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EXECUTIVE SUMMARY 

The Colorado Department of Transportation (CDOT) Executive Directive Policy 27 under Chief 

Engineer Tim Harris (March, 2012) identified that the CDOT Maintenance Division would be 

responsible for the compliance to the Colorado Department of Public Health and Environment’s 

(CDPHE) Stormwater Construction Permit (SCP) after construction is completed. CDOT 

maintenance was identified to be legally responsible for the compliance to the SCP terms and 

conditions by formally accepting the transferring of the permit from the prime contractor. It is also 

CDOT maintenance’s responsibility to ensure effective vegetation has been established and 

maintained by the landscape contractor in order to deactivate the SCP. For innovative contracting 

projects, the Regional Transportation Director or the prime contactor’s management should be 

identified as the Compliance Manager for the revegetation life cycle of the project. 

 

Critical to successful deactivation of the SCP is the establishment and maintenance of plant 

revegetation within areas disturbed by construction activities (site reclamation). The SCP permit 

deactivation requires that vegetative cover is established to 70 percent of pre-construction 

vegetative cover conditions. The longer the SCP permit remains active the more CDOT financial 

resources and personnel are necessary to maintain compliance to permit conditions, and 

environmental and regulatory risk and liability to CDOT also increases. 

 

The success of the CDOT revegetation (reclamation) process is critical to address these cost and 

risk issues; therefore, this research project was developed to assess the current CDOT revegetation 

specifications and processes, and to develop scientifically valid vegetation technologies to reduce 

the time necessary to achieve SCP deactivation and final site stabilization. 

 

The objectives of this research study were to provide recommendations related to CDOT’s existing 

revegetation methodologies, processes, and specifications; in order to provide better, faster, more 

efficient and ecologically specific revegetation of ground disturbed by construction activities. This 

was conducted through investigation of five basic research hypotheses related to revegetation. 

These hypotheses were tested using revegetation interviews, QC assessments, salvaged soil 

testing, top soil characterization, seed viability testing, forensic vegetative surveys, maintenance 

revegetation cost assessments, and a construction engineering survey . The following are the 

results of the hypothesis testing: 

 Salvage Soil Management Hypothesis- The potential for improved plant reclamation can 

be achieved if nutrient and organic amendment concentrations of topsoil are known before 

vegetation actions initiate. It was identified that nutrient addition is not normally required 

for all the soils sampled in this study. There was a need for additional compost material for 

higher organic matter concentrations to promote plant growth. Proper topsoil removal and 

management was shown to be effective in promoting revegetation. 

 Construction Revegetation Quality Control Hypothesis- The CDOT revegetation process 

is not being completely followed especially at critical steps; and therefore the lack of 

compliance is negatively affecting the rate, quality and overall success of vegetation. This 

hypothesis was proven correct for most active construction sites visited in this research 

project. There is a lack of revegetation quality control performed by landscape architects 

or qualified reclamation professionals. 
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 Forensic Revegetation Analysis Hypothesis- Improved revegetation will occur if 

contractors follow specifications and contract requirements based on historical evidence. 

This hypothesis was proven correct based on the forensic surveys performed at former 

construction sites. Proper soil preparation, amendments and seeding were deemed critical 

in the CDOT process success. Forensic studies revealed minimal evidence of soil erosion 

where the project had adequate conditions to establish plant growth. 

 Revegetation Survey of CDOT Construction Project Engineers– The majority of CDOT 

Construction and Design Engineering representatives lack basic technical and process 

knowledge to successfully manage and direct vegetation and landscape activities. This 

hypothesis was correct based on conversations with CDOT landscape architects, RWPCMs 

and the results of the engineering survey. 

 Revegetation Cost Analysis- CDOT Engineering and Maintenance management has 

underestimated the cost and effort for project revegetation and resulting rework. Due to the 

lack of accurate data, this hypothesis was neither proven nor disproven. It is evident that a 

high amount of financial resources are being used for vegetation monitoring and repair 

based on CDOT Region 1 data. 

This project focused on two field investigation techniques. The first technique was the 

Construction QC Process, where five active construction sites’ revegetation strategies were 

observed. The second technique was a termed a “forensic” based approach, and involved 

evaluation of the vegetation success of five previous construction sites. 

 

There are numerous cost benefits associated with the recommended improvements to the CDOT 

revegetation process. Cost benefits can be realized throughout the life cycle of the vegetation 

process involving roadway design, construction, and post-construction phases. Much of these cost 

benefits would be realized by CDOT maintenance, who bears the responsibilities for SCP 

compliance to permit deactivation. The follow items are associated with the main cost benefits: 

 

The cost of not installing and correctly maintaining vegetation correctly the first time results in 

potentially expensive vegetation rework by CDOT maintenance in order to achieve the vegetation 

cover necessary for permit deactivation; CDOT Region 1 has realized non-project rework costs of 

over $660,000 for twelve projects. 

 

Poor vegetation installation and maintenance during roadway construction can lead to an 

unnecessary length of time the SCP needs to remain active. This excessive time requires additional 

resources to provide regulatory compliance management activities such as erosion control, 

regulatory monitoring, documentation, and revegetation maintenance. The longer the SCP is open, 

the more time CDOT is managing environmental and regulatory risks. 

 

Several reclamation strategies are recommended for CDOT that are more cost effective for 

construction site revegetation. The new strategies involve using seed mixes that are based on site 

specific native plant communities. Poor vegetative establishment and diversity using existing seed 

mix strategies has been observed on previous construction sites. There should be less pure live 

seed applied to the soil surface during seeding; current seeding applications are two to three times 

higher than needed. Improved cost savings can be realized from these two strategies. 
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There are over thirty conclusions and associated recommendations provided in this report to 

improve CDOT revegetation success. To achieve improved vegetation efficiency, will require 

CDOT to prioritize and implement several recommendations. The revegetation challenges facing 

CDOT involve many areas such as process quality control, contractor compliance to CDOT 

specifications, understanding of the CDOT revegetation process and specifications by contractors 

and CDOT field personnel, and the lack of a post-construction process in which inconsistent 

methods, protocols, and compliance are used for contractor contracts and associated revegetation 

expectations and SCP deactivations. 

Implementation Statement 

It will require a coordinated effort among numerous CDOT representatives and regions to identify 

the recommendations that reduce the most overall risk to CDOT.  Provided is a list of 

recommendations and a potential means of prioritizing them. Implementation will also require 

support from CDOT upper management in engineering and maintenance program areas. The 

recommendations provided may be best suited for a top-down management approach; or a bottom-

up education-training approach, therefore, we recommend identification of a Revegetation 

Program Champion.  For top-down approaches such as improving compliance, and quality control, 

this Program Champion could work with the CDOT regional Transportation Directors (RTDs), or 

the Director of Highway Maintenance, all of whom could benefit from cost and staff-time savings 

associated with vegetation re-work. For bottom-up approaches the Program Champion could use 

formal training, specification changes, or other methods as an opportunity to improve staff 

knowledge of correct methods, processes, and specifications.  

 

The implementation of the provided recommendations should also integrate performance measures 

to assess vegetation improvement and success. An implementation plan should follow an 

Environmental Management System (EMS) approach using the Plan-Do-Check-Act methodology. 

It is expected that a CDOT management champion will be acquired to support the program and 

provide programmatic guidance. 
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1.0 INTRODUCTION 

Proper stormwater management is an important component of any Colorado Department of 

Transportation (CDOT) construction project. Stormwater management at a project level is an 

integration of many components such Stormwater Construction Permit (SCP) acquisition and 

compliance, landscape and roadway design, grading, development and maintenance of erosion-

control best management practices (BMPs), CDOT specification compliance, and Transportation 

Erosion Control Supervisor (TECS), and the development and oversight of the Stormwater 

Management Plan (SWMP). One of the most critical parts of successful stormwater management 

that is often overlooked is the development and execution of a comprehensive landscape design 

plan to achieve final site stabilization after construction. A successful landscape strategy and plan 

will reduce CDOT’s environmental liability, protect water quality, reduce the time for plant 

establishment and site stabilization, keep productive soils onsite, and reduce long term 

maintenance costs.  

 

After significant ground disturbance, revegetation is the establishment of desirable plant species 

that stabilize. soil, reduce erosion and provide diverse plant species that match the local ecology. 

In recent years, the Federal Highway Administration (FHWA) and CDOT have been moving 

beyond regulation-driven stormwater based mitigation approaches and into proactive 

environmental stewardship strategies to promote healthy ecosystems. Native plants are a 

foundation of ecological health and function in natural environments. Roadside revegetation with 

native plants is a key practice for managing environmental impacts and improving conditions for 

healthy ecosystems. In addition, native plants along roadsides provide economic, safety, and 

aesthetic advantages. Well-planned, sustainable, native vegetation supports transportation goals 

for safety and efficiency by stabilizing slopes, reinforcing infrastructure, and improving the road 

user’s experience by creating natural beauty and diversity along the roadside (FHWA, 2007). 

 

Desirable plants are both native and non-native species that have sufficient root structure and 

vegetative growth to prevent soil detachment during rainstorms and help prevent soil erosion, 

transport, and deposition. It is CDOT policy to conserve water and reduce maintenance costs on 

landscaped highway segments through the use of native or dry land adaptable plant materials 

(CDOT, 1977). Therefore, native plant selection and establishment is important in promoting a 

consistent plant community based on a given ecozone region within the CDOT Right of Way 

(ROW). Native plants also provide desirable visual enhancement to the traveling public and 

promote pollinator viability. Revegetation is a complex and important component in the overall 

CDOT construction and post-construction process. Conducting revegetation in an appropriate 

manner will protect local water quality resources, improve environment quality and decrease 

overall maintenance costs.  

 

A project revegetation strategy that stresses proper site stabilization in the form of plant 

establishment is a CDOT requirement through the CDOT Standard Specifications for Road and 

Bridge Construction (CDOT, 2011) and a requirement by the Colorado Department of Public  
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Health and Environment (CDPHE). To achieve final and sustainable construction site stabilization 

the project area must have appropriate soil preparation, grading techniques, soil amendments, 

mulching and native plant selection and installation. 

 

Revegetation is an important regulatory and CDOT Specification compliance element. According 

to the CDOT Municipal Separate Stormwater Sewer System (MS4) Permit’s Construction 

Program (CDPHE, 2012) and the Colorado Discharge Permit System Regulation for Stormwater 

Permitting (CDPHE, 2007) (5 CCR 1002-61) a stormwater construction permit (SCP) must be 

obtained at least 10 days prior to the initiation of construction. A condition of obtaining this SCP 

is the development and implementation of a SWMP. CDOT has established an extensive template 

for the development of a SWMP for CDOT Construction Projects. The CDOT SWMP Interim and 

Final Stabilization requirements identify the following elements (CDOT, 2014): 

 Seeding plan 

 Seeding application 

 Mulching application 

 Special requirements (due to high failure rates) 

 Soil conditioning and fertilizer requirements 

 Erosion control blanket application 

 Re-seeding operations/corrective stabilization 

 Pre-construction and post-construction vegetative cover/density determination 

CDOT specifications are very specific in regards to final site stabilization methods. CDOT 

specifications address the following areas for construction site revegetation (CDOT, 2011): 

 Seeding, fertilizer, soil conditioner, and sodding (Section 212) 

 Mulching (Section 213) 

 Planting (Section 214) 

 Transplanting (Section 215) 

 Soil retention covering (Section 216) 

According to CDPHE regulations, the project site must continue to be monitored, formally 

documented and BMPs maintained by the permit holder to protect local water resources until the 

SCP is deactivated. By following the current CDOT revegetation process, specifications, policies 

and guidance, it can take a significant amount of time and resources to reach permit deactivation 

via the 70 percent-vegetative ground cover criteria, depending on the eco-region in which the 

project resides. Waiting years to deactivate the SCP increases costs and environmental risk and 

liability to CDOT. Post-construction site monitoring is generally performed or directed by CDOT 

maintenance representatives who have formally taken over the responsibility for the SCP 

compliance and management. Monitoring and BMP maintenance activities on post-construction 

sites require CDOT regions to schedule and use valuable professional and financial resources to 

meet the SCP requirements, avoid notices of violation, and protect water quality. There have been 

observed conditions in which vegetation success has been compromised due to poor seed selection 

and installation, lack of soil preparation and amendments, lack of process monitoring and poor 

compliance to CDOT specifications by the contractor. As a result, expensive revegetation rework 
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and prolonged CDOT maintenance management have to be used to maintain compliance, stabilize 

the site and ultimately deactivate the SCP. 

1.1 Project Goals and Objectives 

The focus of the Assessment of CDOT Revegetation Practices for Highway Construction Sites  

Project (Project) is to identify, assess and evaluate critical operational and environmental variables 

necessary to obtain optimum establishment of desirable ground cover vegetation and density 

within a reasonable amount of time possible for permit deactivation and site stabilization. The 

Project goals and objectives were as follows:  

Project Goals 

 Provide a list of potential revegetation practices derived from other states, research experts 

and CDOT specialists that CDOT can implement for revegetation success within a 

reasonable timeframe. 

 Categorize the potential revegetation changes based on risk and the timeframe required to 

implement those changes at a regional level. 

 Identify and evaluate revegetation practices that will significantly reduce the revegetation 

specification modifications and the time necessary to achieve SCP deactivation and 

sustainable site stabilization for construction sites. 

 Identify and evaluate more efficient revegetation practices that would minimize the 

financial and professional resources needed for regulatory compliance, site monitoring and 

water quality protection.  

 Identify revegetation practices that take into account and consider sustainable site 

stabilization conditions that include potential climate change. 

