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Executive Summary 
 

 The objective of the Cornell Local Roads Program is to utilize the data collected from the 

field and implemented in the Cornell Asset Management Program – Roads & Streets (CAMP-RS) 

software to determine the condition and recommend the ideal repair for each road section. 

Based on the repair type and size of the road, a cost is calculated. The combined costs for all 

the repairs are used to develop a realistic five year budget plan.  

 

 

 

 

 

 

 

 

 

The Cornell Local Roads Program and its software place an emphasis on “keeping the 

good roads good.” Often times municipalities focus on fixing their worst roads first. This takes 

rehabilitation or total reconstruction of the roadway which costs anywhere from 6 to 10 times 

more than preventative and corrective maintenance (Figure 1).  In the first 75 percent of a 

pavement’s life, its performance level only drops from excellent to fair. In the next 12 percent 

of its life, the pavement starts to deteriorate more rapidly and its condition drops to very poor.  

Figure 1. Pavement Deterioration/Rehabilitation 
Relationship 
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Focusing on the roads in good condition first extends the lifetime of the road drastically. 

The CAMP – RS software is programmed to input the repairs for the roads that score higher first 

in the 5 year plan, followed by the roads with the lowest score that require rehabilitation and 

reconstruction. After the roads are rebuilt, the objective is to maintain them periodically so 

they do not have to be rebuilt again any time in the near future.  

 

Project Parameters 
 

 The Town of Farmington Highway Department hired Corey Hurley as their 

summer intern to participate in the Cornell Local Roads Program for the summer of 2018. Corey 

was sent to Cornell University for 3 days at the end of May where he was instructed on 

pavement structure and materials, road failure types and causes, the different repair options, 

how to utilize the CAMP-RS software, cost determination of repair alternatives, and the field 

condition rating process for different pavement surfaces. Corey was joined by Paul Crandall, the 

Safety Officer for the Farmington Highway Department, for the final 2 days of training. Paul 

acted as Corey’s supervisor for the remainder of the project.     

To update the data from the previous report in 2014 and to ensure accuracy all road 

lengths and widths were measured prior to the condition survey. The total length of roads the 

Town of Farmington Highway Department is responsible for was measured out to 91.207 miles 

which is an increase from 90.63 highway miles in 2017. 

 Upon the completion of measuring the roadways, the field condition surveys began. The 

91.207 miles of roads were broken up into 208 sections. There are nearly 190 roads in 

Farmington, but some were separated further based on major intersections and road width 

changes. 

 Each road section was inspected for longitudinal/transverse cracking, alligator cracking, 

edge cracking, patching/potholes, rutting, bleeding, drainage, and roughness (the condition 
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survey sheet can be found in Appendix A). Patching/potholes were rated based on extent while 

bleeding, drainage, and roughness were rated based on severity. The remaining defects were 

rated based on severity and extent. An example of a condition survey for one of the road 

sections can be found in Appendix B. While the roads were inspected, the shoulder type, traffic 

volume, and road importance were documented to keep an inventory of all the roads and their 

sections (Appendix C shows the inventory forms used).  

Based on the results from the condition survey, a pavement condition index (PCI) was 

calculated in the CAMP-RS software for every section surveyed. The PCI ranges from 0 to 94. If a 

roadway scores a PCI of 94 it is considered in perfect condition with no repairs necessary at that 

given time. The average PCI from the 2018 survey was 88 which is an improvement from the 

2014 average of 85. The PCI is used as an indicator for the recommended repair for the road 

(see Appendix L for the PCI index map). The defects present in each section are what determine 

the repair category. The 8 different repair categories are reconstruction, rehab, overlay, 

drainage work, surface treatment, patching, crack repairs, and deferred maintenance (see 

Appendix D for the repair category form).  

