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Project Description

e Project: Perform a business risk assessment of the
SJIRA, Woodlands wastewater collection and
treatment system.

Asset Group # Individual Assets # Grouped Assets
Gravity Mains 1,128 75
Force Mains 33 33
Lift Stations 760 128
Treatment Plants 1,020 15
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Project Description

e Scoring: Custom risk assessment criteria and
scoring were developed for each asset in the
system.

— Likelihood of Failure (LOF)
— Consequence of Failure (COF)
— Risk of Asset Failure (ROF)

* Prioritization: ROF scores prioritized individual
assets for rehabilitation in SJRA’s 5 year and 10
year capital improvement plan (CIP) and to
manage future asset renewal priorities.
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ENGINEERS AND SCIENTISTS

e 9 Steps to a Business Risk Assessment

Prepare Asset
Database

Refine Risk Matrix &

Scoring

Perform Final Risk
Analysis

Develop Risk Matrix
with Utility

Review Asset
Component Scoring

Post-Prioritization
Processing

Finalize Asset
Database

Perform Initial Risk
Analysis

Finalize Prioritized
Results in CIP



Project Description

e Definitions

— LOF: Likelihood that an asset will fail to meet
its intended use requirements.

— COF: Consequence and/or severity of an asset
failing. Generally related to location.

— ROF: Risk of asset failure. Computed using the
following equation:

ROF= ([LOF] x [COF])
10
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Challenges and Requirements

* Asset Management Challenges
— Geoprocessing (location-aware analyses)

— Efficient and accurate asset scoring, from preliminary
through final iterations

— Summary results and reporting by asset and asset
group




ALAN PLUMMER
ASSOCIATES, INC.

Challenges and Requirements

* Tool Requirements
— Import asset data and custom scoring matrices
— Geoprocessing (point, polyline features)
— Database processing and matrix scoring
— Results and reports
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Tool Features

* Toolbox Layout (4 asset groups)
—_— LOF ArcToolbox

= % _Risk Assessment Tools

il COF EI & 1 l:lra-.lltl,-L|r1|.-_-5 LOF

A l_Map and Pcn-pulatr_- FII:|d5
=0 A1 Staff Opinion Score

— Score and Plot

. D1 H25 Score

. Ed Flow Profile Score
P F1 Odor Score
. & 2 lJrE'.'It','LIn':S COF
- +- 8 3_Gravitylines_Score & Plot
%: 4 ForceMain_LOF
- & 5_ForceMain_COF
. +- B 6_ForceMain_Score
. &y 7_LiftStation_LOF
. +- B 8_LiftStation_COF
- +- B 9_LiftStation_Score
&: all_TreatrmentPlant_LOF
%5 all TreatmentPlant COF
& gl?_TreatmentPlant_Score
&: testing & developrment
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* Field Mapping to Import Data to Geodatabase

7 1_Map and Populate Fields

=101 x|

Pipeline Input J
| F\usersishare\matt stahlf_PROJECTS\SIRA GIS\GIS\RiskAssessment.gdb\SewerMain_SIRA j
Staff opinion

| Staf_Ases

Age (years)

| Age_yrs

Material

| Material_pipe

H25 {ppm)

|H25_Data

Flow profile (g/Q)

| FlowProfyl

Diameter (inch)

| NOMINALDIA

Depth (feet)

| Depth

Customer loss

| CusimrlLoss

Loss of service

| Loss_Srvc

Service area, in acres (field)
| 5a_ac

Slope from Model (field)
| sLOPE

L L Lol Lol Led Lo Lol Lo L L L

0K | Cancel Environments... | « < Hide Help |

1_Map and Populate
Fields

Tool creates and populates
the fields required for the
Gravity Line Liability of
Failure (LOF) and
Consequence of Failure
(COF) calculations. The LOF
and COF calculations are
then used to compute a Risk
Score for each pipe segment.
The user must map each field
shown to an existing data
field in the pipelline feature
class. *NOTE: If data for one
of the fields shown is
unavailable, the user should
create and populate a dummy
field with temporary data
values, then proceed with the
field mapping.