 Identify and recommend revegetation practice improvements and enhancements that can 

be of immediate use to all CDOT regions. 

Project Objectives 

The Project objectives developed by the Project Research team was to identify, evaluate and 

recommend the implementation of research-based revegetation strategies and assess existing 

CDOT specifications and revegetation process to: 

 Improve quality control of stabilization practices in design and construction thereby 

reducing time to reach project site stabilization thus reducing CDOT costs.  

 Reduce the potential for CDOT notice of violations or corrective actions by reducing SCP 

durations.  

 Select native plant species and seeding rates consistent with local ecozone characteristics 

and climate change projections. 

 Identify landscape actions and guidelines to reduce maintenance costs and resource 

utilization. 

 Reduce project area soil loss, maintain land productivity, and protect local water resources. 

 Identify potential revegetation process deficiencies and training requirements. 
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 Develop contractor coordination and monitoring approaches to improve revegetation 

success.  

 Improve ROW ecological conditions by using native plants that benefit insect pollinators 

and overall ecological health. 

 Reduce revegetation life-cycle costs and recommend effective post-construction practices. 

 Identify revegetation enhancements and modifications that will eventually be incorporated 

into new CDOT landscape specifications. 

1.2 Project Scope of Work 

The universe of variables that could be studied and researched to improve CDOT’s overall site 

revegetation methodology and process is extensive, including variables in seed selection, planting, 

soil amendments, timing, contracting, performance management, and many more. This report will 

discuss the approach used by the Project Research team to identify and select key revegetation-

based research variables to meet the goals and objectives of the study. A revegetation literature 

search and a research alternatives analysis process was developed and executed that screened the 

number of research variables to a manageable level. The alternative analysis methodology is 

described in Section 2.0. 

 

The selected project scope of work focused on the following five research elements:  

 Construction Revegetation Quality Control 

 Stockpile Management 

 Forensic Vegetative Field Studies 

 Revegetation Survey of  CDOT Construction Project Engineers 

 Revegetation Cost Analysis 

1.3 Project Research Team and Study Panel 

The Project Research team was comprised of CDOT representatives who are directly involved 

with construction erosion control, revegetation and final site stabilization such as CDOT landscape 

architects and environmental consultants specializing in stormwater management, soil science, 

agronomy, transportation sustainability, plant identification, and revegetation. The team members 

worked closely together in developing the research scope of work and technical approach, 

conducting field visits and acquiring technical information.  

 

The CDOT Research team was comprised of Michael Banovich, RLA, CPESC as the Technical 

Lead. Banovich is the Ecological Design Unit Manager; he provided direction and technical 

oversight for the project. Banovich has over 30 years of revegetation and erosion control 

experience for CDOT. Bryan Roeder is the Environmental Research Program Area Manager for 

CDOT Department of Transportation Development (DTD), Applied Research and Innovation 

Branch, and was the overall project manager. Roeder has extensive experience in terrestrial 

ecology, wildlife biology, study design, and research. He was CDOT’s representative in a related 

2011 project, “Current and Innovative Solutions to Roadside Vegetation Using Domestic Plants; 

A Domestic Scan Report” (see References). CDOT landscape architects Basil Ryer and Greg 

Fischer provided field coordination, data collection and field observational support. 
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TerraLogic, LLC (TerraLogic) was the primary contractor hired by CDOT to conduct this research. 

The TerraLogic team was a compilation of professionals knowledgeable in the areas of soil 

science/agronomy, revegetation, plant identification, CDOT construction and maintenance 

practices and stormwater management. The TerraLogic team was comprised of Aaron DeJoia 

(Duraroot, LLC) who is a soil scientist and reclamation expert, Joe Schneider and David 

Chenoweth (Western States Reclamation) who are experienced in construction site revegetation 

and Denise Wilson (Wilson Associates) who is a vegetation identification specialist. Art Hirsch 

(TerraLogic), who has expertise in stormwater management and CDOT Construction and 

Maintenance Operations, was the Principal Investigator. 

 

The CDOT Technical Lead and Project Manager identified several CDOT representatives who are 

experienced in construction and post-construction revegetation to be members of the study panel. 

The study panel members’ responsibilities were to provide the CDOT Technical Lead and Project 

Manager with technical insight, support, direction and document review. Many of these panel 

members coordinated site visits and searched for revegetation documentation to support the 

TerraLogic team.  

1.4 Report Elements 

This research and development report is comprised of seven technical tasks that were based on the 

Request for Proposal (RFP) Scope of Work and research work elements that evolved primarily 

from performing Tasks 1 through Task 3. Tasks 1 and 2 were informational gathering activities 

that identified various potential research variables to study. Task 3 was an alternative analysis that 

identified the research variables for ultimate study and developed the overall project study plan. 

Tasks 4 A-D involved the execution of the scope of work elements. 

 Literature Search (Task 1) 

 CDOT Revegetation Specification and Process Evaluation (Task 2)  

 Research Scope Alternatives Analysis/Field Testing and Methodology Plan (Task 3) 

 Construction Revegetation Quality Control and Stockpile Management (Task 4A) 

 Forensic Field Studies (Task 4B) 

 Revegetation Survey of CDOT Construction Project Engineers (Task 4C) 

 Cost Analysis (Task 4D) 

As an organizational note, some of the appendices cited throughout this document will reside in 

the attached compact disc due to their length. The reader is urged to reference the table of contents 

or the appendices section to locate and review the appendix of interest. 

2.0 METHODOLOGY 

The research methodology was a combination of literature search, telephone conversations with 

CDOT regional Water Pollution Control Managers (RWPCMs) and regional state Departments of 

Transportations’ (DOTs) landscape architects. This research information set the stage for an 

alternative analysis of research variables that would be tested and evaluated under field conditions. 
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A Field Testing and Methodology Plan was developed that directed the field studies for the 

Construction Revegetation Quality Control, Stockpile Management, and Forensic Field Studies. 

A CDOT Revegetation Survey of CDOT Construction Project Engineers’ methodology was also 

developed that identified the basic level of revegetation understanding and process knowledge by 

CDOT construction engineers.  

2.1 Literature Search (Task 1) 

The TerraLogic team conducted a literature review of available practices and products that can 

potentially enhance and lead to quicker revegetation success. Task 1 was a combination of 

literature searches, telephone conversations with CDOT RWPCMs and regional state DOTs 

landscape architects. This research information set the stage for an alternative analysis of 

revegetation-based research variables that could be tested and evaluated under field conditions.  

 

The goal of the Task 1 Literature Search was to identify and evaluate emerging trends, innovative 

products and techniques, and proven management techniques that both enhance revegetation 

success and are cost effective.  

 

The research variables reviewed included specific plant biological, and soil characteristics, and the 

potential interactions between these variables. Strategies to enhance and modify these plant, 

biological, and soil variables and associated implementation strategies were considered for field 

testing due to their potential to increase revegetation success.  

 

The second component of the Task 1 Literature Review was to review revegetation programs from 

other state DOTs and agencies. The TerraLogic team contacted and surveyed other states’ key 

DOT landscaping and revegetation personnel via telephone to determine what they consider 

effective and ineffective revegetation practices. The DOTs were selected based on regional 

similarities that they share with Colorado (i.e. climatic conditions, terrain, and soil condition).  

 

The third component of the Task 1 Literature Review was to conduct interviews with key CDOT 

personnel identified by the CDOT Project Manager and study panel who were familiar with the 

CDOT revegetation process, specifications, and stormwater management protocols. These 

interviews were conducted to determine current CDOT revegetation practices and which 

revegetation practices are and are not working effectively in the field.  

2.2 CDOT Revegetation Specifications and Process Evaluation (Task 2)  

Concurrent with Task 1, the TerraLogic team reviewed and evaluated the current CDOT 

specifications, processes, and guidelines for construction site revegetation. The purpose of Task 2 

was to establish a baseline reference point to evaluate new and innovative approaches and 

revegetation strategies. The evaluation was performed using the following actions: 

 CDOT specifications were critically reviewed and critiqued by TerraLogic team member, 

Western States Reclamation, in light of their experience and practical application of the 

specifications  
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 Revegetation specifications and guidance from DOTs within the Intermountain West were 

reviewed and assessed against the existing CDOT specifications 

The information collected and the recommendations developed from Tasks 1 and 2 were compiled 

and summarized in Appendix A. This appendix contains information obtained from research-based 

literature review, information obtained from both CDOT and regional state DOT references and 

the critique of CDOT specifications.  

2.3 Research Scope Alternatives Analysis (Task 3a) 

Task 1 and Task 2 provided the foundation necessary towards the ultimate selection of the Project’s 

research test variables. The number of potential research variables to promote enhanced 

revegetation was large and required an alternatives analysis approach to reduce them to a 

manageable number that could meet the Project goals. The alterative analysis methodology was 

conducted in concert and with close coordination with the Project study panel. Ultimately the 

alternatives analysis reduced the number of the potential research variables from 100 to 5, thus 

defining the research scope of work. This action helped define the ultimate research and 

development Scope of Work. Appendix B contains the alternative analysis tables and screening 

criteria used by the Project Research Team. 

 

The TerraLogic team in coordination with the CDOT study panel reviewed over 100 potential 

research variables for consideration. A simplistic qualitative criteria was used to rank each variable 

from 1 to 5 based on cost, revegetation benefit, intensity of study, implementation by CDOT and 

professional judgment. As a result the list of potential research variables was reduced down to 50.  

 

The next step in the alternatives analysis was to have the TerraLogic team and the CDOT study 

panel rank the remaining 50 potential research variables based on the previously mentioned 

criteria. This ranking reduced the number of research variables from 50 to 12. The final ranking 

and selection of the research variables was performed by the TerraLogic team and the CDOT study 

panel. The top 12 variables were priority ranked based on the following criteria scoring of the 

following elements: 

 Availability 

 Cost 

 Sustainability 

 Proven within other locations 

 Scientific validity  

 Practicality 

 Statewide application  

 Resource consumption 

 Research cost and schedule 
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As a result of the alternatives analysis and conversations with the CDOT study panel, the following 

research variables were selected for study: 

 Construction revegetation quality control  

 Topsoil stockpile management 

 Forensic field studies  

 Revegetation survey of CDOT construction project engineers   

 Revegetation cost analysis  

2.4 Field Testing and Methodology Plan (Task 3b) 

The Field Testing and Methodology Plan (the Plan) contains the technical approaches that were 

used to collect field data for the project (Appendix C). The Plan was approved by the CDOT study 

panel. The methodologies for the CDOT Revegetation Survey of CDOT Construction project 

engineers and Revegetation Cost Analysis were not included in the Plan, since these actions were 

conceived later in the Project.  

 

The research study approach utilized a combination of field observations, field soil sampling 

collection and testing, and vegetative identification strategies. A research study hypothesis was 

established for each research study element to aid in the development and execution of the Plan. 

The selected research tasks and associated hypothesis for the Project include the following: 

 Salvage Soil Management- the potential for improved plant revegetation can be achieved 

if nutrient and organic amendment requirements and mycorrhizal populations of topsoil are 

known before revegetation.  

 Construction Revegetation Quality Control- the CDOT revegetation process is not being 

completely followed especially at critical steps. Therefore, the lack of specification 

compliance is negatively affecting the rate, quality, and overall success of revegetation.  

 Forensic Revegetation Analysis- improved revegetation will occur if contractors follow 

specifications and contract requirements based on historical evidence from past projects.  

 Revegetation Survey of CDOT Construction Project Engineers– the majority of CDOT 

construction engineering representatives lack basic technical and process knowledge to 

successfully manage revegetation activities.  

 Revegetation Cost Analysis- CDOT Engineering and Maintenance management have 

underestimated the cost and effort for project revegetation and resulting rework. 

2.5 Construction Quality Control Observation Methodology (Task 4a) 

It was identified and recognized during the Literature Search (Task 1), and confirmed in the final 

research variable selection process, that understanding the effectiveness of the CDOT revegetation 

process and specifications in the field are not well known. There is very little oversight given to 

prime contractors and their landscaping subcontractors at critical times in the revegetation process. 

There is limited knowledge about the revegetation process by many engineers, maintenance, and 

environmental representatives. 
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Based on the information gathered in Task 1 and Task 2, the working hypothesis is that the rate 

and quality of the revegetation process is being negatively impacted by a lack of specification 

compliance. If this hypothesis is true, significant amounts of resources, time, and money are being 

inefficiently used to vegetate project locations, and an unnecessary amount of environmental risk 

and liability is being managed by CDOT maintenance. 

 

Quality control (QC) is a critical management element in any process-orientated activity. It is the 

fundamental component of continuous process improvement and quality outcomes. QC ensures 

product reliability, sustainability and maintenance to achieve high quality results. The QC process 

within the revegetation context would be to outline the CDOT process, identify quality actions 

(specifications) and identify sensitive or high risk elements. These verification elements are the 

most critical links in the process that need to be visually verified to ensure overall process quality.  

 

A process-based QC approach was used on active construction sites that performed or were in the 

process of performing site revegetation actions. A formalized Construction Revegetation QC 

Checklist Tool (QC Checklist) was used by the TerraLogic team to evaluate and document field 

compliance with CDOT specifications. 

 

The following is the process that was used by the TerraLogic team on performing and assessing 

the CDOT revegetation process on active construction sites: 

1. Selection of Active Construction Projects - CDOT selected five active construction projects 

that involved one to two site visits for each site undergoing revegetation. The active 

construction sites selected were based on site availability, phase of the project, and 

location. The number of visits was based on the level and type of revegetation occurring at 

the site. The sites that were selected were based on construction project complexity and 

diversity, CDOT regions, revegetation challenges, and project willingness for participation 

in the QC process. Table 2a provides a summary of the active construction sites that were 

visited by the TerraLogic team.  

