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Executive Summary 
 

 The Objective of the Cornell Local Roads Program is to utilize data collected on all the 

roads in a town, city, or county and Implemented in the Cornell Asset Management Program – 

Roads & Streets (CAMP-RS) Software to determine the best type of repair, and best year to do 

that repair, for roads based on the condition, importance, and traffic of the road and the available 

funds for that year. Then using the repair type and the road's size, the repair cost is calculated. A 

realistic five-year Budget is developed Using the repair cost of all the road repairs. 

  

 

 

 

 

 

 

 

 

 

 

 

 When determining what roads need what repairs, the Cornell Local Roads Program and 

CAMP-RS software Emphasis “Keeping the good roads good.” More often than not, 

municipalities put their efforts into fixing their worst roads first. Doing so allows the roads that 

could have been easily and cheaply repaired to degrade to a point where it takes rehabilitation or 

reconstruction to fix. Roads that take rehabilitation or complete reconstruction cost roughly 6 to 

10 times more than preventative and corrective maintenance (Figure 1). After the first 75% of 

the road’s life, there is a 40% drop in the quality of the road, and in the next 12% of the road’s 

Figure 1. Pavement Deterioration/Rehabilitation 
Relationship 

“Cornell Asset Management Program – Roads & Streets CAMP–RS (2014)” 
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life, there is another 40% drop in the quality of the road surface due to increased degradation 

(Figure 1). 

Focusing on the roads that are in good condition first, rather than those in bad condition, 

drastically extends the lifetime of the good roads. The CAMP-RS software has been programmed 

to put the higher-scoring roads earlier in the 5-year plan and the lower-scoring roads that require 

rehabilitation and reconstruction later in the 5-year plan because once a road gets bad, it cannot 

get much worse. After the roads are rebuilt, the Cornell Local Roads Program's objective is to 

use periodic maintenance to prevent unnecessary expensive repairs in the future. 

 

Project Parameters 
 

 During the Summer of 2023, the town of Farmington hired Winter Lenhard as their 

summer intern to participate in Cornell Local Roads Program. Winter spent one day at the end of 

May where he was instructed on Pavement structure and materials, types of failures and their 

causes, different repair options, how to use the CAMP-RS software, cost determination and 

repair alternatives, and the field condition rating process for different pavements surfaces. For 

the training, Winter was joined by Paul Crandall, the safety Officer for Farmington's Highway 

Department. Paul then acted as Winter's supervisor for the remainder of the Project. 

           To update the data from the previous 2018 report, the length and widths of all new roads 

were measured and added to the software. The total length of all the roads that the Town of 

Farmington Highway Department is responsible for was measured at 95.757 miles, an increase 

of 4.55 from 91.207 miles in 2018. 

           After the new roads were added to the database, the condition survey of the roads began. 

The 176 roads in Farmington, 15 more than in 2018, were broken into 218 different sections. 

Some roads were broken into sections at intersections, pavement type changes, or to prevent one 

section of road from being too long. 

           Each section of road was inspected for many defects, including longitudinal/transverse 

cracking, alligator cracking, edge cracking, Patching/Potholes, rutting, bleeding, drainage, and 

roughness (condition survey sheet in Appendix A). Patching/Potholes were rated on just the 
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extent of the damage, bleeding, drainage, and roughness were rated based only on the severity of 

the damage, and the rest of the defects were rated on both extent and severity. An example of the 

condition survey as it appears in the software can be found in Appendix B. 

           After inputting the condition survey into the CAMP-RS software for all road sections, the 

software calculated a Pavement Condition Index (PCI). The PCI ranges from 0 to 94. The 

highest PCI a road can score is a 94, and the worse the condition of the road, the lower the PCI 

will be. The average PCI in 2023 was 89, Higher than in 2018. Also, the lowest-scoring road in 

2023 had a PCI of 70, scoring higher than the five lowest-scoring roads of 2018 and 18 PCI 

above the lowest-scoring road of 52 in 2018. The PCI is used as an indicator in determining the 

proper repair for the road (See Appendix L For PCI index map). The type of defects and damage 

in each section is what determines the repair category. The eight repair categories are rehab, 

overlay, surface treatment, patching, crack repair, reconstruction, drainage work, and differ 

maintenance. (See Appendix D for the repair category form). 

Each repair category has a priority value associated with them which is applied in the 

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

The decision tree contains the repair category, importance, traffic, PCI, drainage, and roughness 

(see Appendix D for the decision tree explanation and setup). The values for the decision trees 

can be manually adjusted so that some properties are weighted more heavily than others. 

