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Research Need Statement 675 
 

I. Need Statement Champions and Information 
I.A. Need Statement Champion Information 

I.A.1. First and Last Name of Research Champion: Laura Lyle 
I.A.2. Research Champion’s Office: MnDOT Office of Environmental Stewardship 
I.A.3. Research Champion’s Phone Number: 651-366-3608 
I.A.4. Research Champion’s Email: Laura.Lyle@state.mn.us 

I.B. Research Co-Champion 
I.A.1. First and Last Name of Research Co-Champion: Jeff Neisse 
I.A.2. Research Co-Champion’s Office: MnDOT Office of Environmental Stewardship 
I.A.3. Research Co-Champion’s Phone Number: 651-356-2348 
I.A.4. Research Co-Champion’s Email: Jeffrey.Neisse@state.mn.us 

I.C. Research Needs Title (115 Characters): Evaluation of conditions that cause 
negative environmental impacts when using recycled concrete aggregate 

 

I.D. Project Sponsor:  MnDOT Research Program  
 

II. Research Need Background and Description 
II.A. Research Need Background 

II.A.1. Describe the problem or opportunity.  

Recycled concrete aggregate (RCA) has been used as fill material in subgrade, subbase, base, and 
bedding for culverts and storm/sewer pipes, amongst other uses. The use of RCA as a substitute for 
conventional aggregate, such as in base material, as long as the material meets specifications, is allowed 
by Minnesota Rule 7035.2860 via a beneficial use determination (BUD). The ability to reuse RCA has 
significant benefits in terms of reducing cost, energy use, landfill space, and virgin material.  

However, the use of RCA has resulted in observed adverse impacts on MnDOT projects when it has been 
exposed to water, and there is concern about if this use meets the regulatory conditions of the BUD. 
Minnesota Rule requires that any beneficial reuse of a solid waste must “not adversely impact human 
health or the environment.” Various MnDOT projects have demonstrated that RCA has the potential to 
rehydrate and leach a milky white substance and elevated pH.  

The leachate can have a direct connection to the water table or surface waters. The pH of the leachate 
has been measured above 12, which closely approximates hazardous levels, and downstream surface 
waters can have visible white coatings (calcium deposits, or tufa) on riprap and surface water sediment. 
Tufa build-up on drains and filter fabrics has clogged these materials and, in some cases, can reduce 
drainage. The leachate from RCA has been studied in lab and field situations, with varying results. A 
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review of RCA literature reports that in the field, the high pH leachate can be short-lived, before it is 
neutralized (Sanger et al., 2020). However, the time needed for neutralization varies, from months to 
years. Additionally, a study at MnDOT’s MnROAD facility observed elevated pH in the subgrade soil eight 
years after installation of the material (Natarajan et al., 2019), indicating elevated pH may impact local 
soils and groundwater for years after installation. MnDOT has also observed on at least one project, that 
elevated pH persists in groundwater for multiple years. Laboratory studies produce elevated pH 
leachate, but some researchers argue that the laboratory studies are not reflective of what is happening 
in the field. Given the variable results, some clarity is needed to best understand the conditions that 
may create elevated pH and tufa formation, as well as impacts to the soil and waters near where the 
RCA materials are placed.  

The short term and long-term environmental impacts of rehydration products from concrete residues 
are not well understood, along with the conditions that may cause the environmental impacts. MnDOT 
would like to further understand the conditions that create environmental impacts, so that the use of 
RCA can be optimized.  

 
II.A.2. If applicable, describe how this project will build on previous research. 

 
There have been multiple studies that have looked at the issue of high pH leachate from RCA, with 
mixed results. Some research indicates that it is not problematic, but MnDOT has observed instances 
where high pH leachate continues for years, and needs to better understand what conditions cause that. 
This research would build on one of the recommendations from a previous MnDOT-sponsored literature 
review about RCA environmental impacts (MnDOT 1995). It was recommended that RCA could be 
blended with virgin aggregate to reduce tufa formation and pH elevation, but the blending percentage 
to reduce impacts was not suggested. An additional study sponsored by Michigan DOT (Bandara et al.  
2020) evaluated a 50/50 blend of RCA/virgin aggregate, and saw a reduction in pH, but the pH was still 
approximately 10. Additional blends were not tested to determine what percentage of RCA would still 
produce high pH. This study also found that there was potential for elevated pH to continue to be 
produced for up to 20 years. The current research need would try to determine an appropriate 
percentage of recycled material that minimizes elevated pH and tufa formation, as well as determine 
appropriate setbacks from water resources RCA may need to be to prevent pH elevation of those 
resources. 
 

II.A.3. If applicable, include the title/s or previous research. 
Natarajan, BM, Z Kanavas, M Sanger, J Rudolph, J Chen, T Edil and M Ginder-Vogel. 2019. Characterization of recycled concrete 
aggregate after eight years of field deployment. Journal of Materials in Civil Engineering. 31(6): 04019070.  
 
Sanger, M, BM Natarajan, B Wang, T Edil and M Ginder-Vogel. 2020. Recycled concrete aggregate in base course applications: 
Review of field and laboratory investigations of leachate pH. Journal of Hazardous Materials. 385: 121562. 
 