Toal Help

=




Tool Features

Custom Scoring Matrices

LIKELIHOOD OF FAILURE COMPONEN
STRUCTURAL

Yes No Pipe Properties

- Staff opinion of condition
[ [~ | 3 | Repairhistory (#7100 ft / yr) ]

- n Time since second most recent repair (yr)

"
-

Al L R

Tl [dommee

o BB o o comnecions Gy ||

T o [ etateion Conracior |

||~ JEBY Soilresistviyhmem) | |
|| n [ 11| Soilchemistry -sufatesinsoils %) |
I Y T
| |~ laaf Srayeurent 00000000 | 0|
||~ 8 Externalcomosionprotecton | |
]
| n ]
|
| ~ ]

Internal Corrosion

H2S data & Some sulfate data -
[emalcorrosion protecton ||
External Stresses
- Burial depth (ft) _
- Embedment zone backfill (quality of pipe bedding) -
- Traffic Load -
[ ] Flow Profile (% full - Hydraulic model) [15 ]
Blockage history (# /1,000 ft / yr) ]
Surcharge conditions -
- Odor complaints [ 10 ]
“ SSO’s (#/ 1,000 ft / yr) -
ity (n r performance & Cond -

Good data available
Some data available

Little/No data available or data availability unknown

CONSEQUENCE OF FAILURE COMPONEN ]

Yes No Health and Safety (injury, illness)

]
]
BN Custoren Loss orsenvee ooty [ 10|
iy ssoroene |
]
CTalefom ey |
T s [ Oy~ vhose Reparcapably ||
]
I R N
T 1o | Probabiy o edmcoverage |

Infrastructure
. Proximity to main roads or railroads -
Regulatory/Environmental
Discharge to Sensitive Environments 10
SSO impacts/Permit violation 10

Good data available

Some data available

Little/No data available or data availability unknown

ALAN PLUMMER
ASSOCIATES, INC.

ENVIROMMENTAL
ENGINEERS AND SCIENTISTS

14




ALAN PLUMMER
ASSOCIATES, INC.

Tool Features

Geospatial Database Processing (points, polylines)

— The geospatial nature of the risk scoring process made
it necessary to perform GIS computations involving LOF
and COF components for individual pipe segments as
well as lift station and wastewater treatment plant

assets.

E| a .I':'I.FIE||','5I5 Tools

. E, Extract
EI 4 I']-.u.-_-rla-,-

|:]E|tIE|| Join

E| E, F'rn |rr||1:-,-
- . Buffer <€&——mon
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Tool Features

* Geoprocessing Components

— Public Health and Safety (intersect of pipeline and land
use)

— Customer Loss of Service (gravity lines downstream of
commercial or industrial facilities)

— Loss of Service to Critical Facilities (gravity lines
downstream of critical lift stations)

— Proximity to Main Roads and Railroads (pipeline
proximity to roads and railroads)

— Discharge to Sensitive Environments (intersect of
pipeline and sensitive environments)

16
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Tool Features

Data Processing Components

— Employee Health and Safety (pipeline
diameter, burial depth)

— Cost of Repairs (pipeline diameter, burial
depth)

— Size of Service Area (size of service area,
pipeline diameter)

— Sanitary Sewer Overflows (# reported
SSQO’s, negative pipeline slopes)

— Matrix Scoring (all tool LOF and COF
components)

El - B by O e X
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Tool Features

* Data Processing Components (continued)

_ . UtilityRepair | | _. . UtilityRepair |
Diameter (in) | Road Class SZorep Diameter (in) |Road Class yrep

Oto6 Oto 6
8to 12 8to 12
14 to 18 14 to 18
RAILWAY

Score
FREEWAY:; 10
20to 30 20to 30 10
10
10
4
5
7

FRONTAGE;

ACCESS
33 to 42 33 to 42

> 48 > 48
Oto6 Oto6
8to 12 8to 12
14to 18 14to 18
20to 30 20 to 30
33to 42 33to 42
> 48 > 48
Oto6
8to 12
14 to0 18

20 to 30 LOCAL

33t042
> 48

MAJOR UNKNOWN
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Tool Features

e Results Generation
— Preliminary iterations of LOF, COF, and Risk scores

— Matrices and rankings refined through sensitivity review
workshops with the Client