2. QC Checklist Development – The QC Checklist was developed in Task 3 and was used as 

a tool to assess revegetation compliance to the CDOT revegetation process and 

specifications and to facilitate revegetation discussion during on site interviews. The QC 

Checklist contains control actions that are from CDOT specifications and QC verification 

points (Appendix C-1).  

3. Site Visits to Construction Sites - There were one to two individual QC site visits 

performed by the TerraLogic team for each identified construction site listed on Table 2a. 

The team attempted to visit the site at critical times and stages in the revegetation process 

that are identified as verification points in the QC Checklist. These verification points 

include control action such as but not limited to seed selection, soil amendment addition, 

seeding application, mulch application, and plant growth monitoring, etc. During the field 

QC studies, soil samples from surface soils and/or salvaged topsoil piles were collected 

(see Section 2.6).  

4. Results Compilation and Analysis - An Excel database was developed for all the 

construction projects visited during the field QC study. The database was reviewed and 

assessed for QC compliance, process gaps, and potential CDOT specifications or actions 

that provide limited or no value to the revegetation process.  
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5. Follow Up Construction QC Information and Survey - The CDOT Research team 

anticipated the need for the TerraLogic team to obtain additional information or 

documentation from the project engineer or contractor, after the field visits were complete. 

Additional site visits or informational requests were conducted on selected sites. 

6. Project QC Documentation – The TerraLogic team completed QC field visit summaries 

that contained QC checklists, photo-documentation, and project notes. These summaries 

were provided to CDOT as site visits were completed by the TerraLogic team (see 

Appendix D). 

As previously mentioned, there were five active construction sites visited and observed by the 

TerraLogic team members. There were other construction sites throughout the state of Colorado 

that could have been visited and observed; however, due to access, travel distance, and project 

budget only five sites could be observed. Recognizing this small number of field observations in 

on site conversations with CDOT representatives, the Project Research team believed the 

conclusion and recommendation outcomes presented in this report are representative of many field 

conditions on CDOT construction projects. 
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Table 2a. Construction QC Revegetation Assessment Locations  

Geographic Region Location/CDOT Region Rationale 

Southern Urban Foothills Region 2  Complex design-build 

construction project ranging 

from foothills to plains 

environments; ongoing 

revegetation activities were 

occurring. 

Eastern Plains Region 4 Long linear construction 

project in a dry eastern 

plains environment; on- 

going permanent and 

temporary revegetation 

activities occurring. 

East Urban Metro Region 1  Urban environment with 

limited space for 

revegetation; project 

adjacent to another agency 

project with different 

revegetation requirements; 

limited ongoing 

revegetation activities were 

occurring.  

Mountain Corridor Region 3 Permanent revegetation 

activities had already 

occurred on steep slopes 

along I-70; mountain 

environment with limited 

growing season challenged 

revegetation efforts. 

Urban Corridor Region 1 Complex design-build 

construction project with 

multiple phases and large 

amounts of soil disruption. 

 

It is important to note that project confidentiality was observed in this report. Confidentiality of 

QC observations, specification non-compliances, and project names were agreed upon with 

regional representatives to promote research cooperation and site access.  

2.6 Topsoil Management and Salvage Methodology (Task 4b) 

The scraping and salvaging of topsoil prior to construction is an important factor in successful 

revegetation. Topsoil that is salvaged and stockpiled provides the necessary soil conditions such 

as organic matter, nutrients, and native seed to promote successful revegetation. The objective of 

the topsoil salvage testing in Task 4 was to determine if proper and improved topsoil salvaging 
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techniques can be used to decrease total revegetation costs and increase soil conditions to enhance 

revegetation success.  

 

The TerraLogic team visited construction sites during the Field Revegetation QC Assessments to 

collect topsoil samples for laboratory analysis and evaluate topsoil salvage techniques. At selected 

construction sites the TerraLogic team collected samples that represent the no salvage, uniform 

salvage, Natural Resource Conservation Service (NRCS) salvage, and field verified salvage 

methodologies according to the Plan. The following soil collection and testing strategies are 

identified in Appendix C: 

 No salvage alternative sample  

 Uniform topsoil salvage sample  

 Natural resource conservation service salvage sample  

 Field verified salvage sample  

Once the appropriate soil samples were collected, the samples were delivered to the qualified 

laboratory for analysis. Soil samples were analyzed for the physical and chemical parameters as 

defined in Appendix C. 

Data Management and Analysis 

The goal of the soil testing and laboratory analysis was to identify soils that have chemical 

characteristics that were not conducive to vegetation success. The analytical testing and field data 

were reviewed to determine if improved, salvaged, stockpiled soils methods could be used to 

promote more efficient and successful revegetation. The data was reviewed to determine the best 

topsoil salvage methods that would be most likely to increase vegetation success, if followed prior 

to start of construction. 

Seed Viability Testing 

Seed samples from two active construction sites were obtained for viability testing. Samples were 

sent to the North Dakota State University Seed Testing Laboratory for germination analysis 

(AOSA, 2014) according to the Association of Official Seed Analysts (AOSA). A grab sample 

from an available seed bag was obtained and delivered to the seed testing laboratory. Germination 

percentage of the seeds tested was provided for germinated, dormant, and hard seeds by species.  

 

The data collected during the Construction Quality Control Observations Task that included field 

QC observations, soil sampling and seed viability testing is provided in Appendix E. 

2.7 “Forensic” Revegetation Analysis Methodology  

The objective of the forensic revegetation analysis was to determine the processes and crucial 

growth variables that improved revegetation success on former construction sites. Vegetation 

identification, diversity, and soil analysis among other factors were conducted to determine 

revegetation success at sites that were known to have followed CDOT specifications. Revegetation 

success was compared against undisturbed reference areas from similar and adjacent geographic 
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and ecological areas. Construction methodology and seed mix design were evaluated to identify 

techniques that improved total revegetation success. 

 

Previously vegetated sites were visited and data collected regarding topsoil characteristics, 

vegetative cover and composition, site topographic position and orientation, and hydrology. This 

data was analyzed and interpreted to determine whether or not sites have been revegetated 

successfully. Revegetation success was defined as a system that had greater than 70 percent native 

vegetation cover and had native vegetation cover that matched the local ecological vegetation 

community. To determine overall revegetation success the following items were evaluated and 

compared to the local site reference areas: 

 Canopy cover 

 Overall health 

 Native plant abundance 

 Ecological continuity 

Table 2b contains the locations that were selected by the CDOT Technical Lead and were field 

evaluated by the TerraLogic team. These sites were selected because of their location, ecozone, 

complexity, past compliance to CDOT specifications, and site access. 

Table 2b. Projects for the Forensic Revegetation Analysis  

Project 
Location/CDOT 

Region 

Geographic 

Region 
Rationale 

US-40 

Berthoud Pass  

Empire/Region 1 Mountain Complex and innovative revegetation 

strategies used in high altitude 

conditions. 

US-50  Grand 

Junction/Region 3 

West Slope High salinity soils and drought 

conditions were revegetation challenges. 

US-285 

(Phase II) 

Conifer/Region 1 Foothill  Good soils and adequate rainfall 

provided optimal revegetation 

conditions 

I-25 TREX (I-

25 and 

University) 

Denver/Region 1 Urban Urban environment with concentrated 

storm water and high applications of 

deicing agents challenged successful 

revegetation. 

North Powers  

Boulevard 

Extension  

Colorado 

Springs/Region 2 

Front 

Range/Non 

Developed 

Newly constructed road base but road 

not completed. Revegetation is less than 

one year old. 

 

As previously mentioned, there were five active forensic sites that were visited and observed by 

the Project Research team members. There were other potential forensic survey sites throughout 



 

14 

the state of Colorado that could have been visited and observed; however, due to access, traveling 

distance and project budget only five sites could be assessed. Recognizing this small number of 

potential observations, measurements, and conversations with CDOT representatives, the 

Research team believes the conclusions and recommendations are representative of many post-

construction field conditions for former CDOT construction projects that followed CDOT 

specifications. 

2.7.1 General Site Conditions 

At each forensic survey site the TerraLogic team and CDOT representatives evaluated the general 

site conditions and revegetation success based on, but not limited to, the following elements that 

were used to assist in the data interpretations and comparisons between reference sites and between 

former construction sites: 

 Revegetation history 

 Specifications 

 Seed mix and percentage observed and measured 

 Existence and extent of noxious weeds 

 Topographic position  

 Hydrological characteristics (drainage, run-on/run-off)  

 Ecological habitat continuity 

 Roadway design elements 

 GPS location 

 Elevation 

 Slope 

2.7.2 Vegetative Characteristics 

At each individual forensic survey site, vegetative cover and composition were assessed using line-

point intercept transects, as described by the United States Department of Agriculture (Appendix 

F), throughout a revegetated area and at local representative locations in the adjacent off-ROW 

(reference areas). Specific vegetative survey sites were selected in the field by the TerraLogic team 

members based on field conditions, revegetation density, vegetation type, and previous topsoil 

treatments.  

 

Vegetation was identified to the species level where possible. Each transect was 100 feet in length, 

with data collected every 10 feet. Qualitative characteristics of identified dominant vegetative 

species were recorded on data sheets for each former construction site. These characteristics 

included notes on phenology, evidence of grazing or herbivory, overall vegetative, native plant 

abundance, ecological continuity, and an overall qualitative vegetative rating. 
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2.7.3 Soil Characteristics 

At each vegetative transects surface soil conditions were visual evaluated and described by a soil 

scientist using a small excavated soil pit. The top two identified soil horizons were described based 

on the USDA-NRCS field protocols (Schoeneberger, 2012). Soil samples were collected from soil 

selected profiles. Collected soil samples were analyzed for pH and electrical conductivity (EC). 

2.7.4 Data Evaluation 

All forensic data was compiled in an Excel spreadsheet database (Appendix G). Data was reviewed 

based on site specific conditions, field data collected, historical revegetation practices, and current 

vegetative states. The team did not review weather data trends during the revegetation process, but 

recognizes that such environmental factors are factors in revegetation success or failure, potentially 

limiting the conclusions drawn from such forensic analysis. Maintenance information such as 

mowing frequency, herbicide treatments, and chemical deicing applications were obtained from 

the CDOT maintenance SAP database to identify potential impacts to revegetation. 

2.8 Revegetation Survey of CDOT Construction Project Engineers  

The CDOT Research team with support from the TerraLogic team developed 23 survey questions 

that were distributed to CDOT construction engineers involved with highway design and 

construction management (Appendix H). The survey was sent to a broad population of engineers 

to obtain an unbiased sampling of the CDOT engineering population. Google Forms was the 

primary too used by CDOT to disseminate the questions and compile the survey results. All 

responses were kept entirely anonymous in an effort to encourage honest engagement. 

 

The goal of the survey was to test the level of revegetation process understanding by CDOT 

engineers and how widespread various revegetation trends are in CDOT. This information allowed 

the TerraLogic team and the CDOT study panel the opportunity to assess the need for revegetation 

training and future research; and to identify areas of concern.  

2.9 Revegetation Costs Methodology 

The financial cost to CDOT maintenance for revegetation failure is assumed to be high. It is 

possible that CDOT is keeping the SCP open for an extended period of a time in order to achieve 

70 percent-vegetative cover relative to pre-construction conditions. This 70 percent-vegetative 

cover relative to pre-construction conditions is required by CDPHE for SCP deactivation. This 

extended amount of time could be based on inadequate soil amendments and preparation, poor 

seeding technique, contractor compliance to specifications, and other factors as discussed in 

Section 3. 

 

A cost analysis was performed for three revegetation scenarios. The first was a best case-worst 

case project cost comparison associated with revegetation rework costs; maintenance costs for 

TREX and I-25 from Lincoln Avenue to Lone Tree (Douglas County) were reviewed and 

compared. The second cost analysis involved evaluating the long term revegetation costs incurred 

by CDOT maintenance for nine recently closed out SCP projects. A range and mean of monthly 

costs for projects with recently closed (deactivated) SCPs was attempted for at least three years of 
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maintenance activity. The projects were from various CDOT regions with differing complexity, 

size, and cost. The data was collected using the CDOT SAP system that keys on specific activity 

codes and costs within a large maintenance database. The third analysis involved actual CDOT 

maintenance costs, as compiled by CDOT Region 1, to address erosion control and revegetation 

deficiencies to obtain SCP deactivation and site stabilization.  Twelve projects with open and 

deactivated SCPs were compiled, and accumulated non-project costs were summarized. Dates for 

project acceptance, SCP effective date, SCP deactivation date, duration for stabilization, and costs 

were obtained from Region 1. This information was to provide an indication on the costs being 

incurred by CDOT maintenance for the construction projects not doing erosion control and 

revegetation correctly the first time. 

3.0 RESULTS AND DISCUSSION  

The research results and discussion elements presented were the result of field observations, 

documentation reviews, interviews and communication with CDOT construction project 

engineers, RWPCMs, and prime and subcontractor representatives. The data collected was 

evaluated based on the research study’s goals, objectives, and working hypotheses. A concise 

overview of the research results and technical discussion is provided for each step within the 

research project approach. This discussion established the basis for the research project’s 

conclusions and recommendations in Section 4.0.  