All of the repair categories have their own priority value which is applied to the priority 

value equation in the decision trees (see Appendix M for the priority value equation). The 

decision trees contain the repair category, importance, traffic, PCI, drainage, and roughness 

(see Appendix E for the decision trees setup and explanation). The values of the decision trees 

can be adjusted so some properties are weighted more heavily than others. For this survey, it 

was deemed adequate for all the decision trees to be weighted evenly. The priority value 

calculated for each road section is what determines when the repairs should be made. The 

higher the priority value, the earlier the repair is recommended to be made. The CAMP-RS 

software creates a 5-year budget report that displays the year each repair for every section 

should be performed. 

After the condition survey is complete, the CAMP-RS software issues a repair category. 

In order for the cost to be calculated, a repair needs to be applied to each section. The CAMP-

RS software is equipped with a list of repairs that each have a unit cost per linear or square 
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foot, depending on the application, for every repair category. To ensure only repairs performed 

in Farmington were selected, a list of repairs made by the Town of Farmington Highway 

Department as well as those that are contracted out was created by Don Giroux, the Highway 

Superintendent for the Town of Farmington (see Appendix F for the repairs list). 

Some of the repairs performed on the list were already included in the CAMP –RS 

software with a unit cost. The price for each repair varies throughout the state and by year, so 

the unit cost for all repairs was re-calculated (see Appendix I for the future asphalt price 

prediction). This required the use of a spreadsheet provided by the Cornell Local Roads 

Program. The labor, materials, and equipment costs for the length or area completed per day 

for each type of repair was accounted for in this calculation. An example of the repair unit cost 

calculation for a single chip seal is provided in Appendix G.  

After a unit cost is determined for each repair type, the total repair cost for each section 

can be calculated when a repair is applied in the CAMP-RS software. The unit cost is multiplied 

by either the section area or length (depending on the repair). The software recommends a list 

of different repairs based on the repair category the road section falls under due to the defects 

noted in the condition survey.  

Every year, the Farmington Highway Department plans for: 

 9 miles of chip sealing 

 2 miles of fiber mat/cape sealing 

 3,000 gallons of crack sealing 

The road sections with these recommended repairs along with all the other repair types 

are listed in Appendix H.  

The total combined cost for all the repairs accounted for in the CAMP-RS software 

equals out to $3,026,885. With a 2% increase applied per year to compensate for inflation and 

equipment, labor, and material price fluctuations, the average total road repair cost per year 

over the next 5 years comes out to $630,000. Based on the section 284 of the highway law for 

the Town of Farmington for the 2018 fiscal year, $443,835.61 was set aside for the permanent 
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improvements of Town highways, $112,198.06 was dedicated for the approximate 9 miles of 

chip sealing, and $40,707.81 was budgeted for the 3,000 gallons of crack sealing. The total sum 

of the 3 equals out to $596,741.48. Based on the repair costs formulated through the CAMP-RS 

software, year 1 of the 5 year budget plan would require $605,377 for Town highway 

permanent improvements, chip sealing, and crack sealing. This is a 1.45% increase from the 

2018 to 2019 fiscal year. With a 2% increase per year thereafter, the costs for the remaining 

years of the 5 year budget can be found below in Table 1.  

 

 

 

Conclusion 
 

 The Cornell Local Roads Program and CAMP have proven to be an important tool in 

planning and budgeting for future road maintenance and construction projects in the Town of 

Farmington. This was the second time the Farmington Highway Department conducted a report 

on their roads in the past 5 years. The initial report was completed by summer intern, Joshua 

Ren, in 2014, followed by this report prepared and written by summer intern, Corey Hurley, in 

2018. From 2014 to 2018 there has been an overall improvement in the condition of the roads 

Budget Year Amount Required ($) 

1 605,377 

2 617,485 

3 629,834 

4 642,430 

5 655,280 

Total ($) 3,150,406 

Table 1. The projected 5 year budget plan from 2019 -2023 for permanent improvements,  chip sealing, 

and crack sealing for the Town of Farmington.  



