 A ACCESS 6-25)| A ACCESS 6-25
(of sewer) {of sewer) POINT POINT POINT
LD Down LR Right ACE  Catch Basin ADP Discharge Point ACC  Other Structure
LL Left LRD Right Down ACO  Cleanout AEP End of Pipa ATC Toa Connection
LLD Lsft Down LRU Right Up ACOM Mainline AJB  Junction Box AWA  Wastowater Accass
LLU Left Up LU Up ACOP Proparty AM  Mater AWW Watwall
ACOH Housa AMH Manhole AZ  Othar

NANNGCO

NATIONAL ASSOCIATION OF
SEWER SERVICE COMPANIES

Section 7 — Miscellaneous

Features
M 7-1
MISCELLANEQUS
FEATURES

MCU Camera Underweier
MGO0 General Cbsarvation

MGP General Phoiograph
MIL Joint Length

M 7-1
MISCELLANEOUS
FEATURES

MLC  Lining Change
MMC  Maierial Changs
MSC  Shape/Size CGhange
MSA  Survey Abandoned
MWL Water Level

M 71
MISCELLANEOQUS
FEATURES

MWLS Water Level Sag

MWM  Water Mark
MY  Dye Test

MYV  Dye Visibke
MYN Mot Visible




Assessment methodology

NASSCOD
PACP Codes NATIONAL ASSOCIATION OF

e Codes used to describe defects or observations consist of 3 items:

* Group — broad category (i.e. R — Roots)

e Descriptor - further defines the defect (F — Fine, M — Medium, B — Ball, or
T- Tap)

* Modifier — extension of the Group/Descriptor Code and provides more
detailed information (B — Barrel, J — Joint, L — Lateral)

* So, the code RMB would indicate a Root Medium entering
through the Barrel of the pipe.

R ROOTS 211 R ROOTS =11 R ROOTS 511 R ROOTS 511
(Fine) (Medium) {Ball) (Tap)

RFE Barmal BME Barral REE Barmal RTEB Barml

RFL Laiaral RML Lataral REL Lateral RTL Lateral

RFC Conneclion RMC Connection REC Conneclion RTC Conneclion

RFJ Joint RMJ Joini REJ Joint RTJ Joint




Analyzing Your Results

PACP Condition Grades
* 5: Most significant defect grade

4: Significant defect grade

3: Moderate defect grade

2: Minor to moderate defect grade

1: Minor or no defects

Defect grades are already determined by the software; you just
have to make sure you are coding defects correctly!

NANNGCO

NATIONAL ASSOCIATION OF
SEWER SERVICE COMPANIES



Assessment methodology

] ] NASSCOD
Point and Continuous Defects NATIONAL ASSOCIATION OF

* Point defect — a discrete defect < 3 feet in length

e Continuous defect
* Truly continuous — 3 feet or longer
e A crack running longitudinally along the pipe at the 12 o’clock for 42 feet
* Repeat continuous — at 3 of every 4 joints
* Infiltration Weeper at every pipe joint for 70 feet

* Continuous defects are noted as 2 separate entries with
respective “Start” and “End” labels, along with the stationing

{SO1 » FO1)

{S02 ———— F02)
{503 — F03}
(S04 » FO4)

{805——— » F05}
{S06 ———»



Assessment methodology

Anything you could possibly
encounter in a storm pipe can be
found in the PACP Code Library.



Assessment methodology




Assessment methodology

Assessment methodology
e NASSCO software

* Commercial options available

e Complies with NASSCO standard (NASSCO-certified)
* Import into software and export to GIS
* Data entry forms

* Generate inspection reports

e Or you can custom design one yourself

PIPEQ

SOFTWARE



Inventory & Assessment

Inventory — Surface

e Physical data (i.e. feature attributes)
* Location
* Feature Type
* Pipe inventory
* Pipe size

¢ |nvert measurements
* Material

* Photos

TYPICAL PRE-CAST
MANHOLE

e Operational data (i.e. conditions)
e Structural integrity
e Functional integrity (O&M)
» Construction features




Inventory & Assessment

Inventory - Subsurface
e Manned entry

e Use measuring wheel to record

stationing from known entry points
e Record defects in related table

e Tabular data can then be converted
into points along the line (linear

referencing)

oint Pipe CondMons

DISTANCE PACP_CODE CONTINUCUS | RATING
17 | S @face Aggregate Missing |S01 4
32 |Hof Soil Visible <Null= 5
72 |Taj Break-in Capped <Mull= 2
S0 (Suface Aggregate Missing |FO1 4
50 Dgposits Settled Gravel S02 3
145 e Soil Visible =MNull= 5
183 | pepositz Settled Gravel FO2 3




Analyzing Your Results

Rating System
* Quick Rating
Highest Total number of Next Total number of
severity occurrences of highest occurrences of
grade highest severity severity second highest
grade grade severity grade
Occurrences Segment Grade Scores
Grade | Structural| O&M Overall | Structural | O&M Overall
1 1 3 4 1 3 F
e Overall Rating — sum of all 2 3 5 8 6 10 15
grades 3 2 4 ) B 12 18
4 ] a ] 20 a 20
5 3 2 ] e )
—~
14 14 28 48 35 83
\
e Rating Index — Overall Rating Overall _@

divided by number of defects Rating = # Defects



Analyzing Your Results

Surface Ratings K

e Defect scores summarized separately l’."
for each structure

e Structural rating
e O&M rating
e Combined rating

Defect 1 Defect 2 Structure Rating

Field Yalue Field Yalue .