3.1 Revegetation Interviews and CDOT Specification Critique 

Successful revegetation and site stabilization is a common challenge facing all CDOT regions and 

adjacent state DOTs. Weather conditions, contractor specification compliance, seeding windows, 

and the understanding of the revegetation process are all common challenges. The use of high risk 

contactors requires additional monitoring that impacts available resources. There is a consistent 

opinion within CDOT that poor communication between maintenance and engineering personnel 

leads to revegetation problems such as herbicide application and mowing. This section discusses 

these and other process and programmatic issues affecting revegetation success. 

 

A critique of CDOT specifications and revegetation process is provided by TerraLogic team 

member, Western States Reclamation. The critique concentrates on problems with top soil 

management, soil preparation, soil amendments, seed mixes, and qualified contractors.  

3.1.1 Revegetation Interviews 

The TerraLogic team contacted 18 CDOT employees, and seven regional state DOT revegetation-

landscaping professionals. There were some consistent points of view associated with construction 

revegetation challenges and successes. The following summarizes the main areas of discussion 

that were generally consistent among the interviewed professionals. 
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Regional State DOT Landscaping Professionals 

DOT landscape professionals from states other than Colorado were contacted by the TerraLogic 

team. These references were selected due to the similar climate, soil types, and environmental 

conditions to the state of Colorado. The state DOT’s contacted were New Mexico, Nebraska, 

Kansas, Utah, and Wyoming. The responses revealed the following consistent challenges and 

themes: 

 Most DOTs attributed some challenges of revegetation to drought conditions; none of them 

were a proponent of irrigation due to high costs and poor results.  

 DOTs recognized the need for additional resources to oversee contractors during critical 

times such as seed planting and plant establishment. Overall revegetation specification 

compliance is a consistent problem with contractors’ performance. 

 Internal certification or pre-qualification of revegetation contractors would be 

advantageous to revegetation success. 

 Native plants take longer to establish than non-natives, which adds to the long term project 

cost and stormwater permit coverage duration.  

 It is difficult to coordinate with design engineers in planning revegetation strategies that 

include site re-grading, slope steepness, and plant establishment. 

 There is a challenge in specifying revegetation expectations to contractors before and 

during construction.  

 Poor-performing revegetation contractors are known and are closely monitored whenever 

possible in the field; it is difficult not to use them due to low-bid competition and a lack of 

prequalification requirements.  

 It is hard to make contractors responsible for complete and successful site revegetation due 

to contracting constraints associated with time necessary to establish revegetation versus 

completing the overall project construction project. 

 No DOTs use soil testing before construction to assess amendment requirements but 

recognize the need for soil testing; some are uncertain about the soil testing methodology 

and data application. 

 DOTs recognize a need for better communication with herbicide sprayers who impact 

revegetation site growth within the ROW. 

CDOT Landscape Architects and RWPCMs 

CDOT RWPCMs often review project sites undergoing revegetation more often that landscape 

architects, since they need to monitor and document erosion control conditions as a SCP 

requirement. The level of revegetation understanding by most CDOT RWPQM interviewed is 

limited; however, their insight and comments are important and reflect common concerns and 

observations: 

 Most interviewed CDOT professionals think that the contractors are not consistently 

following CDOT “Green Book” specifications. 

 Most CDOT representatives mentioned the lack of available resources for effectively 

monitoring contractors during revegetation. 
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 There is no identified responsible CDOT representative in the field to coordinate, oversee, 

and monitor the contractor during actual soil preparation, seeding, and vegetative 

establishment before transferring the project to CDOT maintenance. 

 There needs to be revegetation training for the CDOT project engineers and RWPCMs. 

 The seed mixture is perhaps too broad and not project-site specific; using an ecozone 

selection approach could improve vegetation establishment. 

 There are inconsistencies on how percent-vegetative cover is calculated before and after 

construction to achieve 70 percent-vegetative cover. 

 There could be more detailed site-specific landscape design plans developed within the 

SWMP that should be developed by the contractor or by CDOT. 

 A contractor escrow fund should be considered to ensure an expected level of revegetation 

occurs before their complete departure from the project. 

 Revegetation is an afterthought by contractors and some project engineers who are anxious 

to move onto the next project. 

3.1.2 CDOT Specification and Process Critique 

The CDOT Standard Specifications for Road and Bridge Construction 2011 (“Green Book”) 

covers basic and conventional revegetation practices for Colorado contract work that is awarded 

by CDOT. Based on the TerraLogic team’s revegetation experience, it is recognized that more 

detailed information is typically provided beyond the Green Book on project plan sheets, project 

special provisions and on CDOT request for proposal (RFP) scopes of work. This CDOT approach 

appears to be sufficient as a project foundation and provides CDOT the opportunity to custom 

design the revegetation scope of work based on site conditions. Sections of the Green Book relating 

to revegetation practices were reviewed and examined by the TerraLogic team. The following is a 

critique of CDOT specifications and several recommendations for potential changes: 

Specification Section 207 Topsoil 

Section 207 references the handling and placing of topsoil material on CDOT projects. Soil is a 

critical element in the establishment of plants and this section would benefit from additional 

language regarding the methodology for proper topsoil identification, salvage, storage, and 

placement. A list of suggested project specifications and design guideline changes or modifications 

is included, based on the TerraLogic team’s professional judgment: 

 Currently there are no CDOT specifications or standards for identifying suitable seedbed 

quality material (topsoil) prior to initiation of construction activities. The practice of using 

soil surveys to identify the quality and quantity of topsoil for use in revegetation has been 

utilized by the mining industry for nearly 40 years. The costs of conducting a pre-

disturbance soil survey and topsoil management plan will be offset by adding correct soil 

amendments to only soil materials which potentially lack favorable seedbed quality 

material. Management of topsoil resources will reduce failed revegetation maintenance and 

monitoring costs. Pre-construction soil analysis and surveys are necessary because often 

CDOT disturbances take place in areas of previously disturbed right of way conditions, 

which makes the NRCS soil survey data of minimal use.  
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 Topsoil Section 207 would benefit from further discussion on the importance of 

maintaining segregated topsoil stockpiles throughout construction. Co-mingling of topsoil 

with other non-suitable onsite soils should be avoided.  

 Topsoil Section 207 could benefit from language restricting topsoil salvage in unfavorable 

conditions, such as soil moisture conditions that are too dry or too wet. If topsoil is salvaged 

in unfavorable conditions it could lead to permanently damaging beneficial soil structures 

and composition. 

 The identification and use of suitable subsoil materials should be incorporated into the 

specifications and/or a landscape design plan. Utilizing quality subsoil could increase 

project success and reduce overall project costs. Quality subsoil conditions would have to 

be identified in the field by a soil scientist and confirmed with soil testing and analysis. 

 Ensure that the stripping and stockpiling of available topsoil is executed properly by having 

onsite inspections by trained personnel. Additional inspections would have to be made 

throughout the duration of the project to make sure salvaged soils are being stored properly.  

 Destroying soil stockpiles during earthwork activities is not acceptable and should be 

enforced in the project specifications. If available topsoil is identified, but is not properly 

salvaged or stored according to specification, the contractor should be responsible for 

importing quality topsoil or adding additional amendments without cost to CDOT. In order 

for this system to work, a topsoil salvaging, stockpiling, and placement plan should be 

planned and designed with a landscape design plan in the SWMP or other enforcement 

document.  

 Proper equipment and tools should be used for topsoil placement. Heavy equipment can 

cause soil compaction, which hinders root growth and plant development. 

Specification Section 212 Seeding, Fertilizer Soil Conditioner and Sodding 

Overall, these specifications cover basic regional revegetation practices and include discussions 

on timing, materials and standard rates. Additional revegetation information and design is typically 

provided on project plans such as amendment rates and project specific seed mixes.  

 

Listed below are topics that should be considered for incorporation into landscape design plans 

and/or specification section 212: 

 The use of qualified contractors to perform revegetation would increase project success. 

The specifications have language directed towards the use of proper revegetation 

equipment, but the use of qualified personnel trained on proper revegetation equipment and 

methods are also critical factors in project success that are not directly addressed.  

 Amendment type and associated application methods should be considered when 

recommendations are identified by a soil scientist and or CDOT landscape architect. In 

some cases, a surface application may be advantageous in contrast to the specified 

incorporation depth of 4 inches or 6 inches. Boilerplate soil amendment recommendations 

within the SWMP should be avoided by the designer, since this could lead to over or under 

application of amendments.  

 The use of soils amendments needs to be based on soils test results including organic matter 

content, nitrogen-phosphorous-potassium (N-P-K), electrical conductivity, soluble ions, 

pH, Sodium Absorption Ratio (SAR), and calcium carbonate percent. 
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 It is very difficult to get standard agricultural equipment on 2:1 slopes to drill seed. A 2.5:1 

slope should be the maximum slope for drill seeding and straw mulching.  

 Soil preparation as a required two-step process for tillage would improve seedbed 

specifications. Most times ripping the soil surface only once is not adequate, and 

contractors often bid to do it just once. As a pay line item, soil ripping per acre, per pass 

might get better soil preparation and overall revegetation success.  

 Current seed plans appear to be based on regional vegetation zones or broad ecosystem 

communities. This practice may be too general to determine the appropriate seed mixture 

that should be utilized for site-specific vegetation communities.  

 A review of several seed mixes indicates that there has not been consideration for balancing 

the drill seed rate to an average of 50 to 60 seeds per square foot, which is an accepted 

standard in the western United States  

 Distributing too few or too many seeds can be detrimental to plant establishment. An 

overabundance of seeds per square foot can lead to intense competition for water and 

nutrients that may not be available in the soil. This could negatively affect vegetation 

diversity or lead to eventual die off of the vegetation community. 

Specification 213-Mulching 

The CDOT mulching specification section covers basic mulching materials, methods and 

practices. This section appears to provide adequate guidelines for contractors to follow; however, 

a few additions and corrections could make this section better. Inspection of material quantity and 

quality is critical when it comes to achieving proper coverage during mulching operations. 

Enforcement of crimping depth, straw/hay mulch length, and overall quality of materials used 

would greatly increase the effectiveness of mulching on revegetation projects. 

 

There are some adjustments to the specifications that could be made that would help improve the 

current specifications and provide a higher potential for greater project success. The addition of 

science-driven project special provisions and plans derived from onsite sampling and observation 

is critical to revegetation success and cost effectiveness. 

3.2 Construction Revegetation QC Assessment 

A process QC approach was used to observe and evaluate the application and compliance to 

specific CDOT revegetation specifications. This revegetation assessment was performed to test 

the hypothesis that the CDOT revegetation process is not being completely followed especially at 

critical steps; therefore, the lack of specification compliance is negatively affecting the rate, quality 

and overall success of revegetation. Compliance and understanding of CDOT specifications by 

contractors and CDOT field representatives was identified as a major success issue early in the 

project. Contractor non-compliance to CDOT specifications was a common observation during the 

QC assessment.  Many times changes were instituted unilaterally by the contractor without project 

engineer knowledge or approval. It appears that project engineers and maintenance staff do not 

use landscape architects or qualified individuals to aid in revegetation-based decision making in 

the field. 
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Salvaged topsoil is an important component to site revegetation since it contains soil structure, 

organic matter, microbial biomass, and native seed material. CDOT specifications are very specific 

about removing and stockpiling topsoil for future revegetation use. Soil samples were collected at 

four construction projects during the QC visits to test the hypothesis that the potential for improve 

plant revegetation can be achieved if nutrient and organic amendment concentrations of topsoil are 

known before revegetation.  

 

Five active construction projects were visited and assessed using the QC Checklist. The QC 

Checklist documented specific revegetation activities and was also a tool used to facilitate 

discussion among project engineers, TECS, and landscape subcontractors. Active construction 

sites within the following areas and regions were visited by the TerraLogic team: 

 Southern Urban Foothills (Region 2) 

 Eastern Plains  (Region 4) 

 Urban Metropolitan Area (Region 1) 

 Mountain Corridor (Region 3) 

 Urban Corridor (Region 1) 

3.2.1 Southern Urban Foothills (Region 2) 

The TerraLogic team visited an active design-build project south of the Denver Metropolitan Area 

three times. The following highlights the main observations made during these field visits. The 

completed Field Visit Observation Summary Report can be reference in Appendix D-1: 

 Soil amendments were not consistently used on the project, which is a CDOT specification 

requirement. The areas that were amended with compost had the best vegetative growth 

and less soil compaction. It is questionable that some areas were tilled, de-compacted, or 

scarified before planting due to soil surface hardness. The project engineer was not aware 

of, nor asked about any specification change to allow this non-soil preparation 

modification. 

 Straw mulch was supposed to be applied all previously disturbed areas; however, tackier 

was not added to the straw mulch which is a CDOT specification requirement. As a result, 

the straw mulch that was previously applied was being blown away, which resulted in large 

areas of exposed soil.  

 The RWPCM did not perform the pre-construction percent-vegetative cover and had the 

understanding that noxious/non-native weeds count as percent cover when performing the 

measurement. This appears to be contrary to the existing CDOT protocol.  

 There was a lack of time for the RWPCM to watch and review contractors during seeding 

and other critical revegetation times. The RWPCM mentioned that they have not 

beenadequately trained to review and assess revegetation actions, nor do they feel they 

have the time to do so. 
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 An independent construction management contactor was reviewing contractor 

conformance to CDOT specifications; however, it appears that compliance to revegetation 

specifications such as the soil amendments and tackifier issues already mentioned were not 

being follow or documented. 

 It was noted that seed mix was being stored in the drill seed applicator’s metal bin (see 

Figure 1). The viability of this stored seed is questionable since seed viability can be 

impacted by temperature extremes. It should have been stored under controlled conditions 

that avoid temperature extremes. 

