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Introductions

• Kyle Imholte – Project Manager at Kimley Horn
• Tony Kutzke – Woodbury City Engineer
• Alex Jordan – Shakopee City Engineer
• Darwin Dahlgren – GoodPointe Program Manager
• Mike Hejna – Woodbury Assistant City Engineer



Outline 

• Introductions – Kyle Imholte
• Application process & chemistry/performance – Tony Kutzke
• LRRB study review – Tony Kutzke
• Shakopee experience and data – Alex Jordan
• Hutchinson experience and data – Darwin Dahlgren
• Woodbury experience and data – Hejna
• Q&A



Objectives of Rejuvenator Applications

• Reverse the adverse effects of oxidative aging 
in asphalt binders

• Seal cracks to slow down crack growth
• Reduce permeability to protect underlying 

layers
• Improve surface aesthetics and, in some cases, 

enhance friction

Image Credit – Evaluation of Proprietary Rejuvenators; Kutay 2025



Petroleum and Bio-Based

Table Credit – Evaluation of Proprietary Rejuvenators; Kutay 2025

(Granular 
material applied)

(No granular 
material applied)



Spray Application

• Spray application by spray 
bar mounted on tank truck



Spray Application Process

• Spray application



Spray Application Process



Spray Application Process



Spray Application Process

• 2 years post 
treatment



Spray Application Process

• 2 years post 
treatment



Current LRRB Studies

• 2020, final report available
• Guide research for test sections 

near MnRoad
• Literature review of existing 

information/studies
• Focus on:

• Types of rejuvenators
• Application rates
• Types of testing
• Specifications
• Effectiveness



Current LRRB Studies
• 2021, report not yet available
• Long-term performance in MN
• Test section St Michael & MnRoad
• Blind evaluation
• Focus on:

• Ride
• Distress
• Friction
• Reflectivity
• Chemical properties of aging asphalt



Current LRRB Studies
• 2021, final report available
• Short-term and long-term performance in 

extending pavement life
• Creep stiffness measured at various 

temperatures
• Findings:

• Greatest impact at 20 C
• Differences between control and test sections 

less significant at lower temperatures
• Reduce creep stiffness for 1-3 years
• Minimal impact on permeability
• Reduced surface friction after application
• Reduced retroreflectivity
• Slow pavement aging but require 

reapplication within 2-3 years



Current LRRB Studies

• 2023, final report available
• Investigates efficacy of bio-fog 

seal topical treatments
• Focus on:

• Dry time
• Reflectivity
• Friction
• Permeability



Current LRRB Studies

• 2023, report not yet available
• Current synthesis of asphalt 

rejuvenator research
• Inform agencies on the 

performance
• Focus on rejuvenators available 

in MN



City of Shakopee Experience
• Pavement Management Approach
• Inclusion of Rejuvenators
• Testing Plan and Results
• Lessons learned

Alex Jordan, PE
City Engineer, City of Shakopee
AJordan@ShakopeeMN.gov



City of Shakopee Experience
• Pavement Management Approach

• Initial Construction – Year 0
• Crack Seal – Year 1
• Chip Seal – Year 2 (Fog Seal Collectors only)
• Mill and Overlay – Year 20
• Crack Seal/Chip Seal – Year 22
• Pavement Rehabilitation – Year 35

• (Patching, crack seal, seal coat)
• Full Reconstruction – Year 45



City of Shakopee Experience
• Pavement Management Approach – with Rejuvenator

• Initial Construction – Year 0
• Crack Seal and Rejuvenator – Year 1
• Chip Seal – Year 7 
• Mill and Overlay – Year 25
• Crack Seal and Rejuvenator – Year 26
• Chip Seal – Year 31
• Pavement Rehabilitation – Year 47

• (Patching, crack seal, seal coat)
• Full Reconstruction – Year 55



Previous Approach With Rejuvenator

Year Treatment Method *Unit Cost 
(per SY) Treatment Method *Unit Cost 

(per SY)