However, for this survey, all were weighted evenly. The priority values calculated for each road 

section help determine when the repairs should be made. The higher the road's priority value, the 

earlier the software recommends repair. The CAMP-RS software then creates a 5-year budget 

report that assigns the year each repair for each section should be performed. (The repairs 

separated by year can be found in Appendix L). 

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

Afterward, a specific repair in the repair category is chosen. Then using that repair, and the 

length and width of the road, a cost, either per linear foot or per square foot, is calculated. In the 

CAMP-RS software, there is a list of repairs with a price attached to them, calculated 

independently by the user. A list was made to ensure only repairs Farmington performs were 

selected. (See Appendix E for the list of all repairs on the roads in Farmington).  
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           Some of the repairs that Farmington performs were already on the list in the CAMP-RS 

software with a unit cost. The prices for each repair vary throughout the year and throughout the 

state, so the unit cost must be recalculated for the time and location. A spreadsheet provided by 

the Cornell Local Roads Program was used to calculate those unit costs for all repairs. Using the 

cost of the labor, materials, and equipment needed for the area or length of road completed per 

day, a cost was calculated for each type of repair. An example of this calculation for a chip seal 

is provided in Appendix F. 

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

can be calculated using the unit costs. The unit cost is multiplied by, depending on the repair 

type, either the area or the length. The repairs that the software recommends are based on the 

category of the repair determined by the type of damage. 

In 2023, the Farmington Highway Department planed for: 

• 11 miles of chip sealing 

• 2,000 gallons of crack sealing 

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

are listed in Appendix G. 

The total Combination of all repairs accounted for in the CAMP-RS software equals 

$2,989,466 and a total of $3,168,000 with accounting for a 2% increase applied annually to 

compensate for inflation, equipment price changes, labor increases, material price fluctuations, 

etc. the average total cost of repairs comes out to $633,600 every year for the following five 

year, $139,395 less than the average of $772,995 of the 2018 report, after adjusting for inflation. 

Based on section 284 of the Highway law for the town of Farmington for the 2023 fiscal year, 

$942,605.82 was budgeted for the permanent improvement of the Towns Highways, However, 

some of this was for a capital project, $252,260 was budgeted for Chip sealing, and $35,920.81 

was budgeted for the 2,000 gallons of crack sealing. The total sum of the three comes out to 

$1,230,786. Based on the repair cost formulated through the CAMP-RS software, year 1 of the 

5-year budget plate would require $611,157 for Town Highway permanent improvements, chip 

sealing, and crack sealing. With a 2% increase for each year after 2024. the cost for the 

remaining years of the 5-year budget can be found below in Table 1 and the Repairs for each 

year can be found in Appendix L. 
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Conclusion 
  

 The Cornell Local Road Program and CAMP-RS software have proven a valuable tool in 

planning and budgeting future road maintenance and construction for the town of Farmington. 

This was the third time the Farmington Highway Department conducted a survey and report on 

the roads using the Cornell Local Roads Program and CAMP-RS software. The first report in 

2014 was completed by Joshua Ren, then by Corey Hurley in 2018, then by Winter Lenhard, 

who prepared and wrote this report, in 2023. From 2014 to 2018 and 2018 to 2023, there was an 

overall increase in the road condition on roads maintained by the Farmington Highway 

Department. The lowest-scoring road in 2023 (scoring 70 PCI) was 18 PCI higher than the 

lowest-scoring road in 2018 (52 PCI) and scored higher than the five lowest-scoring roads in 

2018. The trend of the roads maintaining their high quality is expected to continue as the repairs 

generated by the CAMP-RS software and summer intern are completed. The proposed budget 

amount must be provided to perform the repairs correctly. Repairing roads at the appropriate 

time and with the appropriate repair can increase the longevity of the road and, in the long term, 

save roughly 6 to 10 times the money. Each report only accounts for five years of maintenance 

and budgeting, so it is recommended that the Farmington Highway Department continues to Hire 

a summer intern at a maximum of every five years to update the road conditions and repairs and 

to add any new roads to the database as well as to produce a new 5-year budget.

Budget Year Amount Required ($) 

2024 611,175 

2025 631,830 

2026 636,817 

2027 647,803 

2028 640,375 

Total ($) 3,167,999 

Table 1. The projected 5-year budget plan from 2024-2028 for permanent improvements, chip seal ing, and 

crack seal ing for the Town of Farmington.  
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Appendix A – Road Condition Survey 

Form 
CAMP-RS Asphalt Pavement Condition Survey



Appendix B  - Road Condition Survey Example 



Appendix C – Pavement Inventory Form 

 



Appendix D – Decision Trees 
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The CAMP-RS Software utilizes decision trees to determine the recommended repair 

category and PCI deductions for all distresses. On the 3x3 matrix for every distress type, extent 

is on the vertical axis, and severity is on the Horizontal axis. Low extent, low severity distress 

corresponds to the top left entry and High extent, high severity distress 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 on only severity or extent 

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

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

receives listed to the left of the repair category name in the decision tree. 