Bandara, Nishantha; Jensen, Elin; Villeneuve, Nicole; Roden, Megan. 2020. Reduction of pH Levels from Underdrain Outlets.  
Lawrence Technological University; Michigan Department of Transportation; Federal Highway Administration. 118p. 
 
MnDOT. 1995. Use of Crushed Concrete Products in Minnesota Pavement Foundations. MnDOT Report No. MN/RC-96/12. 52p.  
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II.A.4. What is the objective of the proposed research? 

MnDOT seeks to utilize the material in a manner that maximizes its use, but does not impact the 
environment. With this project, MnDOT hopes to better understand the field conditions and make-up of 
RCA-containing materials that contribute to deleterious environmental and operational impacts. The 
research questions that would benefit MnDOT decision-making include:  

1. How do varying percentages of RCA in virgin aggregate affect pH of leachate and tufa formation?  
• How do varying percentages affect the duration of high-pH leachate?  
• Is there a maximum percentage that can be safely used without the risk of high-pH leachate or 

tufa formation, when exposed to water?  
 

2. To what extent can soil and natural aggregate buffer the leachate from RCA?  
• How do various flow rates, soil types (including soil properties such as organic matter and pH of 

soil), and soil thicknesses affect soil's ability to buffer high-pH leachate?  
• How do various types of sand and other natural aggregate buffer the leachate from RCA base? 
• What is the minimum distance above groundwater RCA can be placed without impacting the 

water with high pH? 

III. Strategic Priorities, Benefits, and Expected Outcomes 
Section III. is for MnDOT sponsored and co-sponsored projects only; all LRRB projects proceed to 
section IV. 

III.A. MnDOT Strategic Priorities 
Instructions: Briefly describe how the project aligns with the following MnDOT Research 
Strategic Priorities. Complete all that apply. 

III.A.1. Innovation & Future Needs: 
 

IIIA.2. Advancing Equity: 
 

III.A.3. Asset Management: 
 

III.A.4. Safety:  
 

III.A.5 Climate Change & Environment: Information from this research will allow for 
optimal RCA use, so that its use can be continued in situations that provide the most 
benefit, without the negative impacts. 

 

III.B. Expected Outcomes 
Instructions: Check all expected direct outcomes of this research. 
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☒  New or improved technical standard, plan, or specification 
☒  New or improved manual, handbook, guidelines, or training 
☐  New or improved policy, rules, or regulations 
☐  New or improved business practices, procedure, or process 
☐  New or improved tool or equipment 
☒  New or improved decision support tool, simulation, or model/algorithm (software) 
☐  Evaluation of a new commercial product 
☐  New or improved technical standard, plan, or specification 
☐  Other. Please specify below: 

 

III.C. Expected Benefits 
 

Several MnDOT projects have utilized RCA, some with observed negative impacts (high pH, tufa 
formation, etc.), which results in costly maintenance to mitigate the negative effects, and can impact 
MnDOT’s compliance with their stormwater permits. The Office of Environmental Stewardship (OES) 
wants to ensure that the material is not being used in situations where negative impacts are likely. The 
use of recycled materials is promoted by OES, but some questions remain about the conditions that 
tend to create high pH leachate and tufa formation. Information from this research will allow for optimal 
RCA use, so that its use can be continued in situations that provide the most benefit, without the 
negative impacts. 

Instructions: Select all expected benefits that may be realized if the findings and 
recommendations from this research is adopted or implemented 

III.C.1. Construction Savings   Cost savings from reduced materials 
 

III.C.2.Decrease Engineering/Administrative Costs   Choose an item. 
 

III.C.3. Environmental Aspects Water Pollution 
Recycling 

III.C.4. MnDOT Policy Choose an item. 
 

III.C.5. Lifecycle Reduce maintenance cost 
 

III.C.6. Operations and Maintenance Savings Other operationa dn maintenance savings. 
Please describe below. 
When RCA is exposed to water and releases high pH leachate or particulates, mitigation 
measures must be implemented and maintained to prevent environmental impacts and permit 
violations. 
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III.C.7. Reduce Risk Other reduced risk. Please describe below 
When RCA is used under some conditions, stormwater violations can occur. Ensuring RCA is not 
used in those conditions reduces permit violation risks. 

III.C.8. Reduce Road User Cost Choose an item. 
 

III.C.9. Safety Choose an item. 
 

III.C.10. Technology Choose an item. 
 

III.C.11. Other, please describe below: 
 

IV. Technical Advisory Panel 
Instructions: Please list the name and affiliation of individuals to consider for the Technical Advisory 
Panel. 

Ken Graeve 

Dwayne Stenlund 

Raul Velasquez 

Terry Beaudry 

Paul Johns 

Andrea Hendrickson 

 

 

 

 

Your assigned Project Advisor is available to answer questions and provide guidance (assigned by the 
Office of Research & Innovation).  
Your Project Advisor is:  Brent Rusco (651)366-3767 brent.rusco@state.mn.us 
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