Field Yalue
GEM_MACP_CODE Cracks & Fractures GEM_MACP_CODE Debris & Obstructions
COMPOMENT Wall Inkerior COMPOMENT BenchyFloor INLETTYPE iCurb Inlek
MaCP_CCODE Fracture Multiple MACP_CODE Deposits Settled Fine OMR STRUCTLRAL 15
COMTINUOUS Yes CONTIMUOUS Mo -
YALUE_15T_DIMEMSION 4.5 YALUE_15T_DIMEMSION  <null= - QOMR._0M 3
YALUE_fMD_DIMENSION <ol YALUE_2ZMND_DIMEMSION <l OMR_COMBIMED 21
YALUE_PERCEMT Mo Rating YALUE_PERCEMT 51-75% - MRI STRUCTLRAL 4
EFD 4.5 EFD 1 =
GRADE_CAT Struckural GRADE_CAT DI MRI_CM 3
COMD_GRADE 4 COMND_GRADE 3 MRI_COMBIMNED 3.518158%
STRUCTURAL_GRADE 13 STRUCTURAL_GRADE 0 QOR 4171
OM_GRADE ] OM_GRADE




Analyzing Your Results

Subsurface Ratings

e Using linear referencing ...
e Point defects plotted as point features
* Continuous defects plotted as line features

e Defect scores summarized separately for
each segment

e Structural rating
* O&M rating
e Combined rating

* Provides segment rating

Field Walue

INSPECTION_ID 201
SURNEY _DIRECTION Upstream
EPD_STRUCTURAL O

EPD_Cr 137001587
EPD_COMEIMED 13.700157
COPR_STRUCTURAL O

CPR_OM 27

QPR _COMEBINED 7
PRI_STRUCTURAL O

PRI_OM 1970776
PRI_COMBINED 1.970776
QOR_STRUCTURAL 0000
QOR_OM 2A00

QOR_COMEIMED 2400




Evaluation & Decision Making

Calculating Likelihood of Failure (LOF)
* Derived from the first 2 numbers of the Quick Rating
e Scale is 1 to 6, with 1 being the least likely, 6 the most

4 2 3 2

\\

Total number of
occurrences of
d hi ghest

First 2 numbers of QOR
10

LoF =

LF—42 =4.2
0—10—.



Evaluation & Decision Making

Calculating Likelihood of Failure (LOF)
* If no defects recorded for feature or segment, then add 1.0

First 2 numbers of QOR
10

LoF =

0
LOF = == + 1.0 =1.0
10



Evaluation & Decision Making

Calculating Likelihood of Failure (LOF)
* If second character in the Quick Rating is a letter, than add 1.0 as well

First 2 numbers of QOR
10

LoF = +1.0

Example: QOR is 5B21 (meaning 15 to 19 occurrences of a Grade 5
defect); therefore:

LoF = 20 +1.0 =6.0
o-10 .0 =6.

A=10-14, B = 15-19, C = 20-24, etc



Evaluation & Decision Making

Developing Consequence of Failure criteria

e Size

 Location (for example, crosses under major road)

e Depth (the deeper the pipe, the greater the cost of repair/replacement)
* Service Area

e Proximity to critical facilities

e Environmental impact

e Public Health impact

* Economic impact

Asset owner involvement i1s essential!



Evaluation & Decision Making

Calculating Consequence of Failure (COF)
* For each of these criteria you would assign a COF factor rating

e Scaleis 1to 6, with 1 being the least consequential, 6 the most
* You would then apply a weight to each criteria

 Finally, you would calculate the COF for each feature by multiplying the
factor against the weight



Evaluation & Decision Making

Risk Assessment

e Likelihood of Failure (LOF) — Determined by condition scores
e Consequence of Failure (COF) - Determined by asset owner
* Risk = LOF x COF

Increase

Aggressiveness of $30,000 available
Assessment
$20,000 available
High 6

5

Consequence of Failure

Increase
Aggressiveness of

0 1 K] x 6 Rehabilitation
Low Likelihood of FaiIuD High

Low 0




Conclusion

* Assets can be managed proactively

* New technologies can augment traditional

methods

* Good assessment methods + greater
assessment frequency can help us better

understand how assets deteriorate over time



QUESTIONS?

AAAAAAAAAAAAAA
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