Example: A roadway section has medium severity and high extent 

longitudinal/transverse cracking and High severity bleeding – Raveling. The 

longitudinal/transverse cracking results in a PCI deduction of 10, and the Bleeding – 

Raveling also results in a PCI deduction of 10. Because the lowest possible severity for 

drainage and roughness is low, both deducted 2 PCI each. The net PCI would be         

100-2-2-10-10 = 76. The longitudinal/transverse cracking selects 44-Surface Treatment 

for the recommended repair category, and the bleeding – raveling selects 46-Rehab. 

Rehab has a higher index value number, so it becomes the recommended repair category 

for the road section. 
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Appendix E – Repairs list 
All repairs completed by the Town of Farmington Highway Department on their asphalt 

pavement roads with unit costs and life expectancies. 

 

 

 

 



Appendix F – Chip Seal Unit cost calculation 
 

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

 

 

 



Appendix G – Road Section Repair types 

& Cost 
Road Sections with recommended crack sealing  
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Road Sections with recommended crack sealing - continued 
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Road Sections with recommended crack sealing - continued 
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Road Sections with recommended crack sealing - continued 

 

 

 

Road Sections with recommended 1.5” overlay 
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Road Sections with recommended 1.5” Mill and Fill 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Road Sections with recommended chip seal 



37 
 

 

 

 

 

 

 

 

 

 

 

 



38 
 

Road Sections with recommended Cape seal (3/8 in micro pave) 
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Road Sections with recommended Cape seal (3/8 in micro pave) – Continued 
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Road Sections with recommended do nothing 
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Road Sections with recommended do nothing – continued 
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Road Sections with recommended do nothing – continued 
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Appendix H – Predicted Spending by 

Repair Category 

 

 

 

 

 

 

 

Repair Category Total Predicted Spending Over 5 Year [$] 

Crack Repair 176,672 

Overlay 964,996 

Rehab 721,714 

Surface Treatment 1,126,085 

 

 

 

 

Crack Repair
6%

Overlay
32%

Rehab
24%

surface treatment
38%

Repairs Percentage
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Appendix I – Description of Distresses 
 

 

Longitudinal / Transverse Cracking 

 

Collett Road West [2023] 

 

Longitudinal cracks run parallel to the roads. These cracks are usually found at 

construction joints and between lanes. They can also be found in the center of and next to 

rutting. Transverse cracking runs perpendicular to the roadway. Transverse cracking is 

often spaced at even intervals due to the thermal expansion and contraction of the surface 

material. Both transverse cracks and longitudinal cracks are known to be reflective and 

appear above joints and cracks from lower pavement levels. Low and medium-severity 

cracking can often be easily repaired by crack sealing or a thin warring course like a chip 

seal or cape seal (3/8 micro-Pave). 
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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 creak sealed at a prior time but are starting to reappear. 

Moderate – Cracks are up to a 1/4” in width and have some spalling. Smaller cracks are 

beginning to appear off from the main branches. 

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

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

Extent: 

Low – The longitudinal cracks cover less the 10% of the road length and or the Transverse 

cracking are 50’ apart or greater. 

Moderate – The longitudinal cracks cover 10% to 30% of the sections length and or the 

Transverse cracks are 25’ to 50’ apart. 

High – The longitudinal cracks cover over 30% of the section length and or the transverse crack 

are less than 25’ apart. 
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Alligator Cracking 

 

Windigo lane [2023] 

 

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

or chicken wire. This type of cracking is often caused by a poorly compacted or over-hydrated 

base or overly thin pavement. The pavement pieces often range from 1” to 6” on a side. Low-

severity alligator cracking can sometimes be fixed by a crack seal or a thin-wearing course; 

however, in most more severe cases, the road needs a complete rebuild. 
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Severity: 

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

width and there is no pavement separation visible.  

Moderate – The 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 – The alligator cracking covers less than 10% of the roadway section surface.  

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

High – The alligator cracking covers over 30% of the roadway section surface. 

 

 

Edge Cracking 

 

Collet Road West [2023] 
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Edge Cracking is adjacent to and runs parallel to the edge of the pavement. They are most 

often confined within 2 feet of the pavement edge. However, if they are not treated, they can 

begin to form in the travel lane. An improperly supported roadway edge often causes edge 

cracking. Low-severity and sometimes medium-severity edge cracking can be repaired by crack 

sealing or repaving the edges. However, the base often must be rebuilt for higher severity edge 

cracking. 