1 Crack Seal $0.81 Crack Seal/Rejuvenator $1.89

2 Chip Seal Coat $1.47

7 Chip Seal Coat $1.62

20 Mill & Overlay $32.12

22 Crack/Chip Seal $3.41

25 Mill & Overlay $35.47

26 Crack Seal/Rejuvenator $3.10

31 Chip Seal Coat $2.60

35 Pavement Rehab $7.94

45 Reconstruction $221.13 Pavement Rehab $9.68

55 Reconstruction $269.55

Service Life Cost $266.88 $323.92

Cost/Service Year $6.07 $6.00

*Unit cost includes 2% inflation annually



City of Shakopee Experience

• 2024 – Test Roadways
• 2025 – First full year of treatment

• 312,904 SQ YD
• $1.10/ SQ YD
• Core Testing - $1,095/location
• 2024 Local Roadways – new development
• 2024 Collector Roadways - full reconstruction
• 2024 Mill and Overlay Roadways



City of Shakopee Experience
• Coring Locations for Testing

Roadway Name Pavement Type Bituminous Mix Binder Grade

1. Zumbro Avenue New Development 
Local Roadway

SPWEA340C – 5" PG 58H-34

2. Vierling Drive State Aid Collector - 
New Construction

SPWEA440C – 6.5" PG 58H-34

3. Jeffery Allen 
Drive

Urban Local – Mill 
and Overlay

SPWEA240C – 2" PG 58H-34

4. Valley Industrial 
Boulevard

Rural Collector – 
Mill and Overlay

SPWEA240C – 2" PG 58H-34



Testing Specifications and Parameters
• Test top 3/8 inch of each core (2 locations per roadway)
• Testing completed 15-30 days after application
• Perform Dynamic Shear Rheometer Test per AASHTO T3 15-05 

and ASTM D-2006-70 Rostler Analysis
• Report Complex Modulus (G*) and Phase Angle
• Specification Requirements

• Viscous Component of G* shall be reduced by 35%
• Increase in Phase Angle
• Decrease in Maltene Distribution Ratio and % Asphaltene 

Content



Testing Results

Sample Phase 
Angle

Viscous 
Modulus 

(Pa)

Maltene 
Distribution 

Ratio

Decrease in 
Asphaltenes

Roadway 1 Treated 73.6 5,305

Roadway 1 Untreated 71.4 7,937

Change in Parameters (%) 30.8% 33.2%

Roadway 2 Treated 74.1 8,163 1.15

Roadway 2 Untreated 72.1 12,270 1.54

Change in Parameters (%) 27.7% 33.5% 9.3%

Roadway 3 Treated 65.7 16,405 1.3

Roadway 3 Untreated 63.2 24,434 1.79

Change in Parameters (%) 39.6% 32.9% 10.4%

Roadway 4 Treated 65.9 14,825

Roadway 4 Untreated 62.8 22,521

Change in Parameters (%) 49.4% 34.2%





Interpretation of Results
• Tested cores did not meet specifications –narrowly (G"<35%) - 

believe this was due to testing temperature specifications
• Phase Angle Increased, Decrease in Asphaltenes (replacement of 

maltenes), Viscous Modulus was reduced
• Results show meaningful softening of binder and restoration of 

maltene fractions – chemically confirmed rejuvenation
• Rejuvenation works for overlays (similar reduction results) - 

more brittle and dense base pavements impact overall binder 
improvement due to higher initial binder aging/RAP influence 

• Mix type traffic level and pavement density impacts binder 
viscosity



Lessons Learned
• Verify application rates during construction
• Continue to test to verify effectiveness
• Rejuvenation improves binder performance – monitor 

pavement condition index to verify benefits
• Assuming life extension is accurate – cost effective
• Rejuvenation can be used on overlays (multiple applications in 

pavement life cycle)



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• What is RePlay, Application Rates, and Other benefits
• Review of a 2020 RePlay Final Report
• City of Hutchinson’s rejuvenators as part of their preservation 

strategy

https://twitter.com/AURIcomm


RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• What is RePlay

• Asphalt Rejuvenating Sealer- a bio based penetrating seal intended to 
restore binder flexibility and durability to extend lifespan

https://twitter.com/AURIcomm


Minnesota Seal Coat Handbook

More on Rejuvenator Application Criteria and QC Procedures Needed

Daily Checklist in Field for Rejuvenators
• Check distributor gallons and get reading in AM
• Request reading of distributor (gallons/minute)
• Request total SY sprayed each day

• Gallons sprayed and SY coverage confirms the application rate is within 
specification



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Other benefits and application criteria

https://twitter.com/AURIcomm


Other Benefits of RePlay Over other Types 
of Surface Treatments
• Environmental Product Declaration (EDP)

• The Minnesota Department of Transportation (MnDOT) is integrating 
Environmental Product Declarations (EPDs) into its pavement 
procurement processes. 