P a g e  | 8 

 

maintained by the Farmington Highway Department. This trend is expected to continue as long 

as the repairs generated by the CAMP-RS software and summer intern are completed. It is 

essential for the proposed budget amounts to be provided so the repairs can be performed 

properly. Roads repaired at the appropriate time increase the longevity of the road and can 

save 6 to 10 times the money in the future. Each report constructs 5 year maintenance and 

budget plans, so it is recommended the Farmington Highway Department continues to hire a 

summer intern to update the road conditions and repairs at a maximum of every 5 years. 
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Roads Condition Data 
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Appendix A – Road Condition Survey Form 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Cornell Asset Management Program – Roads & Streets  CAMP–RS (2014)  



 

 

Appendix B – Road Condition Survey Example 
 

 

 

 

 

 

 

 

 

 

 

 

CAMP-RS Software 



 

 

Appendix C – Pavement Inventory Form 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Cornell Asset Management Program – Roads & Streets  CAMP–RS (2014)  



 

 

Appendix D – Repair Categories 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

CAMP-RS Software 
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Appendix E – Decision Trees 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
CAMP-RS Software 
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Appendix E – Decision Trees 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
CAMP-RS Software 



 

 

Appendix E – Decision Trees 
 

The CAMP-RS Software utilizes decision trees to determine the recommended repair category 

and PCI deduction for every possible distress. On the 3x3 matrix for every distress type, extent 

is the vertical axis and severity is the horizontal axis. A low extent, low severity distress 

corresponds to the top left entry and a high extent, high severity corresponds to the bottom 

right entry. The drainage, roughness, bleeding – raveling, and patching/potholes distress 

categories only have a 1x3 matrix because they are measured based only on severity or extent 

instead of both. The PCI deductions accumulate depending on the distresses noted for every 

road section. Each road is assigned a repair category based on the highest category index 

number it receives which is listed next to the repair category name. 

Example: One of the roadway sections has medium severity and moderate extent 

longitudinal/transverse cracking along with medium severity bleeding – raveling. The 

longitudinal/transverse cracking results in a PCI deduction of 8 and the bleeding – 

raveling deducts 5. The net PCI would be 94-8-5 = 81. The longitudinal/transverse 

cracking selects 44-Surface Treatment for the recommended repair category and the 

bleeding – raveling selects 45-Overlay. Overlay has the higher index value number, so it 

becomes the recommended repair category for the road section.    



 

 

Appendix F – Repairs List 
 

All repairs completed by the Town of Farmington Highway Department on their asphalt 

pavement roads along with their unit costs and life expectancies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix G – Chip Seal Unit Cost Calculation 
 

The estimated overall cost accounting for materials, labor, and equipment on a chip seal project. 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix G – Chip Seal Unit Cost Calculation 
 

The estimated cost for labor and equipment on a chip seal project. 
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Appendix G – Chip Seal Unit Cost Calculation 
 

The estimated material cost of a chip seal project 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix H – Road Section Repair Types & Costs 
Road Sections with Recommended Crack Sealing (Sorted by High to Low Priority) 
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Appendix H – Road Section Repair Types & Costs 
 

Additional Road Sections with Recommended Crack Sealing (Sorted by High to Low Priority) 
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Appendix H – Road Section Repair Types & Costs 
 

Road Sections with Recommended 1.5” Mill & Fill (Sorted by High to Low Priority) 

 

 

 

 

 

 

 

 

Road Sections with Recommended 1.5” Overlay (Sorted by High to Low Priority) 

 

 

 

 

 

Road Sections with Recommended 2” Mill & Fill Reshape (Sorted by High to Low Priority)   

 

 

 

 

 

 



P a g e  | 37 

 

Appendix H – Road Section Repair Types & Costs 
 

Road Sections with Recommended 2” Mill & Fill Reshape & Replace Gutters 

 

 

 

 

Road Sections with Recommended Single Chip Seal (Sorted by High to Low Priority) 

 

 

 

 

 

 

 

 

 

 

 

Road Sections with Recommended Cleaned Gutters (Sorted by High to Low Priority) 

 

 

  

 

Table 7.  Road Sections with Recommended Single Chip Seal (Sorted by High Priority to Low 

Priority) 
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Appendix H – Road Section Repair Types & Costs 
 

 

 

 

 

 