 Seed mix onsite had different plant species and seeding rate than specified in the SWMP 

provided to the TerraLogic team for review.  

 Seed mix was applied at a drill seeded rate of 177 PLS pounds per acre (lb./acre). This is 

well over the optimal seeding rate of 60 PLS lb./acre used in standard reclamation practice.  

 There was no verification or documentation to substantiate that the drill seeders had been 

calibrated prior to or during the project. 

 Two seed drills were inspected during the site investigation. One of the seed drills was 

placing the seed behind the openers and the press wheels and did not appear to be applying 

adequate downforce. This seeder did not have the needed depth bands on the openers 

(specification 212.07). The second seed drill reviewed had proper seed placement and 

depth bands. 

 

Figure 1. Drill seeder storing seed 
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 Seeding was performed outside of appropriate seeding windows (September 15 to ground 

freeze and Spring Thaw to June 1) as per CDOT specification 212.03. It is probable that 

the temporarily established vegetation started from summer planting will not survive winter 

conditions.  

Salvaged Topsoil Management 

Topsoil was stockpiled according to CDOT specification 207.03. The following summarizes the 

topsoil management observations: 

 A maximum of 4 inches of topsoil were stockpiled throughout the project area. 

 Some mixing of topsoil with subsoil was occurring (Figure 2)  

 No BMPs were observed at the topsoil pile to protect the soil from wind and or water 

erosion and transport (Figure 3). 

 Topsoil piles were not clearly identified with signage. Topsoil had been stockpiled in the 

same area since October 2013. 

 

Figure 2. Topsoil mixed with subsoil. 
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Figure 3. No wind or water erosion control on topsoil piles. 

 Topsoil spreading was being completed on portions of the disturbed ROW (Figure 4). It 

was noticed that prior to spreading the subsoil the surface was not prepared for topsoil 

placement. A clear and definite discontinuity among soil layers was being established 

which could decrease revegetation success. This potential discontinuity between soil layers 

could result in poor water movement between soil layers. 
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Figure 4. Topsoil spreading in progress. 

3.2.2 Eastern Plains (Region 4) 

A six mile construction project located on the eastern plains was visited twice by the TerraLogic 

team. The following highlights the main observations made during these field visits. The 

completed Field Visit Observation Summary Report can be referenced in Appendix D-2:  

 Organic amendment with N-P-K of 6-1-3 and humates were called out on the plans. All 

seeding prior to September 2013 received Biosol 7-2-1 and humates; however, after 

September 2013 the seeded areas received Sustane 8-2-4 and humates. The contractor 

inspector stated there were issues with pricing and availability, which is why the contractor 

switched amendments.  

 The contract inspector monitored drill calibration, but did not provide written 

documentation. The verification and documentation of the drill depth and seed application 

are critical factors towards successful revegetation and specification compliance.  

 One steep area within the project area was hydroseeded and hydromulched, and then 

erosion control blanketed. It was not documented who approved of this modified seeding 

and mulching approach.  
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 As stated by the landscape subcontractor, the CDOT project engineer directed the 

landscape contractor to temporarily stabilize areas via seeding and mulching without using 

soil amendments; as a result, many of these areas ultimately become permanent 

revegetation areas without the soil amendments. This supposedly resulted in spotty 

revegetation success. Amendments could be added to the soil (in this case, imported soil) 

regardless if it is going to be associated with temporary or permanent revegetation. 

 The landscape contractor felt CDOT seeding windows made sense but there needed to be 

some flexibility, depending on site conditions, where June 1 was the latest that the project 

could seed according to specifications. The project may ask the project engineer to extend 

the seeding period. The project engineer should not make this decision without consulting 

a CDOT landscaping architect or qualified CDOT representative. 

 It was mentioned that CDOT maintenance herbicide applications are affecting revegetation 

success. CDOT needs better weed control along the ROW near revegetation areas. A well-

orchestrated Integrated Noxious Weed Management Plan (IWMP) under the coordination 

of a CDOT landscape architect or qualified CDOT representative is needed to ensure new 

vegetation is not being impacted and, at the same time, not out competed by noxious and 

invasive weeds. A project specific IWMP should be part of a more detailed landscape 

design plan.  

 The TECS could not find the pre-construction percent-vegetative cover data and was not 

aware of who performed the measurements. It was assumed by the TECS that this 

information resides with the CDOT project engineer; however, the documentation was not 

in the SWMP. 

Salvaged Soil Management 

Topsoil was “windrowed” via placement into small berms and not stockpiled as per CDOT 

specification 207.03. The topsoil was scraped aside into linear piles along the interstate access 

road. No topsoil horizon-depth measurement was taken prior to grading. Observation showed no 

real organic matter/topsoil horizon present within the windrowed berms.  

3.2.3 Urban Metropolitan Area (Region 1) 

The project, that included both roadway improvements and bridge construction, was located within 

the Denver Metropolitan Area. The project was adjacent to, and associated with, another 

transportation agency project. The project was characterized by ROW space constraints within an 

urbanized area with little existing ROW vegetation.  

 

The completed Field Visit Observation Summary Report can be reference in Appendix D-3. The 

following highlights the main observations made during two field visits:  

 No compost was added to the topsoil as required by CDOT specification. The project 

engineer was not aware of the requirement for compost nor the prime contractor’s unilateral 

decision to eliminate compost application.  
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 Two transportation agencies are in the process of construction. These sites were 

immediately adjacent to each other. There was confusion about who was responsible for 

revegetation and what specifications to follow. There was a lack of CDOT project engineer 

and contractor leadership on solving this issue. A project-specific landscape design plan 

would have been a helpful tool to resolve this revegetation responsibility gap.  

 The revegetation subcontractor stated that monthly revegetation inspections occur to check 

on progress; however, based on field observation and the amount of exposed soil, routine 

monitoring was questionable. Routine revegetation monitoring by the subcontractor and/or 

CDOT would have been important to measure revegetation success and to identify 

problems early in the process. 

 Pre-construction percent-vegetative cover was not quantitatively measured as required by 

CDOT. Photos, apparently shot from a moving vehicle, were used for pre-construction 

documentation (Figure 5). Vegetative cover greater than, or equal to, 70 percent from pre-

construction levels will be impossible to correctly document to CDOT and/or to CDPHE.  

 

 

Figure 5. Example of pre-construction percent vegetation photo for documentation 

 High soil compaction conditions were noted during the field visit. It appeared that the 

project failed to comply with CDOT specification 212.06 for soil preparation. Figure 6 

shows poor revegetation success and exposed soils due to soil compaction and poor seeding 

installation.  



 

28 

 

Figure 6. Limited revegetation success due to soil compaction and seed installation 

 It was mentioned by the prime contractor that most revegetation efforts would be conducted 

between late spring and early fall, which would have been outside of the CDOT 

specification seeding window.  

 There was no real metric or performance standard that was expected to be achieved by the 

contactor in order for CDOT to sign off and approve the revegetation conditions; only a 

visual observation was to be used for acceptance. This observation is contrary to the CDOT 

Water Quality Permit Transfer to Maintenance Punchlist requirements (Appendix I).  

 A CDOT landscape architect should be needed at the maintenance punchlist sign off stage 

to support the CDOT maintenance representative and ensure revegetation is progressing 

and has been established in an expected manner.  

 The CDOT project engineer and RWPCM did not feel comfortable making revegetation 

assessments and recommendations. There was an agreement that revegetation training was 

needed to better monitor and evaluate revegetation success over time. 

 No communication between the CDOT project engineer and the CDOT landscape architect 

had occurred or was expected to occur during future seeding or soil preparation.  

 No discussions occurred during the environmental pre-construction meeting about 

revegetation performance expectations. It was important for the CDOT project engineer 

and landscape architect to discuss revegetation expectations early in the process with the 

prime contractor and their landscaping subcontractor.  

 The prime contractor felt that if CDOT wants a quality revegetation job on future projects, 

the expectations need to be identified early in the RFP to so accurate revegetation costs can 

be developed.  
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Salvaged Topsoil Management 

 Topsoil depth was based on visual observation. It was mentioned by the TECS that some 

grading occurred at night; therefore and accuracy of topsoil depth removed for stockpiling 

was questionable. 

 No erosion control from stormwater and wind was instituted by the contractor for the 

salvaged topsoil pile 

 Topsoil was stockpiled and samples were collected along with background soil samples.  

 Topsoil stockpile had Listed B noxious weeds present on the pile. The noxious weeds were 

going to seed and in need of eradication (Figure 7). An IWMP contained with a landscape 

design plan would have been helpful to the TECS. 

 

 

Figure 7. Topsoil stockpile containing noxious weeds and no BMPs. 

3.2.4 Mountain Corridor (Region 3) 

The TerraLogic team conducted a site visit for seeding operations in May 2014 at an active CDOT 

construction Project located along the I-70 West Mountain Corridor at an elevation of 6,600 feet 

above sea level. The TerraLogic team discussed the project revegetation progress and the QC 

Checklist with the CDOT Contracted Management-project engineer, RWPCM, landscape 

contractor, and the TECS. The following highlights the main observations made during this field 

visit. The completed Field Visit Observation Summary Report can be reference in Appendix D-5: 
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 The seeding methodology was changed from drill seeding to broadcast seeding, raking, 

and hydromulch. The change was requested due to a large proportion of steep (>2:1) slopes 

on the project site. 

 The change in seeding specifications was authorized by the Contract Management-project 

engineer. Seeding rates were increased 1.5 times the normal drill seeding rate for the 

broadcast seeding. It was noted during the site inspection that multiple areas could have 

been drill seeded. 

 The project site was seeded and hydromulched around November 15, 2013 (within the 

seeding window), little if any remaining hydromulch was observed on the site during the 

site visit (Figure 8). 

 

 

Figure 8. Soil surface with limited hydromulch remaining. 
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 A high level of soil compaction was observed in the top 3 to 4 inches of the soil surface. 

Figure 9 shows evidence of the compaction with most of the staples for the erosion-

control blanket not placed all the way to depth or bent.  

 

Figure 9. Blanket staples not installed completely - likely due to high soil compaction. 

 The landscape contractor did not understand the specification for soil conditioning and 

fertilizer requirements; and therefore did not apply the specified products.  

 A single vegetation transect was meant to be representative of 19 acres of previously 

disturbed area and was used to establish pre-construction percent-vegetative cover 

conditions. During the site inspection the TerraLogic team noticed multiple ecozones 

within the ROW that likely had varying degrees of vegetative cover. It is very probable 

that one transect at one location would not be representative of the entire project area. 

 The seed mix was reviewed and appeared appropriate for the site. The seeding rate was 

calculated at 212 PLS per square foot, which is extremely high, and could cause 

competition during establishment. This high rate of seeding probably resulted in excessive 

financial spending for seed mixes. 

Salvage Topsoil Management 

According to the TECS, topsoil was salvaged and moved offsite due to limited storage room within 

the construction ROW. The offsite topsoil stockpiles were reviewed and, based on visual evidence, 

it was determined that the stockpiles were comprised of large rocks, electrical wiring, sheet metal, 

and large woody debris (Figure 10). This condition is not in conformance to CDOT specification 

207.02. No samples were collected for testing. 
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Figure 10. Compromised offsite topsoil stockpile.  

3.2.5 Urban Corridor (Region 1) 

The TerraLogic team conducted a construction revegetation QC observation visit on an active 

construction site representative on an Urban Corridor Project during September, 2014. During the 

site visit, soil samples were obtained from a salvaged topsoil pile, a background soil sample, and 

a NRCS soil sample. The Urban Corridor Project was a design-build project and the SCP was held 

by the prime contractor. It appeared that the TECS was also the landscape contractor. 

 

The completed Field Visit Observation Summary Report was completed during the visit (see 

Appendix D-5). The following are the site observation results and discussion: 

 The subcontractor was referencing CDOT specifications 214.04, in which the first 

paragraph states: “throughout the Landscape Establishment Period, the contractor shall 

maintain all plant material and seeded areas in a healthy and vigorous growing condition 

and ensure the successful establishment of vegetation. Landscape architect to determine 

acceptability of plant material.” 

 This specification lacks specific detail in regards to landscaping and seeding establishment. 

It is assumed that this specification relates to non-irrigated vegetation development (i.e. 

revegetation). The terminology of “healthy and vigorous growing condition and ensure the 

successful establishment of vegetation” was not well defined.  
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 The Notice of Landscape Completion documentation had not been observed during any 

construction revegetation QC site visits. It was not clear if this revegetation compliance 

activity was actually performed at this and other sites. In addition, there was no mention or 

documentation reviewed that indicated that the contractor, CDOT project engineer and 

CDOT landscape architect determined acceptability of plant material, which could be 

interpreted to include plant seeding. The insertion of “seeded areas” into the specification 

214.04 makes the requirements for un-irrigated areas confusing and perhaps not applicable 

to large scale revegetation. 

 There was a lot of confusion about the proper seed mix for the project. Five different seed 

mixes were proposed by a landscaping consulting firm. Apparently the proper seed mix 

was not detailed by CDOT in the RFP and there was no CDOT regional support on this 

issue. Apparently the landscape consultant made the determination for the final seed mix 

without CDOT concurrence.  

 Compost and other soil amendments were not added to existing topsoil used for 

revegetation. This decision was not based on previous soil chemical data but apparently 

made by the prime contractor management to ignore amendment specification 

requirements established and/or approved by CDOT for the project scope of work. This 

action caught the attention of the CDOT project coordinator and the contractor QA 

representative. 