• EPDs are standardized documents that provide detailed information 
about the environmental impact of a product throughout its lifecycle, 
including greenhouse gas emissions, energy use, and water 
consumption. 

• MnDOT's application of EPDs in pavement repair aims to reduce the 
environmental footprint of construction projects and promote the use 
of recycled materials. 



• Certain rejuvenators may not require re-stripping (semi-
transparent)

• Rejuvenators less impacted by mechanical deterioration
• Snowplows
• Vehicle tires

Other Benefits of Rejuvenators Over other 
Types of Surface Treatments



• Snowplow 
damage to 
other 
surface 
treatments

Qualitative Benefits of Rejuvenators Over 
other Types of Surface Treatments



• Snowplow 
damage to 
other 
surface 
treatments

Qualitative Benefits of Rejuvenators Over 
other Types of Surface Treatments



• Vehicle tire 
damage to 
other surface 
treatments

Qualitative Benefits of Rejuvenators Over 
other Types of Surface Treatments



• Combination 
snowplow 
and vehicle 
damage to 
other surface 
treatments

Qualitative Benefits of Rejuvenators Over 
other Types of Surface Treatments



Qualitative Benefits of Rejuvenators Over 
other Types of Surface Treatments



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Review of the 2020 RePlay Analysis Final Report

https://twitter.com/AURIcomm


RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• The Agricultural Utilization Research Institute (AURI)

• nonprofit corporation established by the Minnesota state legislature to
support the agricultural economy

• Minnesota Soybean
• BioSpan Technologies
• City of Hutchinson, MN
• Douglas County, NE

https://www.facebook.com/AgriculturalUtilizationResearchInstitute
https://twitter.com/AURIcomm


RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Project Purpose

• Evaluate RePlay’s cost-effectiveness as an asphalt pavement 
preservation treatment compared to untreated pavements



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Pavement data from the City of Hutchinson’s ICON Pavement 

Management Program
• PCI survey 
• Construction records 

• Only pavements with structural work since 1990 were included
• Preservation treatment records
• Samples limited to untreated and RePlay-treated pavement segments 

only



RePlay Pavement Preservation and Life-
Cycle Cost Analysis

• The number of segments and observations in Untreated and 
RePlay treatment type 



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Linear regression models for PCI over time



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Observations:

• RePlay treated segments –0.32 change in PCI/Yr 
• Untreated segments –1.4 change in PCI/Yr 

• On average (for the data available) 



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• A previous research study was adopted to estimate remaining 

service life of untreated pavement 
• Methodology for calculating a pavement condition index (PCI) based 

on historical distress data collected in the databases from Long-Term 
Pavement Performance (LTPP) program and Minnesota Road Research 
(Mn/ROAD) project (Wu, 2015) 

• Pavement performance master curve construction and verification 
based on the PCIs (Wu, 2015)



RePlay Pavement Preservation and Life-
Cycle Cost Analysis



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Life cycle costs analyses (LCCA) conducted for typical roadways 

in Minnesota
• Treated with RePlay
• Untreated surface conditions

• Used Equivalent Uniform Annual Cost (EUAC) analysis



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Effectiveness period 

• Three previous studies that reported RePlay’s effective period from three to five years
• Medina and Clouser, 2009
• Shatec Engineering Consultants LLC, 2017 
• Yang et al., 2020, 2018

• Three possible application scenarios for the effectiveness period were developed for 
RePlay.