Road Sections with Recommended Contour Mill & Overlay (Sorted by High to Low Priority) 
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Appendix H – Road Section Repair Types & Costs 
Road Sections with Deferred Maintenance 
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Appendix H – Road Section Repair Types & Costs 
 

Road Sections with Recommended Fiber Mat / Cape Seal (Sorted from High to Low Priority) 

 

 

 

 

 

 

 

 

 

 

 

 

Road Sections with Recommended Concrete Gutter Replacement 

 

 

 

 

Road Sections with Recommended Semi-Permanent Patching (Sorted from High to Low Priority)  
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Appendix H – Road Section Repair Types & Costs 
 

 

Road Sections with Recommended T & L 1” Overlay (Sorted from High to Low Priority) 

 

 

 

 

 

 

 

 

Road Sections with Recommended Total Reconstruction with Underdrain (Sorted from High to 

Low Priority) 

 
 

 

 

  

 

 

 

 

 



P a g e  | 42 

 

Appendix I – Asphalt Price Prediction 
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Appendix J – Predicted Spending by Repair 

Category 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Repair Category Total Predicted Spending over 5 Years ($) 

Crack Repairs 101,307 

Drainage Work 364,102 

Overlay 1,069,967 

Patching 53,945 

Reconstruct 92,974 

Rehab 1,041,662 

Surface Treatments 302,928 

Crack Repairs 
3% Drainage Work 

12% 

Overlay 
35% 

Patching 
2% 

Reconstruct 
3% 

Rehab 
35% 

Surface 
Treatments 

10% 

Total Predicted Spending over 5 Years 
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Appendix K – Description of Distresses 
 

Longitudinal/Transverse Cracking 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Longitudinal cracks run parallel to the center of the road. They are usually found at the 

construction joints and in between lanes. Transverse cracks run perpendicular to the roadway 

centerline. Transverse cracks are normally spaced at even intervals due to expansion and 

Creek View Trail  
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contraction of the surface material. Longitudinal and transverse cracks are known to be 

reflective and appear above joints and cracks from lower pavement levels. 

 

Severity: 

Low – Thin cracks that are around the width of a pencil tip and have little to no spalling. These 

cracks may have already been crack sealed at a prior time, but are starting to reappear. 

Moderate – Cracks are up to a ¼” in width and have some spalling. Smaller cracks are beginning 

to appear off of the main branches.  

High – Cracks are easily noticeable and well-defined with deposits of foreign material like sand 

and stones. The pavement is spalling and starting to break apart. 

Extent: 

Low – The longitudinal cracking covers less than 10% of the road length and transverse cracks 

are at 50’ intervals or larger, 

Moderate – 10-30% of the section length is covered in longitudinal cracks and the transverse 

cracks are between 25’ and 50’ apart. 

High – Over 30% of the section length has longitudinal cracking and the transverse cracks are 

less than 25’ apart. 
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Alligator Cracking 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Alligator cracking is the interconnected crack patterns that closely resemble alligator skin or 

chicken wire. The pavement pieces range from 1” to 6” on a side.  

Severity: 

Low – The alligator crack pattern is just beginning to appear, but they have no measurable 

width and there is no actual pavement separation visible. 

Windigo Lane 
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Moderate – Cracks are easily noticed and up to 1/8” wide with some pieces breaking apart 

Severe – Cracks are 1/8” or wider and the pavement is starting to break away from its original 

location.  

Extent: 

Low – Alligator cracking covers 1-10% of the roadway section. 

Moderate – The alligator cracking covers 10-30% of the roadway section. 

High – Over 30% of the roadway section has alligator cracking present 

 

Edge Cracking 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Town Line Road 
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Edge cracks are adjacent and run parallel to the edge of the pavement. They are normally 

confined to 2 feet from the pavement edge, but can make their way into the travel lane if 

they’re not treated.  

Severity: 

Low – Cracks are evident, but are less than 1/8” wide and no more than 12” from the pavement 

edge. No breakup has occurred.  

Moderate – There are multiple cracks that run along the edge of the pavement and extend up 

to 24” into the pavement. Some raveling and breakup is present. 