— Final LOF, COF, and Risk scores for each of the 4 asset groups used
to rank and prioritize assets for renewal projects

* Results Outputs

— Map Exhibits (ArcGIS)
— Summary Reports (Matplotlib)

o] — &
‘ 2 . al L
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Tool Features

Results Output: Map Exhibits (ArcGIS)

Legend

Age Score

-3

4-6

7-10

Lift Station
Treatment Plant

3

Gravity Mains A

e Score

VAWTP 03
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Tool Features
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e Results Output: Reports (Matplotlib, ArcGIS DDP)

Grouped Rank: 02.00.54.RCP.016

2 SJRA, The Woodlands
Risk Model Results
Grouped Assets

20l 75

Gravity
Mains

NS Crouped Assets
N Al Assets

ALAN FLUMMER
ASSOCIATES, INC.
3100 WILCREST DRIVE

HOUSTON, TEXAS 77042
PHONE: (T13) 464-2734
FAK: (T13) 3842726

Grouped Rank:

13

130f 75

01.05.24.D1.065

ALAN FLUMMER
ABSOCIATES, ING.

SJRA, The Woodlands
Risk Model Results

Grouped Assets

Gravity
Mains

AN Grouped pssers
NS Al Assets

3100 WILEREST DRIVE
UTE

HOUSTON, TEXAS 77042
PHONE: (T13) d84-2724
FAX: (T13) 3842726

Summary

Summary

AssetNum ID: 16

Marked Up Cost:

Risk Score: 4.02

Total Length (ft]:

LOF: 6.98

$13,223,574
8,008

AssethNum ID:

61

Marked Up Cost:

Risk Score;

274

$1,429,818
Total Length (ft): 3,309

Diameter Average (in)

COF: 5.77

&7

LOF:

578

Diameter Average (in): 24

Age Average [years):

28

COF:

4.75

Age Average [years): 25

Detail*

Detail*

GIS4D__ASSET-ID

LOF MATERIAL BUILT

LEN (FT) _DIAM (IN) SCORE
02.00.54.RCFE16 Ba1 3 A%

02.00.T2RCP.O16

AGE [YR)
] RCP =
[ T RGP

1985
1584

ASSET-D LEN (FT)

GIs-D DIAM (IN) SCORE
=50 ] EE]

01.05.24.D1.06% 418

67 01.08.24.01.068 20 30

COF RANK
5 B4

48 ]

MATERIAL AGE (YR} BUILT
] £ 1

(]
1583

012.00.72RCR016

59 ¥ RCP 1884

02.00.54 RCP.O16

LX) A RCP 1985

=62 01,05,24.01,065 30

43 188

56 01.05.28.01.06% 28

48

02.00.54 RCR.018

76 L RCP 1888

02.00.64 RCR016

69 X RCP

Fil] 01,05.24.01.065 27

AT

274 01.05.28.00.06% 27

43

02.00.54 RCP.018

RCP

02.00.54 RCR016

RCF

02.00.54 RCP.018

RCP

02.00.54 RCR.016

RCP

432 01.05.24.D1.065

43

02.00.54 RCP.O16

RCP

02.00.54 RCF.018

RCP

HELdH I EEHHEY
el|e|e|ne|e|ee|e|dd

02.00.64 RCP.016

CRCREAEIEREE AT T

RCP

434

43

435

48

436

43

56

48

m 01,05.24.01.065 28

45 185

01.08.24.01.068
a54 01,05.28.01,065

8
28

45 166
a5 188

A S A R

it ] 01.05.28.00.06% s 24 .

2eRERER22R22(2(2
ERCEACR S A R A E TS Y

a5 1z

LOF Asset Components
" oo s

“nly the 15 highes!-ranking deinil assels are displayed for sach poupsd assel {space consiraint).

COF Asset Components.