 The top six inches of topsoil was removed, collected and stockpiled within piles or berms 

at various locations along the project area. No erosion-control BMPs were used at the 

stockpile location sampled for this visit. 

 Herbicide on topsoil was not used but it was in the CDOT Project RFP. According to the 

landscape contractor, there appeared to be a potential disconnect between the CDOT 

specifications and RFP requirements on this herbicide issue. CDOT landscape architects 

should develop or at least review revegetation language in RFPs before finalization. 

 Seeding was performed outside the seeding window as required by CDOT specification 

212.03. Seeding occurred into late June, 2014 time period (after the June 1 period) and 

started the first week of August 2014 (before the September 15 period).  

 It was mentioned by the TECS that revegetation areas were monitored after seeding; 

however, the action is not documented and is not performed on a routine schedule. 

 If there is a revegetation problem identified by the landscape contractor, it is not clear if 

this was identified as a formal and documented corrective action requiring attention and 

action. 

 Apparently a formalized landscape design plan was required in the RFP; however, no such 

plan was available for review. 

3.2.6 Topsoil Characterization Overview 

Soil samples collected from the four construction revegetation QC site visits indicated that topsoil 

management can affect soil quality significantly. In three of the four sites where topsoil was 

salvaged, the soil electrical conductivity (EC) increased by at least two-fold between the 

undisturbed surface soil sample and the topsoil sample (Table 3a). The increase in soil EC was 

likely due to either mixing of greater EC subsoil with topsoil (Eastern Plains) or solubilizing 

CaCO3 (Urban and Urban Corridor). No free CaCO3 was observed in the soil matrix at the   
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Southern Foothills site, the only site without an increase in soil EC. This increase in EC could 

negatively impact plant germination and revegetation success if it exceeds specific plant salinity 

tolerances. 

Table 3a. Construction Revegetation QC – Soil Testing Results 

 

 
 

In the two urban areas reviewed, the soil within the topsoil piles had a six-fold increase in soil 

SAR relative to baseline soil conditions. Increases in soil SAR negatively impacts soil structure 

and water movement into and through the soil. In addition, an increase in SAR can increase soil 

crusting that can negatively impact plant establishment since the seedlings may have trouble 

pushing up through the surface crusts. The increase in soil SAR could be due to many factors but 

the two likely factors on a ROW include placing the topsoil pile too close to the active road surface 

and using of the topsoil material as a stormwater BMP. Both of these factors allow the topsoil to 

come in contact with road deicing agents, which likely increase soil salinity and SAR.  

 

Soil fertility in the analyzed soil samples varied greatly between locations based on parent material 

and soil texture. In general, the existing soil fertility was adequate for revegetation  

  

Southern Foothills

Depth pH EC Saturation

Excess Lime 

Rating Sol. Ca Sol. Mg Sol. Na SAR NO3-N NH4-N

Inorganic 

N Bray P-1 Exch. K

inches S.U. dS/m % -- meq/L -- mg/kg

Uniform 0-6 6.8 0.19 31 None 0.70 0.33 0.35 0.5 1.8 7.3 9.1 1.2 127

Field 0-14 6.7 0.24 31 None 1.05 0.50 0.30 0.3 3.6 7.1 10.7 1.3 114

NRCS 0-16 6.4 0.34 37 None 1.45 0.40 0.48 0.5 2.6 6.6 9.2 0.8 91

No Salvage 0-18 6.9 0.30 33 None 1.60 0.67 0.43 0.4 2.6 6.9 9.5 0.4 71

Topsoil Pile 6.2 0.20 36 None 0.80 0.33 0.39 0.5 5.3 4.9 10.2 1.5 54

Mountain Corridor

Depth pH EC Saturation

Excess Lime 

Rating Sol. Ca Sol. Mg Sol. Na SAR NO3-N NH4-N

Inorganic 

N M3 - P Exch. K

inches S.U. dS/m % -- meq/L -- mg/kg

South 0-4 8.00 0.37 40 High 4.40 1.25 0.22 0.1 4.3 1.7 6 25 240

South 4-12 8.00 0.33 39 High 3.90 13.00 0.22 0.1 2 2.3 5 16 123

North Facing 0-6 8.00 0.87 28 High 6.55 2.42 0.96 0.5 10.6 2.1 13 19 120

Eastern Plains

Depth pH EC Saturation

Excess Lime 

Rating Sol. Ca Sol. Mg Sol. Na SAR NO3-N NH4-N

Inorganic 

N M3 - P Exch. K

inches S.U. dS/m % meq/L -- mg/kg

Uniform 0-6 6.6 0.17 30 None 0.55 0.33 0.39 0.6 2.9 2.0 4.9 34 213

Imported Sur 7.6 1.55 28 High 7.90 3.17 4.35 1.9 26 2.5 29 48 181

No Salvage 0-18 7.7 0.37 30 None 2.50 0.92 0.26 0.2 3.2 2.6 5.8 59 192

Topsoil Berm 7.4 0.42 29 None 1.75 1.17 0.61 0.5 14 3.5 18 110 140

Urban 

Depth pH EC Saturation

Excess Lime 

Rating Sol. Ca Sol. Mg Sol. Na SAR NO3-N NH4-N

Inorganic 

N

Melich 3 

P Exch. K

inches S.U. dS/m % -- meq/L -- mg/kg

NRCS 0-8 7.8 0.32 37 Low 2.00 0.30 0.52 0.5 2.2 0.7 2.9 22.0 135

No Salvage 0-18 8.0 0.36 33 High 1.60 0.50 1.87 1.9 2.1 0.7 2.8 14.0 90

Topsoil Pile 7.5 3.23 36 High 19.50 5.25 10.43 3.0 21.7 0.9 22.6 32.0 155

Urban Corridor

Depth pH EC Saturation

Excess Lime 

Rating Sol. Ca Sol. Mg Sol. Na SAR NO3-N NH4-N

Inorganic 

N M3 - P Exch. K

inches S.U. dS/m % -- meq/L -- mg/kg

NRCS Comp 1 0-6 7.4 0.82 47 High 5.20 1.67 2.09 1.1 2.3 2.5 4.8 31 426

NRCS Comp 2 0-6 7.4 0.86 45 High 5.45 1.75 2.22 1.2 4.2 2.3 6.5 32 417

Background 0-6 7.6 0.80 40 High 3.70 1.58 3.65 2.2 5.4 3.7 9.1 25 299

Topsoil Berm 7.6 3.77 45 High 15.30 5.50 20.70 6.4 24.1 4.7 28.8 31 271

Salvage 

Technique

Salvage 

Technique

Salvage 

Technique

Salvage 

Technique

Salvage 

Technique
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success and the addition of fertilizer w not required for a majority of the sites (Mortvedt et al., 

1996). It was therefore important that non top soil material not be mixed or added to the salvaged 

topsoil pile. 

 

Soil tests were obtained from the Eastern Plains Site where topsoil was being imported due to 

concerns about the lack of suitable native topsoil and available fill. The soil tests revealed that the 

imported topsoil had significantly worse chemical and physical characteristics than other soils on 

the site. The soil EC and SAR ratings were all above levels that could negatively impact 

revegetation success. Soil organic material (OM) was less than 0.5 percent, which is not adequate 

to promote soil nutrient cycling or water holding capacity. The beneficial aspect of the imported 

material was that the soil texture (Sandy Loam) was slightly more favorable than the native topsoil 

(Loamy Sand) for revegetation success.  

3.2.7 Seed Viability Testing Overview 

Based on the results of the seed germination testing, a large variance in germination percentage 

was observed between the seed samples collected from the Southern Urban Foothills (Region 2) 

and the Eastern Plains (Region 4) projects. In general the laboratory tested germination percentage 

was 10 and 17 percent less than shown on the seed tags (Tables 3b and 3c). Individual species 

showing an increase of 10 percent to a decrease of 84 percent at the Southern Urban Foothills site 

(Table 3b). At the Eastern Plains site seed germination percentage, by species, increased a 

maximum of 26 percent with a maximum decrease of 51 percent (Table 3c). These dramatic 

decreases in seed germination are indicative of poor seed management and handling by the 

contractor or the use of old seed. The seed viability testing was conducted on seed supplied by two 

separate, very reputable, seed suppliers. 

Table 3b. Southern Urban Foothills Seed Viability Testing Results 

Seed Viability 

Species 
Actual Seed Tag Percent 

Germination Dormant Germination Change 

Blanketflower 88% 0% 80% 10% 

Little bluestem 48% 13% 94% -35% 

Galleta 81% 8% 95% -6% 

Junegrass 78% 0% 92% -15% 

Blue grama 49% 18% 85% -21% 

Sideoats grama 57% 2% 94% -37% 

Green needlegrass 18% 77% 93% 2% 

Prairie coneflower 81% 0% 82% -1% 

Inland saltgrass 3% 85% 97% -9% 

Oats 15% 0% 95% -84% 

Western wheatgrass 84% 3% 85% 2% 

Switchgrass 91% 3% 97% -3% 

 



 

36 

Some seed tags obtained from the contractors showed that the seed was tested at least 365 days 

prior to use. Seed testing results are only good for one year. If the seed is beyond one year of 

testing, it does not mean the seed is not viable; however, it does indicate that a new germination 

test must be performed prior to the use to verify quality. The 365 days between seed tests assumes 

that the seed will be kept in appropriate storage conditions until it is planted.  

 

During the construction revegetation QC visits, seed was not always kept under appropriate 

conditions. Seed was observed in drill seeder grain drills, mixed bags with limited tag information, 

and offsite under unknown conditions. All of these conditions could expose the seed to conditions 

that may have impacted the germination percentage; and therefore revegetation success. 

Table 3c. Eastern Plains Seed Viability Testing Results  

Seed Viability 

Species 
Actual Seed Tag Percent 

Germination Dormant Hard Germination Change 

Oats 94% 0% 0% 98% -4% 

Little Bluestem 39% 10% 0% 95% -48% 

Thickspike Wheatgrass 95% 0% 0% 95% 0% 

Prairie Sandreed 46% 0% 0% 94% -51% 

Prairie Junegrass 88% 0% 0% 84% 5% 

Western Wheatgrass 92% 2% 0% 85% 11% 

Prairie Coneflower 79% 3% 0% 98% -16% 

Blanketflower 82% 2% 0% 81% 4% 

Sand Dropseed 4% 60% 0% 91% -30% 

Sideoats Grama 89% 4% 0% 95% -2% 

Blue Flax 63% 0% 0% 50% 26% 

Purple Prairie Clover 25% 0% 64% 98% -9% 

Blue Grama 78% 0% 0% 93% -16% 

 

3.3 “Forensic” Revegetation Analysis 

The objective of the forensic revegetation analysis was to determine the revegetation processes 

and crucial growth variables that contributed to the success of historical construction sites. This 

task compared methods used at former construction sites within three CDOT regions to determine 

if consistent revegetation variables contribute to revegetation success. Data was reviewed and 

interpreted to test the hypothesis that improved revegetation will occur if contractors follow 

specifications and contract requirements based on historical evidence.  
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These selected forensic survey locations were assumed to be revegetated according to CDOT 

specification and oversight by CDOT landscape architects. Former construction sites within the 

following areas and regions were visited by the TerraLogic team: 

 US-285 (Region 1) 

 I-25 Former TREX  (Region 1) 

 Berthoud Pass (Region 3) 

 Powers Boulevard (Region 2) 

 US-50 (Region 1) 

3.3.1 US-285 Forensic Survey 

The US-285 project was constructed in three phases starting in 1994. The construction of this US-

285 corridor project was completed in 2002. The forensic survey was conducted on June 19, 2014. 

The following summarizes the survey findings:  

Seed Mix Evaluation 

A comprehensive seed mix was developed by CDOT and placed in the construction SWMP. It was 

assumed that the seed mix data provided by CDOT in the SWMP were actually used for 

revegetation seeding on the US-285 Project.  

 

The seed mix developed for the US-285 Project had 10 separate species with 4 of those consisting 

of forbs and shrubs. PLS per square foot was approximately 133, in which grasses accounted for 

approximately 78 PLS per square foot; approximately 60 percent of the seeds on a PLS basis. 

Approximately 30 percent of the grasses on a PLS basis were cool grasses. The majority of the 

grasses in the seed mixes (60 percent) were bunch grasses. The utilized seed mix had too many 

PLS per square foot and is heavy on warm season grasses. This mixture of introduced species such 

as Thinopyrum intermedia and Trifolium hybridium does not meet CDOT internal policies. 

The Forensic Survey Results 

Total percent-vegetative cover of the site ranged from 90 to 100 percent, with only one 

measurement point location in all the transects having no vegetative cover. Basal cover, live leaves 

lying on the soil surface, and base of the plants, ranged from 0 to 50 percent with an average basal 

cover of 24 percent. From a site stabilization perspective the revegetation success at this 

construction site was very high.  

 

Looking at revegetation from an ecological perspective, the Overall Health Evaluation Index of 

the entire revegetation area achieved scores from 2 to 4, with the reference area receiving a score 

of 4 (Table 3d). The average score of 3.4 for all five plots was close to the reference value of 4 for 

Overall Health Evaluation. The Native Plant Abundance Index ranged from 2 to 5, with the 

reference area receiving a score of 5. The average score of the five plots surveyed was 3.4, slightly 

above average, indicating the presence of native plant species, though native species were not as 

abundant as in the reference plot. The Ecological Continuity Index scores ranged  

  



 

38 

from 2 to 5 with an average rating of 3.2 with the reference area receiving a score of 5. Similar to 

the Native Plant Abundance Index score, Transect 2 scored the lowest on Ecological Continuity 

Index due to the lack of species diversity in this revegetated area (Table 3d). 