High – The edge cracking is extensive and over 24” into the roadway. They are starting to look 

like alligator cracks. 

Extent: 

Low - Less than 10% of the roadway section has edge cracking present.  

Moderate – 10-30% of the section length has edge cracking. 

High – Edge cracking covers over 30% of the section length. 
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Drainage 
 

 

 

 

 

 

 

 

 

 

 

 

The ability for water to flow from a paved area to a location that is not a contributor to the 

roadway and its conditions are how drainage conditions are determined. Accumulation of 

debris, fine materials, and the high water mark are useful indicators of any existing drainage 

problems. 

Condition:  

Good - Water does not accumulate on the pavement surface. There is a visible crown in the 

road with clean, clear, and functioning ditches, gutters, and any other drainage structures.  

Fair – Water occasionally accumulates on the road. The crown has started to lose its grade and 

the ditches, gutters, as well as any other drainage surfaces are in need of maintenance. 

Limestone Lane 
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Poor – Water remains on the pavement surface for an extended period of time after a rainfall. 

The roadway has almost completely lost its crown and the ditches, gutters, and other drainage 

structures are no longer functioning. 

 

Patching/Potholes 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patching is defined as any area where the original pavement was removed and replaced with 

deterioration occurring. Potholes refer to pieces of pavement that have broken away and 

resulted in a bowl-shaped depression. 

Severity: 

Low – Less than 10% of the area has patching with fewer than 5 potholes for every 100’ of 

section length. 

Farmbrook Drive  
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Moderate – 10-30% of the section area has patching with approximately 5-10 potholes per 

100’. 

High – Patching covers over 30% of the section area with more than 10 potholes for every 100’ 

of section length. 

 

Roughness 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pavement roughness refers to any irregularities in the roadway surface that impact the 

smoothness of the ride. 

Condition: 

Carriage Court  
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Good – The road has an even surface that makes for a smooth ride. This generally refers to new 

and recently resurfaced roadways. 

Fair – Unevenness in the roadway is noticeable but drivers can continue to travel at the posted 

speed limit. 

Poor – The pavement is overly uneven and may cause a safety hazard for vehicles attempting to 

travel at the posted speed limit. 

 

 

Rutting 
 

 

 

 

 

 

 

 

 

 

 

 

 

Rutting refers to the channels in the pavement along the vehicle wheel path and creates water 

accumulation on the road surface. 

Loomis Road 
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Severity: 

Low – Ruts are less than ½” deep.  

Moderate – Ruts are between ½” and 1” deep. 

High – Ruts are over 1” deep and water is accumulating on the road surface. 

Extent: 

Low – Rutting runs along less than 10% of the section length.  

Moderate – 10-30% of the road surface is covered by rutting. 

High – Over 30% of the road surface is covered by rutting. 

 

Bleeding 
 

 

 

 

 

 

 

 

 

 

 

 

Allen Padgham Road 
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Bleeding refers to the extra asphalt material on the roadway surface. Excessive bleeding can be 

a safety hazard due to decreased skid resistance. 

Condition:  

Good – There is no bleeding present or only isolated spots of bleeding can be seen. 

Fair – Bleeding covers approximately 5% of the roadway surface. 

Poor – Over 30% of the road surface has bleeding. 

 

Raveling  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Farmington Road 
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Raveling refers to the wearing away of the pavement surface due to the loss of aggregate and 

asphalt binder. Raveling includes the loss of both fine and coarse aggregate. This creates a 

rough and pitted surface and the missing aggregate is obvious.  

Condition: 

Good – None to minor loss of fine aggregate.  

Fair – Loss of fine aggregate and minor loss of coarse aggregate. 

Poor – Loss of coarse aggregate.



 

 

Appendix L – PCI Index Map 
 

The following maps represent the PCI grades each road section received and are distinguished 

by color. All roads that have been colored are maintained by the Farmington Highway 

Department. Any sections that are not colored are either private, county, or state roads. 

Maintenance of these roads is not the Farmington Highway Department’s responsibility.  
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Appendix M – Priority Value Equation 
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