R B
;'!'a"

. LOF Asset Components
pr——rs

“Cnly the 15 highesi-ranking detail asssis ars displwyed for sach grouped assel {zpace consirainty

COF Asset Components

Risk Score Com,

nents

The Woodlands

Cu(nmnk
Crossing

inch = 2,388 feed

Risk Score Components

Path: Fusersshareimat stanh_PROJECTSIS.RA GIS RistAssessment Tools_DOP.mud

Path: Fusersishare'matt stahh_PRCJECTS'SIRA GIS Riskissessment Tools_DOP.mxd
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Technical and Python Highlights

* Field Mapping

1 kImport modules

2 arcpy
p 3
Define 4 #Define variables, these are for data mapping *n,,...s
N 5 FC = arcpy.GetParameterAsText(e :f:amra class - Lift station ASSETS
Variables ¥ P1_fld - arcpy.GetParameterasText(1) #parameter source field
7 P2_fld = "Staffop”
8 P3_fld = arcpy.GetParameterAsText(2) #parameter source field
5 P4 _fld "RepairsrRwo"
43 ##A. DATA Fields Generate and Populate - For ASSET Scoring
«“ sAﬂd LOF fields to attribute table (for parameter data and score calculation)
Add 48| if 'staffop' 'f.name f in arcpy.Listrields(FC)):
Fields i€ arcpy.AddField_management(FC, 'StaffOp', 'DOUBLE') #create parameter field

4 if 'staffopScore’ 'f.name f in arcpy.ListFields(FC)]:
i arcpy.AddField_management (FC, 'StaffOpScore', 'DOUBLE') #create score fie

144 #Update fields with existing data, where 1st field (new) set equal t

48 gParameter 1
146 cur = arcpy.UpdateCursor(FC
row in cur:

row.setvalue(P2_f1d, row.getvalue(P1_fld
cur.updaterow(row
row, cur

23



Technical and Python Highlights
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e Tool Customization

Description

«2 Road Score, Stepl Properties
General | Source | Parameters | Vaidation | Hep |

M.2Road Score, Stepl

Descripbon:

Tool (Step 1) performs a spatal jon of a Pipe Network with

Roads and Rairoads, in preparation for the Proximity to
Roads and Ralroads Score (Step 2). Lookup values are

displayed in the table at left. Edit values in the source saipt
using a Python editor. "NOTE: the lookup value table shown
in the tool interface is not dynamic, T‘neublemaoemoddbe_j

Stylesheet:
F:'\users\share \matt stahl\_PROJECTS\SIRA GIS\StyleShee! _E;J

[ Store relative path names (instead of absolute paths)
W Always run in foreground

Stylesheet (XMMIL)

[ /e w3 . org/1999/75L/ Transform”

">buttonface</x=sl:variable>
*u:l(F \usaru\sha:a\matt stahl\ PROJECTS\SJRA GIS\Sty
rariable>
At >no-repaat</xs : bla>

6 <xal:variable ="ButtonHelight">20px</xal:variable>

Custom
:
Graphics
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Technical and Python Highlights

* Tool Customization (continued)

M.2 Road Score, Stepl Properties

Script [EEIEE

Script File:

Source

arcpy
params = arcpy.GetParameterInfo()

tializeParameters(self):

Tool

B.1 Age Score

Validator 11g on : ormea. : E Tool computes an Age Sc

for the Likelihood of Failure
5 he ¢ S (LOF) calculation, based on
c I a ss AgersScore - the age of the pipe. Lookup
values are displayed in the
self.params[0].alt table at left. Edit values in the
params[0].value source script using a Python
self.params([1].alt "dl'm' gc"TEh the Ino:up \
5 R value table shown in the too
params (1] .vaiue interface is not dynamic. The
self.params(2].alc table image should be edited
params([2].value = if script lookup values are
self.params([3].alt changed
params([3] .value =

Custom

Tool 5s
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Technical and Python Highlights

* Arcpy Cursors — Ex 1: Data Processing (Pipe Age)

. 4 svariables
Varlables 5 FC = arcpy.GetParameterasText(@) #featu
€ P _fld - arcpy.GetParameterasText (1) =
7 5_fld = arcpy.GetParameterasText(2
[
8 sUpdate curscr for parameter
18 cur = arcpy.Updatecursor(FcC
11