 

Severity: 

Low – Cracking is evident, but less than 1/8” in width and no more than 12” from the pavement 

edge. 

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. It is starting to look like 

alligator cracking. 

Extent: 

Low – The edge cracking Is present on less than 10% of the roadway section. 

Moderate – The edge cracking is present on 10% to 30% of the roadway section. 

High – Edge cracking is present on over 30% of the roadway section. 
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Drainage 

 

Limestone Lane [2018] 

Drainage conditions are determined by the ability of the water to flow from a paved area 

to a location where it is not contributing to the degradation of the roadway surface. 

Accumulation of debris, fine materials, and high-water marks are valuable indicators of any 

existing drainage problems. Drainage is only measured by condition and not by extent in the 

CAMP-RE software. Drainage issues often have many different causes, so there are also many 

solutions. 
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Conditions: 

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

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

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

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

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

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

structures are no longer functioning. 

 

 

Patching/Potholes 

 

Crowley Road [2023] 
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Patching is defined as any area where the pavement was removed and replaced, and that 

replacement is deteriorating. Potholes refer to pieces of pavement that have broken away and 

resulted in a bowl-shaped depression in the road. Both are only measured by Severity in the 

CAMP-RS software. With low and medium-severity potholes and patching, a new, correctly 

installed patch can adequately repair the road. However, high-severity potholes and patching will 

require an overly or even better a mill and fill. 

 

Severity: 

Low – The road surfaces contains less than 10% patched area and has fewer than 5 potholes for 

every 100’ of roadway section length. 

Moderate – The road surface contains 10% to 30% patched area and has 5-10 potholes for every 

100’ of roadway section length. 

High – The road surface contains over 30% patched area and has more than 10 potholes for 

every 100’ of roadway sections length. 

 

 

 

 

 

 

 

 

 

 

 



52 
 

 

 

Roughness 

 

Carriage Court [2018] 

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

smoothness of the road. Pavement Roughness is only measured by Severity in the CAMP-RS 

software. To repair a rough road, an overly or mill and fill is often required. 
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Severity: 

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 traveling 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 

 

Loomis road [2018] 
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Rutting refers to the channels in the pavement along the vehicle wheel path and creates 

water accumulation on the road surface and can cause longitudinal cracking. A higher than 

planned for traffic load often causes rutting. To properly repair rutting, an overly or mill and fill 

is often required as well it may be required to redesign the road. 

 

Severity: 

Low – Ruts in the road are less than 1/2” deep. 

Moderate – Ruts in the road are between 1/2” and 1” deep. 

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

 

Extent: 

Low – Rutting run along less then 10% of the roadway section length. 

Moderate – Rutting runs along 10% to 30% of the roadway section length. 

High – Rutting runs along 30% or more of the roadway section length. 
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Bleeding 

 

Weigert Road [2023] 

 

Bleeding refers to the extra asphalt material on the roadway surface. Excessive bleeding can be a 

safety hazard due to decreased skid resistance, especially when wet. Bleeding is only measured 

by severity in the CAMP-RS software. With high-severity bleeding, an overlay or a thin-wearing 

corset is often not an option because the asphalt often migrates back to the top. Thus to repair 

bleeding, a mill and fill is almost always required. 

 

Severity: 

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

Fair – There is bleeding present on approximately 5% of the roadway surface section. 

Poor – There is bleeding present on over 30% of the roadway surface section. 

 



56 
 

 

Raveling 

 

Curran Road [2023] 

 

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

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. Raveling is only measured by severity 

in the CAMP-RS software. Raveling can require a mill and fill, depending on the severity of the 

damage. 

Severity: 

Good – No to almost no loss of fine aggregate 

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

Poor – Lose of both fine and coarse aggregate. 
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Appendix J – PCI Index Map  
 

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

color based on that PCI. All roads in the town of Farmington and the roads that are not 

maintained by the town of Farmington get a color. The roads that the Town of Farmington does 

not maintain are colored blue for county and state roads and light purple for private roads. 

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

 

 



 

Appendix L – Repairs by Year 
Repairs for 2024 
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Repairs for 2024 – Continued 
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Repairs for 2024 - Continued 
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Repairs for 2025  

 

 

 

 

 

 

 

 



67 
 

Repairs for 2025 - Continued 
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Repairs for 2026 
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Repairs for 2026 – Continued 
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Repairs for 2027 
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Repairs for 2027 – Continued 
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Repairs for 2028  
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