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• Project: Perform a business risk assessment of the 
SJRA, 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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• 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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• 9 Steps to a Business Risk Assessment 
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• 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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• 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 

.
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• 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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• Toolbox Layout (4 asset groups) 

– LOF 

– COF 

– Score and Plot 
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• Field Mapping to Import Data to Geodatabase 
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• Custom Scoring Matrices 
100

Yes No Health and Safety (injury, illness) Weight

Y 1 Public health and safety 10

Y 2 Utility employees/contractor  health and safety 10

Financial

Y 3 Customers - Loss of service or critical facility 10

N 4 Utility - Loss of revenue

Y 5 Utility - Repair cost - Burial depth 10

N 6 Utility - Liability

N 7 Utility - Inhouse Repair Capability

Public Confidence - Image 

Y 13 Size of the Service Area 15

Y 14 Loss of service to critical facilities 15

N 15 Traffic Impacts

N 16 Probability of Media Coverage

Infrastructure

Y 10 Proximity to main roads or railroads 10

Regulatory/Environmental

Y 11 Discharge to Sensitive Environments 10

Y 12 SSO impacts/Permit violation 10

Other

N 13 Burial Depth(in cost of repair)

N 14 Access (In cost of repair)

15

16

17

Good data available

Some data available

Little/No data available or data availability unknown

CONSEQUENCE OF FAILURE COMPONENTS
STRUCTURAL 100

Yes No Pipe Properties Weight

N 1 Condition (rating via direct inspection)

Y 2 Staff opinion of condition 15

N 3 Repair history (# / 100 ft / yr)

N 4 Time since second most recent repair (yr)

Y 5 Age (yr) 25

Y 6 Material 25

N 7 Joint Type

N 8 No of connections (# /foot)

N 9 Installation Contractor

External Corrosion (Post Processing)

N 10 Soil resistivity (ohm-cm)

N 11 Soil chemistry - sulfates in soils (%)

N 12 Soil Moisture

N 13 Stray current

N 14 External corrosion protection

Internal Corrosion

Y 16 H2S data & Some sulfate data 10

N 17 Internal corrosion protection

External Stresses

N 18 Burial depth (ft)

N 19 Embedment zone backfill (quality of pipe bedding)

N 20 Traffic Load

Hydraulic

Y 21 Flow Profile (% full - Hydraulic model) 15

N 22 Blockage history (# / 1,000 ft / yr)

N 23 Surcharge conditions

Performance

Y 24 Odor complaints 10

N 25 SSO’s (# / 1,000 ft / yr)

Others

26 Accessibility (monitor performance & Condition)

Good data available

Some data available

Little/No data available or data availability unknown

LIKELIHOOD OF FAILURE COMPONENTS
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• 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.  
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• 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) 
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• 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 
SSO’s, negative pipeline slopes) 

– Matrix Scoring (all tool LOF and COF 
components) 
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• Data Processing Components (continued) 
 

Diameter (in) Road Class
UtilityRepair 

Score
Diameter (in) Road Class

UtilityRepair 

Score

0 to 6 5 0 to 6 8

8 to 12 6 8 to 12 8

14 to 18 7 14 to 18 10

20 to 30 8 20 to 30 10

33 to 42 9 33 to 42 10

> 48 10 > 48 10

0 to 6 3 0 to 6 4

8 to 12 4 8 to 12 5

14 to 18 5 14 to 18 6

20 to 30 6 20 to 30 7

33 to 42 7 33 to 42 8

> 48 8 > 48 9

0 to 6 2

8 to 12 2

14 to 18 3

20 to 30 4

33 to 42 5

> 48 5

UNKNOWNMAJOR

LOCAL

FREEWAY; 

FRONTAGE; 

ACCESS

RAILWAY



Tool Features 

19 

• 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) 



• Results Output: Map Exhibits (ArcGIS) 
                  Gravity Mains Age Score 
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• Results Output: Reports (Matplotlib, ArcGIS DDP) 
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• Field Mapping 
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• Tool Customization 
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• Tool Customization (continued) 
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• Arcpy Cursors – Ex 1: Data Processing (Pipe Age) 
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• Arcpy Cursors – Ex 2: Geoprocessing (Road Prox) 
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• Arcpy Cursors – Ex 3: Calculations (Hydr Capacity) 
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• Risk Calculation 
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• Summary Reports (Matplotlib, ArcGIS DDP) 

 
 

Summary Statistics 
(ArcGIS table) 

Individual Values 
(ArcGIS table) 

Locator Map  
(ArcGIS DDP) 

Summary Plots 
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• Scoring Matrix 
Interface/Editing 
– Weights currently 

edited within Model-
Builder tool dialog 

 

 

 

 

– Python dictionaries as 
lookup tables to 
improve ease of matrix 
editing & transfer to 
new projects 
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• Useful References 

– ESRI.com 

– Python.org 

– Matplotlib.org 

– Stackoverflow.com 

• Contact Information 
Matt Stahl 

mstahl@apaienv.com 

Alan Plummer Associates, Inc. 

 