12 &)
= B.1 Age Score
14 <= row.getvalue(P_f1ld 4
23 val = 1 Pipeline Input - B.1 Age Score
C - 19 < row-getvaloe(P_fld) <- 26: GM 06-28-13\SewerMain_SIRA -] |
va = .
ursor 18 28 < row.getvalue(P_fld) <= 30: Pipe Age in Years (field) ;_I'nolhcn[ﬂpuﬁﬁs ?jn ?EE'FCEIFE
i% val = 7 AgeYrs or the Likelihood of Failure
scores 20 30 < row.getvalue(P_fld) <= Se: Age Score (field) {LOF) calculation, based on

L val = 8 _ AgeYrsScore the age of the pipe. Lookup

data :: "ra‘;v.-.';ga;';\falue P_fld) > se: values are displayed in the
- "row.getvalue(P £1d) == "Unknown": table at left. Edit values in the
as - - source script using a Python
26 #0ef u editor. "NOTE: the lookup
27 : value table shown in the tool

interface is not dynamic. The

“ table image should be edited

28 Y = >=20-30
23 . s_fld

. , val
L] cur.updaterow(row
EH

" T0siete cutaons To quotd schemd Locks [ <nulz |
row, cur =null>

if script lookup values are
changed.

mn
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* Arcpy Cursors — Ex 2: Geoprocessing (Road Prox)

Variables

Layer
creation

Spatial
selection
by roads

Cursor
assigns
values

#ar
FC =
s_fl
SPAT
P_fl
BUFF

arcpy
arcpy
arcpy

#Upda

matc
cur

tables

arcpy .GetParameterasText(e) &FC

d = arcpy.GetParameterAsText(1) #sc
TALSELECT = arcpy.GetParameterAsText|2
d = arcpy.GetParameterAsText(3) #pc

er arc cetParaneter‘asTert

[ er: then selec
¢ .MakeFeatureLayer_management SPaTIALSELECT
MakeFeatureLayer_management(FC, 'FC_ly
.SelectLayer8yLocation_management(’
te cursor j parameter
hcountl = int(arcpy. Cetcaunt managenent
= arcpy.updateCursor
row cur:

matchcountl =]

row. setvalue 1 fld val

cur.updateRow(row

row
NameError:

Pipe Proximity
to Roads tool

d
.Road Score, Stepl

Apeine Input
GM 06-28-13\SewerMain_SIRA

FREEWAY;
FRONTAGE;

1410 18
EETY

ilityRepair
S(ore

8to12

| 14t018 |
181018 | unknown
20t0 30

i

M.2 Road Score, Step1 —

Tool (Step 1) performs a
spatial join of a Pipe Network
with Roads and Railroads, in
preparation for the Proximity
to Roads and Railroads
Score (Step 2). Lookup
values are displayed in the
table at left. Edit values in the
source script using a Python
editor. *"NOTE: the lookup
value table shown in the tool
interface is not dynamic. The
table image should be edited
if script lookup values are
changed
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Technical and Python Highlights

* Arcpy Cursors — Ex 3: Calculations (Hydr Capacity)

#variables
. 7 FC = arcpy.GetParameterasText(e) #;
Va rlables s_fld arcpy.GetParameterasText(1
option arcpy.GetParameterastext(2
10 HL1e0® - arcpy.GetParameterAsText(3
11 MW = arcpy.GetParameterAsText(4) sHazen i

12
13 sUpdate cursor: Haz
option - g
cur arcpy.updateCursor
2:: figgt i Force Main Input E.4 Hydraulic Capacity
Ca I cs D = row.getvalue('D Inch’ FM06-28-13\ForceMain_ChunkedAssets ) Score
HL = float(HL1eee Score (field)
capacity = 1.318"Chw D/12)/4)*%@.63 HL /14| ac_Qr_Qf_Seore ha Tool compares the current
row.setvalue 1", int(capacity Caloulation option, Current Capacity capacity (qc) against the
cur.updaterow row i ‘ v current (Qr) and future (Qf)
#Delete cursors to avoid ¢ Headioss per 1000 feet | required capacities of the
row, cur . Force Main, then computes a
A S Hazen-iikans coeffioent (optonal) :r.'d[arlllthcsdpa?g Tcorefm
vpuuilc =G Jv LT Ny - & Likelno ofF F allung
cur = arcpy.updateCursor(FC (LOF) calculation. If existing
CU rSO r A i - data is unavailable, the user
#LOCRuUp vaLw yor go(=ct ce y) Vs @r(=cu can use the tool option to
a SSig n S f‘OWrW BT . ) e calc_ulattr the curment, full-
-getvalue row.getvalue('qg . flowing capacity using the

