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• Many variables can influence water main deterioration 
* GIS analysis limited to variables with data availability 
* GIS models grade segments based on each variable 
 

• Each segment’s variable grades are weighted  
• Overlay analysis produces a single comprehensive grade 
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Geospatial Capital Investment Toolset (GCIP) 

• (1) Repair Model 
• (2) Water Quality Model 
• (3) Life Model 
• (4) Critical Points Model 
• (5) Fire Flow Model 
• (6) Hydraulic Layer 

§ Pipe Criticality 
§ Pipe Fire Flow Capacity 

• (7) Weighted Overlay Model 

 
 

GCIP Toolbox 

Targets only applicable variables with 
sufficient data to support analysis 
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 Repair Model 

  

• Measures: 
§ The repair rate for each main segment.  

• Reason: 
§ Past breaks are often a predictor of future breaks. 

• Input / Output:  
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Quality Complaints 
• Measures: 

§ Distance to nearest quality related complaint  
§ Density rate of local quality related complaints  

• Reason: 
§ Properly sorted complaints are one indicator of failing infrastructure. 

• Input / Output:  
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Water Quality Model 
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Water Quality Distance & Density Analysis 
• Distance: 

§ Measures distance through the network to nearest 
complaint. 

 
• Density: 

§ Measures “intensity” of complaints. 
 

• (Density Score * 80%) + (Distance Score * 20%) = 
Water Quality Score 
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Life Expectancy 
• Measures: 

§ The percent of life spent per segment.  
• Reason: 

§ Life expectancy can be a predictor of future breaks.  
• Input / Output:  



12 



13 

Critical Points 
• Measures: 

§ The distance to three categories of critical points.  
• Reason: 

§ Outages near certain areas (e.g., hospitals, schools, or industry) are more 
expensive and/or disruptive to company & public.  

• Input / Output:  
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Fire Flow 
• Measures: 

§ Available fire flow. 
• Reason: 

§ Low fire flow can be indicator of undersized and/or failing infrastructure.  
• Input / Output:  
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Hydraulic (Criticality & Capacity) 
• Measures: 

§ Criticality - Percent system loss if main segment is out of service. 
§ Capacity - Mean velocity per segment during Max Day fire flow. 
§ Smaller # of mains effected by this model. 
§ Only model not scored or weighted.  

• Reason: 
§ Political & Monetary cost avoidance of overly disruptive outages or coverage failures. 
§ Input / Output:  
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Weighted Overlay 

• Measures: 
§ The numeric total of user weighted scores for Repair, Quality, Life, Critical 

Points, and Fire Flow models.   
§ Criticality & Capacity analysis results appended.  

• Reason: 
§ Weights provide flexibility for situational user analysis needs.    
§ Common grade scale ranking allows for objective multivariate comparison, 

which can be a valuable planning tool.   
§ Appended hydraulic results individually identify potential hydraulicly critical 

infrastructure within the comprehensive scores.  
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Weighted Overlay Input / Output 
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Questions? 
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Model Diagrams 
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Repair Model 
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Water Quality Model 
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Life Model 
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Critical Points Model 
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Fire Flow Model 
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Weighted Overlay Model 
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Break Rate Equations 

• Traditional Rate 
§ Included for “pipe class” summary data or “regional” analysis 
§ RR = Repair Count / (Segment Length in ft / 5,280) / Duration 
§ Answer Reads: 

u “X breaks per mile per year” 
§ Highly Variable by segment length 
§ Not Desirable for segment based “Grade” scoring 
 

• GCIP Rate (inverse frequency) 
History = "1/1/1996"   *set as oldest repair history date available* 
x = DateDiff ("yyyy", [Install Date], now) 
y = DateDiff ("yyyy", History, now) 
If x < y then 
Solution = 1/ ([Repair Count] / x) 
Else  
Solution = 1/ ([Repair Count] / y) 
Endif 
§ GCIP Answer Reads: 

u "This main breaks every X years.” 
u Desirable for segment based “Grade” scoring 
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Various Overlay  
Map Display Options 
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Opportunities for Improvement 

• Changes to Life Model 
§ Replace with Condition Based Assessment (CBA) Model 
§ Requires much more data in GIS format 
 

• Changes to Repair Model 
§ Weight Main Break by Repair Cost 
§ Tolerance of repair rate can vary greatly depend on type & location 

of water main break 
 

• Changes to All Models 
§ Add more scoring classes 
§ Will add more resolution to analysis 
§ Final maps can still be summarized into 5 classes for visualization 
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