 

Good plant diversity, good soil drainage and a lack of noxious weeds resulted in the relatively high 

Overall Health, Native Plant Abundance and Ecological Continuity Indices scores for US-285.  

 

Comparing native species identified during the transect sampling versus the seeds planted during 

the revegetation portion of the project indicates a lack of continuity. The percentages of plants 

identified for each transect versus what was planted ranged from 0 to 36 percent. The reference 

area identified had one species along the transect that was in the project seed mix. The average for 

all plants identified compared to the seed mix was approximately 17 percent, including the 

reference area. Therefore, a majority (83 percent) of the plants identified along the transects were 

likely establish due to recruitment and soil seed bank rather than the actual seed mix used. This 

indicates that the seed mix selected did not help in promoting revegetation success.  

 

The number of forbs and shrub species observed within the transects, excluding the reference 

transect, ranged between 0 to 18 percent to the seed mixture. The percentage of forbs and shrubs 

was very low when compared to the percentage in the seed mix (41 percent). This discrepancy 

between the seed mix and the established ROW forbs and shrubs was potentially due to mowing 

and/or herbicide spraying.  

 

Four of the ten plant species in the seed mix were not seen in the five survey plots: big bluestem, 

blue grama, sideoats grama, sheep fescue, and woods rose. Over the past 12 years since 

construction, 40 percent of the seed mix species were not observed, and this leads to a conclusion 

that the seed mix should have been more closely matched to the native plants within the 

construction project area.  
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Table 3d. Summary Revegetation Scores for Hwy 285 Vegetation Transect Surveys  

Plot/ 
Transect 

Reference 

Plot (#4) 

Scores Grazing/ 

Herbivor

y 

Overall 

Health 

Native Plant 

Abundance 

Ecological 

Continuit

y Canopy 

cover 

Bare 

ground 

Basal 

cover 

1  100% 0% 10% 1 4 3 4 

2  100% 0% 50% 1 3 2 2 

3  100% 0% 30% 2 2 4 4 

4 Reference 100% 0% 20% 2 4 5 5 

5  100% 0% 30% 1 4 4 3 

6  90% 0% 0% 1 4 4 3 

 Ave. Score* 98% 0% 24% 1.2 3.4 3.4 3.2 

*Excludes reference; 1-low, 5-high. 

 

3.3.2 TREX I-25 Forensic Survey 

The on and off ramps at the interchange at Interstate 25 (I-25) and University Boulevard (Blvd) in 

Denver were chosen as the second forensic survey location for the study. The combined freeway 

construction and light-rail expansion project occurred from March 1998 to May 2001 (US DOT, 

2001). The former T-REX Transportation Expansion Project (previously known as the Southeast 

Corridor Project) area is a prime example of the revegetation challenges within an urban 

environment after major highway construction. 

 

The Forensic Survey Results 

Total percent canopy cover of the site ranged from 60 to 100 percent. The reference areas had 100 

percent canopy cover. Basal cover, live leaves lying on the soil surface, and base of the plants, 

ranged from 0 to 40 percent with an average basal cover of eight percent. From an erosion control 

and site stability context, the revegetation success at this construction site does not meet the 70 

percent-vegetative criteria at Transect 2 when compared to the reference site location.  
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Looking at revegetation from an ecological perspective, the Overall Health Index of the 

revegetation system achieved scores ranging from 1 to 3, with the reference area receiving a score 

of 3. The average Overall Health Index score of 2.5 for all seven transects indicates poorer than 

average health, indicating a high presence of noxious weeds, weedy species and lack of native 

plants (Table 3e).  

Table 3e. Summary Revegetation Scores for TREX Vegetation Transect Surveys  

Plot/ 

Transect 
Reference 

Plot (#4) 

Scores Grazing/ 

Herbivor

y 

Overall 

Health 

Native Plant 

Abundance 

Ecological 

Continuit

y Canopy 

cover 

Bare 

ground 

Basal 

cover 

1  90% 0% 0% 2 2 2 3 

2  60% 0% 0% 3 3 2 3 

3  70% 0% 0% 2 3 3 3 

4 Reference 100% 0% 0% 2 3 5 5 

5  90% 0% 0% 3 2 4 5 

6  100% 0% 40% 3 3 4 4 

7  90% 0% 10% 1 2 4 4 

 Ave. Score* 83% 0% 8% 2.3 2.5 3.2 3.7 

*Excludes reference; 1-low, 5-high. 

 

Native Plant Abundance Index scoring ranged from 2 to 5, with the reference area receiving a 

score of 5. The lowest scores were at Transect 1 and Transect 2 due to the low biodiversity, 

potentially caused by the severe mowing and chemical deicing in the area. The reference area (Plot 

4) was given a Native Plant Abundance Index score of 5. The average score of all five plots was 

3.7, indicating better than average ecological continuity. Thus the revegetation achieved a very 

good vegetative blending within the natural landscape.  

 

The percent of plants identified versus what were planted ranged from 0 to 50 percent. The 

reference area had three species identified along the transect that was in the project seed mix. The 

average plants identified compared to the seed mix was approximately 29 percent, including the 
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reference area. Therefore, 71 percent, of the plants identified along the transects were establish 

due to recruitment and soil seed bank and not from the original seed mix.  

 

The number of forbs and shrubs observed within the transects, excluding the reference transect, 

ranged between 0 to 33 percent of the total species observed. Only one out of 60 points was of the 

originally planted forbs and shrubs identified in the transect observations. This discrepancy 

between the seed mix and the established ROW conditions illustrates that forb and shrub 

establishment from seeds can be difficult. It also indicates that subsequent re-seeding of desirable 

seed forb species may be required in ROW areas. 

 

It was noted that nine of the 13 plant species within the seed mix were observed within the 

measured transects. Within the reference area only three seed species out of 13 were observed. The 

percentage of plant species in the seed mix that were identified through transect measurements 

ranged from seven to 53 percent. In the reference area only 20 percent of the seed mix species 

were growing along the transects. This difference between the species planted versus the plant 

species present indicates that the seed mix might not have been appropriate for the site. 

3.3.3 US-40 Forensic Survey (East Side of Berthoud Pass) 

The Environmental Assessment of Berthoud Pass construction project was completed in 1987 and 

the road construction was completed in 2004. Some of the key environmental study issues were 

water quality, erosion control and slope stability. A few innovative requirements on contractors 

were incorporated to enhance plant establishment such as field planting of native vegetation, trees 

selection based on alpine environment adaptation and a plant establishment incentives (US-40 

Berthoud Pass Booklet, 2003).  

The Forensic Survey Results 

Vegetative transects were performed to determine the percent-vegetative cover and to assist in 

evaluation of the seed mix used at the site. Qualitative scores were obtained for the general health 

and ecology of the revegetated area. Plot 5 was deliberately surveyed in two sections; 5-1 on the 

east side of a stream (without topsoil treatment), and 5-2 on the west side of a stream (4 inches of 

topsoil), to illustrate any differences in vegetation due to the application of topsoil versus no 

application of topsoil. This topsoil comparison was part of a qualitative experiment by CDOT and 

important in the forensic study’s hypothesis. 

 

Total percent canopy cover of the site ranged from 60 to 100 percent. The reference areas had 100 

percent canopy cover. Basal cover, live leaves lying on the soil surface, and base of the plants, 

ranged from 0 to 40 percent with an average basal cover of 17 percent. From an erosion control 

and site stabilization context, the revegetation success at this former construction site for Transect 

5-1 does not meet the 70 percent-vegetative criteria relative to the baseline condition. Based on 

personal communications with Michael Banovich (CDOT technical leader) this area did not have 

topsoil salvaged or placed while the area near Transect 5-2 had topsoil placement. Transect 5-2 

had 20 percent greater canopy cover and 20 percent less bare ground than Transect 5-1. This 

demonstrates the importance of topsoil use in accomplishing revegetation success. 
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Looking at revegetation from an ecological perspective the Overall Health Index of the 

revegetation achieved scores from 3 to 5, with the two reference areas receiving scores of 4 and 5. 

The lowest Overall Health Index score was observed in Transect 4 due to the presence of weedy 

non-native species. The average score of 3.8 (Table 3f) for all six plots indicates above average 

health, mainly because of the lack of noxious weeds, the presence of native plants, good 

recruitment of new species, as well as good growth of the species in the seed mix.  

 

The Native Plant Abundance Index scoring ranged from 3 to 5, with the reference areas receiving 

a score of 5. The lowest score was at Transect 1 and Transect 5-1 due to the low biodiversity. All 

vegetation seen in all plots appeared healthy and four of the six plots had an abundance of Plant 

Diversity Index beyond the seed mix species with ratings above 3, indicating that native plants had 

colonized the roadside corridor. The Ecological Continuity Index scores ranged from 3 to 5, again 

with the reference area receiving a score of 5. The non-topsoil portion of Transect 5, Transect 5-

1, received the lowest ecological continuity score of all transects measured.  

 

Comparing species identified during the transect sampling versus the seeds planted during the 

revegetation portion of the projects indicates a lack of seed mix continuity. Percent of plants 

identified versus what was planted ranged from 0 to 50 percent. The reference area had three 

species identified along the transect that was in the project seed mixes. The average plants 

identified compared to the seed mix was approximately 29 percent, including the reference area. 

Therefore, 71 percent of the plants identified on transects were established due to recruitment and 

soil seed bank versus the actual seed mix used.  

 

The number of forbs and shrubs observed within the transects, excluding the reference transect, 

ranged between 0 to 33 percent of those originally planted. This discrepancy between the seed mix 

and the established ROW conditions illustrates that forb and shrub establishment from seeds can 

be difficult. It also indicates that subsequent seeding of desirable forb species may be needed and 

local species may eventually establish and dominate the site. 
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Table 3f. Summary Revegetation Scores for Berthoud Pass 

Vegetation Transect Surveys 

Plot/

Trans

ect 

Reference 

Plot 
(#3-1 & 3-2) 

Scores 
Grazing/ 

Herbivory 

Overall 

Health 

Native Plant 

Abundance 

Ecological 

Continuity 
Canopy 

cover 

Bare 

ground 

Basal 

cover 

1  80% 20% 20% 1 4 3 4 

2  80% 10% 10% 2 4 4 5 

3-1 Reference 100% 0% 40% 3 5 5 5 

3-2 Reference 100% 0% 0% 4 4 5 5 

4  90% 10% 40% 3 3 3.5 4 

5-1  60% 20% 0% 4 4 3 3 

5-2  80% 0% 0% 4 4 4 5 

6  100% 0% 30% 3 4 5 5 

 Ave. Score* 82% 10% 17% 2.8 3.8 3.8 4.3 

*Excludes reference; 1-low, 5-high. 

 

Four of the 10 plant species within the seed mix were not observed within the measured transects. 

Within the reference area only three seed species out of ten were observed, which indicates that 

the seed mix used was not representative of the native plant community or was impacted by 

maintenance operations.  

3.3.4 Powers Boulevard Forensic Survey 

An area south east of the new ramp configuration of North Gate Blvd and I-25 in Colorado Springs, 

Colorado was chosen by CDOT as the fourth of five survey locations. The roadway construction 

was completed in 2013, making this vegetative survey the first since roadway construction 

completion. The Powers Blvd site was not fully constructed and just the road grade has been 

established with no paving or other activities conducted. At the time of the site visit, the project 

was still under the SCP. The plot sites were diverse in slope, aspect, and sunlight, but all were 
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within the revegetated area. The Powers Blvd site makes for an excellent reference site for the 

project area and for all the former project sites, since it has not been impacted by vehicles and 

maintenance activities. 

 

On August 8, 2014, five ROW surveys, and one off-ROW survey were used for native vegetation 

baseline reference within the south east interchange area of I-25 and North Gate Blvd just south of 

the Bass Pro Shop Development. One location (Plot 3), which was not impacted by construction 

activities, was found to be suitable for baseline conditions.  

The Forensic Survey Results 

Total percent canopy cover of the site ranged from 80 to 100 percent. The reference areas (Transect 

3) had 100 percent canopy cover. Basal cover, live leaves lying on the soil surface, and base of the 

plants, ranged from 10 to 50 percent with an average basal cover of 22 percent. From an erosion-

control compliance standpoint, the revegetation success at this construction site exceeded the 70 

percent-vegetative criteria at all transect location compared to the reference area. This 

demonstrates that under the right conditions successful revegetation can be completed within one 

year. This site had not received any mowing or herbicide applications based on the information 

received by CDOT. 

 

From an ecological perspective, the Overall Health Index of the revegetation project achieved 

scores from 4 to 5, with the reference area receiving a score of 4. Transect 1 received the highest 

score at the Powers Blvd Project. The average score of 4.2 (Table 3g) for all six plots indicated 

above average health, mainly because of the lack of noxious weeds, the presence of native plants, 

and good recruitment of new species, as well as good growth of the species in the seed mix.  

 

The Native Plant Abundance Index ranged from 3 to 5, with the reference area receiving a score 

of 5. The lowest score was at Transect 4 due to the low biodiversity. Native plant abundance in 

Plot 4 was slightly less than in Plot 5; these two plots were adjacent and different soil amendments 

between these two plots could account for the difference.  