• Three (3) different models corresponding to the deterioration rate



RePlay Pavement Preservation and Life-
Cycle Cost Analysis



RePlay Pavement Preservation and Life-
Cycle Cost Analysis



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• Estimating Unit Costs
• A local pavement section of 6” bituminous and 6” of aggregate

• Pavement removal $7.50/SY 
• Bituminous Pavement $19.66/SY
• Aggregate Base $5.25/SY

• Total for pavement replacement = $7.50 + $25.00 = $32.50 => 
round to $35/SY 



RePlay Pavement Preservation and Life-
Cycle Cost Analysis
• RePlay Cost Estimation



RePlay Pavement Preservation and Life-
Cycle Cost Analysis

• Estimated that RePlay can cost effectively extend pavement 
service life by approximately 2 to 7 years



RePlay Pavement Preservation and Life-
Cycle Cost Analysis

• City of Hutchinson
• Addition of rejuvenators as part of their ongoing asphalt preservation 

strategy

https://twitter.com/AURIcomm


Hutchinson planned to improve pavement service levels
• 2011 Average PCI: 66.8

Added Replay in 2012 in addition to their other strategies
• Ran 20-year budget scenarios on service levels and M&R backlog

Hutchinson’s Asphalt Preservation Strategy



• 2014 Hutchinson Budget Analysis Scenario Results
• Ran three scenarios 

• Scenario 1: Maintain PCI of 71 for 20 years
• Scenario 2: Increase PCI to 78 in 20 years
• Scenario 3: Allow PCI decrease to 64 in 20 years

Hutchinson’s Ongoing Asphalt Preservation 
Strategy





•  2014 to 2023, Hutchinson has run updated budget scenarios 
eight (8) times with the general objectives to:

• Increase the Current Average Network PCI by 10% over next 20 years

Hutchinson’s Ongoing Asphalt Preservation 
Strategy



Hutchinson’s Ongoing Asphalt Preservation 
Strategy
• Hutchinson results as of 2024



• Summary related to RePlay for cities:
• An effective biobased asphalt pavement preservation agent
• Potential to reduce overall pavement network maintenance cost
• Rejuvenators can be a part of an overall pavement preservation strategy 

to improve condition and reduce M&R backlog
• Rejuvenators offer other qualitative benefits as a treatment strategy

RePlay Pavement Preservation and Life-
Cycle Cost Analysis



• Contact information:
• Darwin Dahlgren
• 612-670-1024
• ddahlagren@goodpointe.com

RePlay Pavement Preservation and Life-
Cycle Cost Analysis



Woodbury Experience

• City has a PCI goal of 75 for 
non-residential streets and 70 
for residential streets

• Those PCIs were generally 
achieved until 2013

• A task force was appointed in 
2014 to address the issue of 
declining pavement conditions



2014 Road Rehabilitation Task Force

• City was seeing premature failure in pavements 15-25 years old 
• A recommendation was made to review optimum timing for 

pavement maintenance
• City staff began investigating options to maintain roadways at 

the top of the pavement curve



Rejuvinators

• Pilot Project in 2016 – reclamite 
and replay

• Reclamite applied year after 
construction since 2017

• Second application applied in 
2024 

• GSB 88 pilot project in 2020
• Replenify pilot project in 2021



Woodbury PCI Ratings

First Reclamite project



Woodbury Results
• Average PCI for treated roadways at 6-9 years: 93
• Average PCI for untreated roadways 6-9 years: 90



Woodbury Results
• From 2016 Pilot Project

• Average PCI in 2023
• Reclamite - 95
• Replay - 91
• Untreated – 88

• From 2021 Pilot Project
• Average PCI in 2025

• Reclamite – 91
• Replenify - 89



Positives

• ~ 10 years of data 
indicates positive results

• Quick process with minor 
impacts to residents

• 30 minute cure time, sand 
swept the next day

• Approximately $1.15/sy



Challenges

• Significant staff time for public 
engagement

• Application happens in the summer 
(graduation parties, garage sales, etc.)

• Expect high volume of calls

• Environmental concerns
• Can be messy



Recommendations

• Send a letter to impacted property 
owners with a link to the project 
website

• Create an email list to provide 
consistent updates

• Include a FAQs section regarding 
street parking, access, etc.

• Have contractor install No Parking 
signs day before application



Questions
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