val = 1 4 ; Hazen-Williams equation
values s T G AN along with parameters
i ' ' ' specified by the user (see
e e B~ optional parameters at left)

val z . ; g Score lookup values are
row.getvalue row.getvalue displayed in the table atlef
val = 1@ Edit values in the source
script using a Python editor
*NOTE: the lookup value
table shown in the tool
inteface is not dynamic. The

HydiiiE o e s
Capacity -

changed

oK Cancel Ermvirenments... << Hide Help Tool Help

tool e
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Technical and Python Highlights

e Risk Calculation

4 P.3 Calculate LOF

& Poeine 1o 550 Join layer (output from tool O. 550 Score, Step 2) P.3 Calculate LOF

LOF Score (fleld) Tool calculates the

LOF Weighing (expression)
. . nent para:
scores that are populated in

through F. Weightings can be
adjusied using the variable
LO F [fgeigersscor] [ s | expression.
[Maspasseosl [ 1 |
[oserconpumiosorseos | 30|

«Q.3 Cakulate COF b,

& Posine 1o 550 Jon layer (output from tool O, SSO Score, Step 2) ; Q.3 Calculate COF
COF Score (feid) Tool calculates the
COF composite Consequence of

COF Weighting (expression) Fadure (COF) score, based
on the component parameter
scores that are populated in
the Pipelne layer attnbute

Default Weighting (%)

Public Health [PublicMealthScore]
Utility Repair Safety [UtilitySafetyScore]
Customer Loss [CustomerLossScore]

=
Utiltiy Repalr [UtilityRepairScore) .
Service Area [ServiceAreascore] “ ® Poeine 1o 550 Jon layer (output from tool O, SSO Score, Step 2) o R.3 Calculate Risk

be adwsted using the variable

R.3 Calculate Risk Score

! Score
REfs
(ROF]*{COF])/10 2 Too!g&n.ev'mes a Fixsk‘Scove
Pmhlog g ) ; posciingisturglo o
egment, based on the
Likelihood of Failure (LOF)
and Consequence of Failure
(COF) scores. The LOF and
COF composite scores are
calculated in the Pipeline
layer attribute table using
Risk Tools A through O.
(THIS TOOL MAY TAKE
SEVERAL MINUTES TO
RUN TO COMPLETION.)

F:\usersshare \matt stahl| PROECTSISIRA GIS|StyleSheets_GravityLne!

Risk Score
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Technical and Python Highlights

 Summary Reports (Matplotlib, ArcGIS DDP)

. Grouped Rank: ; s | S
Report/Plot Summary Statistics S e aaand® | “Mai "

Grouped Assets

(ArcGIS table) —

Total Length (ft]. 8,008

Tools

Individual Values
(ArcGIS table)

alculate COF
alculate Risk Score

.3 Summary - Group Rank

3 Summary - Plot LOF

Summary - Plot COF

Summary Plots
(Matplotlib jpegs via
Raster Catalog)

ummary - Plot Score
Sumrmnary - Plot Rank
Sumrmnary - Index Assets
Z.3 Summary - DDP Select

Locator Map sk score components
(ArcGIS DDP) 13

exeszmen(Tocls_DOP.md
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Future Development

Meeting

* Scoring Matrix
Interface/Editing

— Weights currently
edited within Model-
Builder tool dialog

Matrices

Tool (EHE
Interface ==

Code

— Python dictionaries as
lookup tables to
improve ease of matrix
editing & transfer to
new projects

| Matrices
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Questions?

e Useful References
— ESRl.com
— Python.org
— Matplotlib.org
— Stackoverflow.com

e Contact Information
Matt Stahl

mstahl@apaienv.com

Alan Plummer Associates, Inc.
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