 

The Ecological Continuity Index scores ranged from 4 to 5, with the reference area receiving a 

score of 5. These scores indicated both great revegetation successes for erosion control and site 

stabilization, with also natural and ecological success. 
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Table 3g. Summary Revegetation Scores for Powers Blvd Project 

Vegetation Transect Surveys 

Plot/

Trans

ect 

Reference 

Plot (#3) 

Scores 
Grazing/ 

Herbivory 

Overall 

Health 

Native Plant 

Abundance 

Ecological 

Continuity Canopy 

cover 

Bare 

ground 

Basal 

cover 

1  80% 10% 30% 2 5 4 4 

2  90% 0% 20% 1 4 5 4 

3 Reference 100% 0% 50% 2 4 5 5 

4  90% 0% 30% 1 4 3 4 

5  80% 10% 10% 2 4 4 4 

6  90% 0% 20% 2 4 4 4 

 Ave. Score* 86% 4% 22% 1.6 4.2 4 4 

*Excludes reference; 1-low, 5-high 

 

Comparing species identified during the transect sampling versus the seeds planted during the 

revegetation portion of the projects indicated a lack of seed mix integration with the natural 

environment. It was noted that only two of the 12 plant species within the seed mix were not 

observed within the measured transects. Within the reference area only two seed species out of 12 

were observed. Percent of plants identified along the transects versus what were planted ranged 

from 27 to 45 percent. The average percent of plants identified compared to the seed mix applied 

was approximately 36 percent. Therefore, 64 percent of the plants identified along the transects 

were established due to recruitment and original soil seed bank and not from the actual seed mix. 

This indicates that the seed mix used did not represent the native plant community or was impacted 

by CDOT maintenance Operations.  

 

Four of the 10 plant species within the seed mix were not observed within the measured transects. 

Within the reference area only three seed species out of ten were observed, which indicates that 

the seed mix used may not have been representative of the native plant community or was impacted 

by maintenance operations.  
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3.3.5 US-50 Forensic Survey (Grand Junction) 

The 3.5 mile section of US-50 between state highway 141A, east of Grand Junction, and state 

highway 141, (Unaweep/Tabeguache Byway), was chosen as the fifth forensic vegetation survey 

location in Colorado. Construction was completed in July, 1999. This site illustrates the challenge 

of roadside revegetation after major highway construction in the high Western Plateau, semi-desert 

environment.  

The Forensic Survey Results 

Vegetative transects were performed to determine the percent-vegetative cover and to assist in 

evaluation of the seed mix used at the site. In addition, qualitative scores were obtained for the 

general health and ecology of project area. Total percent cover of the site transects ranged from 40 

to 100 percent. Bare ground ranged from 0 to 50 percent. Basal cover, live leaves lying on the soil 

surface, and base of the plants, ranged from 0 to 40 percent with an average basal cover of 14 

percent. The survey sites within the study area were drastically different, which is demonstrated 

from the high variability between site indices scores. The single reference site identified at the US-

50 project area likely does not represent the multiple ecozones within the construction area; 

therefore a representative baseline could not be well established, with only one reference area.  

 

Looking at revegetation from an ecological perspective (Table 3h) the Overall Health Index of the 

revegetation achieved scores from 1.5 to 3, with the reference area receiving a score of 3. The 

lowest Overall Health Index score was observed in Transect 3.  

 

The Native Plant Abundance Index score was based on the presence of native species and the site’s 

species diversity. Reference Plot 6 was given a score of 5, and the average score for the six roadside 

plots surveyed was 2, which was below average, thus indicating poor recruitment of native plant 

species.  

 

The Ecological Continuity Index scores ranged from 2 to 5, again with the reference area receiving 

a score of 5. The average score of all five plots was 1.8, indicating poor ecological continuity. The 

most logical explanation for this low score is that the native landscape is plateau grassland 

integrating into shrublands, in which shrubs can take many years to establish.  
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Table 3h. Summary Revegetation Scores for US-50 Vegetation Transect Surveys 

Plot/ 

Transects 
Reference 

Plot (#6) 

Scores Grazing/ 

Herbivor

y 

Overall 

Health 

Native Plant 

Abundance 

Ecological 

Continuit

y Canopy 

cover 

Bare 

ground 

Basal 

cover 

1  100% 0% 0% 3 2.5 3 3 

2  100% 0% 40% 3 2 3 2 

3  90% 10% 20% 2 1.5 1 1 

4  80% 20% 10% 1 2 2 1 

5  40% 50% 0% 2 2 1 2 

6 Reference 70% 20% 30% 4 3 5 5 

 Ave. Score* 82% 16% 14% 2.2 2 2 1.8 

*Excludes reference; 1-low, 5-high 

 

Comparing species identified during the transect sampling versus the seeds planted during the 

revegetation portion of the projects indicates a lack of the seed mix representing the native species 

in this arid ecozone. Percent of plants identified versus what was planted ranged from 0 to 40 

percent. The reference area evaluated did not have any of the seed mix species used on the project. 

The average plants identified compared to the seed mix was approximately 20 percent. Therefore, 

80 percent of the plants identified along the transects were established due to recruitment and soil 

seed bank and not from the actual seed mix.  

 

Fifteen years after seeding this stretch of highway, it would be expected that more of the seed mix 

species would have been established along the ROW. This discrepancy between the seed mix and 

the established ROW vegetative condition is likely due to mowing and/or herbicide spraying. Even 

though the compost requirements in the SWMP appeared correct, little if any evidence of compost 

application was observed through soils evaluations. In one instance some compost application was 

evident in a two foot radius, however outside this radius no evidence of compost application could 

be observed. This lack of compost application could have severely hindered revegetation success 

on these marginal soils. 

 

There was the lack of seed mix species observed in the reference plot, indicating that closer 

evaluation of the native species is required to develop an appropriate seed mix. None of the existing 



 

48 

site’s grasses were part of the seed mix for this project. Using undisturbed reference areas to help 

develop seed mixes would potentially have increased the revegetation success. 

3.3.6 Forensic Survey Overview 

An examination of the index scores of the point-line transect surveys relative to the reference 

transects at all five sites were evaluated. The site that rated the highest compared to their reference 

sites was the Powers Blvd Project site. This site was the most recently revegetated site, but also no 

mowing or herbicide treatments were conducted on this site. The poorest overall site compared to 

their reference site was US-50. The US-50 site had the poorest soils, dried climate and poorest 

revegetation success. During the soils review very little if any compost or soil amendments could 

be identified on US-50. After the US-50 site, the TREX site had the lowest native plant abundance 

and ecological continuity. These low scores compared to their reference sites are likely due to the 

intense roadway maintenance activities such as herbicide applications, low cut mowing, and 

deicing agents used in this area. In addition, seed mixes were not designed based on native plants 

present at the former construction sites and lack of proper soil amendments (i.e. compost and 

topsoil) applications could have negatively impacted reclamation success.   

Site specific ecozone revegetation approaches need to be evaluated and used to select seed mixes 

and establish revegetation strategies especially in the most severe environments (west slope and 

high elevation) within Colorado like the US-50 forensic survey area. 

 

Urban environment revegetation is difficult due to intense maintenance activities such as mowing, 

deicing chemical and herbicide applications. In these areas, more introduced species that may 

withstand intensive maintenance operations, as oppose to native species may be required. Weed 

pressure also appears to be greater in these areas and should be considered when developing 

appropriate seed mixes. 

 

The ground cover, such as the introduced alsike clover, requires some consistent moisture and is 

less tolerant of drought than the grasses which were included in the seed mix (USDA Plants 

Website). This clover should not be included in a seed mix in Colorado because it is an introduced 

specie and lacks drought resistance. One recommendation for future revegetation would be to 

include a native drought-resistant ground cover that has been observed in the vicinity, such as 

Eriogonum umbellatum, sulfur-flower buckwheat, and seed it after roadside grasses have been 

established and weeds have been eradicated by spraying.  

 

The use of a diverse native seed mix with appropriate ground covers will improve the ecology of 

the sites and make the revegetated areas more attractive to pollinators. Beneficial pollinators can 

further improve the ecosystem by increase the total diversity of the system and natural increasing 

the recruitment and establishment of important native species. Using species like Sulfur-Flower 

Buckwheat attracts a wide variety of bees and other native pollinators.  
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3.4 Revegetation Survey of CDOT Construction Project Engineers 

A revegetation survey of CDOT construction project engineers was developed and distributed to 

160 CDOT engineers by the CDOT Research team via Google Forms. The purpose of the survey 

was to test the hypothesis that the majority of CDOT construction and design engineering 

representatives have gaps in the basic technical and CDOT process knowledge needed to 

successfully manage revegetation activities. The survey was sent to a broad population of 

construction and design engineers to obtain unbiased sampling of the CDOT engineering 

population (Appendix H). All responses were anonymous to encourage honest engagement. The 

questions focused on several themes of CDOT practices. These themes can be summarized as:  

 Oversight of reclamation  

 Revegetation success 

 Communication between CDOT employees and contractors 

 Project responsibility 

Below is a summary of the responses based on the four themes listed above.  

 

In regards to revegetation-field oversight, nine questions (1 - 9) were related to what efforts are 

made to achieve revegetation success. Practices such as reviewing plans, confirmation of site 

preparations, and level of detail required in plans were presented in the questions. Suggestions 

were solicited for improvement of the revegetation success. Oversight is critically important in 

ensuring that the contractors are executing the revegetation actions via CDOT specifications. In 

the survey, consistently 30 to 40 percent of the engineering respondents indicated that little 

contractor oversight is performed or that plans are changed in the field with little oversight or 

knowledge from CDOT. 

 

The lack of appropriate contractor oversight is highlighted in three questions (2, 3 and 9). Question 

2 asked the respondents to prioritize inspecting contractor performance; 27 percent of the 

respondents rated this task as moderate or low. When asked how they confirmed the revegetation 

process (Question 3) 49 percent responded that they rarely visually inspect the process in the field. 

When asked if a CDOT expert should assist in a monthly review of revegetation conditions, 51 

percent of the respondents said no. Due to the percentages being spread amongst the multiple 

answers for the questions posed in this theme, it is evident that CDOT employees have varying 

views on who is responsible for revegetation oversight and the correct amount of contractor 

oversight. This is the case in many of the other survey questions, which shows that there is no clear 

directive for contractor oversight of the revegetation process.  

Revegetation success concepts were discussed in three questions (10 - 12). The main theme of 

these questions was the perceived reasons for revegetation success and thoughts for improving 

reclamation success. Based on the responses to these questions, it is evident that highly qualified 

and good contractors are key to gaining revegetation success. Fifty-one percent of the respondents 

indicated that successful revegetation projects are due to the contractor. When revegetation failed 

the highest percentage of respondents believe it is due to contractors. These two questions 

definitely indicate that the competency of the revegetation contractor is a key component of any 

successful revegetation project. 
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In regards to communication, three questions (13 - 15) were asked that address the level and 

frequency of communication between CDOT representatives and contractors. Communication 

regarding frequency and timing of contact with the contractors were incorporated into the 

questions. It was asked if the contractor expectations were discussed early in the project. Based on 

the results, it is apparent that communication is either lacking, ill timed, or directed to the wrong 

person or group during the revegetation process. For example, for question 13, 65 percent of the 

people rarely or only sometimes contact the prime contractor when revegetation success is not 

achieved. Communication between CDOT and the revegetation contractors is severely lacking 

which likely leads to poor revegetation due to a lack of project revegetation goals, objectives and 

expectation understanding. 

 

In regards to project responsibility, seven questions (16 - 22) were asked to address assumptions 

about who is responsible for certain revegetation aspects of a project. Responsibility of the CDOT 

landscape architect and Environmental Specialist was discussed. It was also asked whose 

responsibility it is to handle monitoring of revegetation progression as well as post-construction 

vegetation cover analysis. Coordination among CDOT departments was also discussed. Again, 

similar to contractor oversight responses, the lack of a majority percentage on many of the 

questions indicates that there are varying opinions or understandings about which person is 

responsible for certain aspects of the revegetation process. Question 17 provides an example on 

the varying thoughts on responsibility of monitoring vegetation success. Four out of the six 

possible answers on question 17, received greater than 30 percent of the responses. There is a lack 

of clarity on who is responsible for monitoring revegetation success for CDOT. 

 

There were other survey responses that would potentially affect the success of revegetation 

practices: 

 Twenty-one percent of respondents identified that the RPEM is the first person to consult 

if there are proposed revegetation changes in the field; 16 percent recognize the use of the 

landscape architect. 

 In confirming the implementation of soil preparation and seeding, 82 percent indicate they 

do visual field confirmations before and not during these activities.  

 For identifying who is responsible for monitoring revegetation success 18 percent chose 

the RWPCM, 14 percent chose the maintenance representative and 17 percent selected the 

TECS; whereas 8 percent chose the landscape architect. This shows a wide range of 

understanding for who is monitoring revegetation success. 

 Respondents stated that only 4 percent of the contractors have a high level of understanding 

of CDOT revegetation specifications. 

 Twelve percent of the respondents coordinate with CDOT maintenance to prevent 

herbicide applications on areas undergoing revegetation.  

 A large percentage of respondents (42 percent) felt that a more detailed revegetation plan 

within the SWMP would be helpful in project revegetation. 

 Thirty-three percent of the respondents felt that support from landscape architects would 

be helpful to assist in soil preparation and seeding. 

Each survey question developed by CDOT identifies a practice that is significantly undefined in 

achieving success of a revegetation project. The vast array of survey responses identifies 
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inconsistency in practices and understanding among CDOT engineers as it relates to the CDOT 

revegetation process. This survey indicates that the revegetation oversight, communication, and 

responsibility structure within CDOT is not well known or established. By not knowing who is 

responsible for the varying parts of revegetation, this condition is likely negatively impacting 

revegetation success and adding additional environmental liability and cost to CDOT. It is 

important for CDOT to train their employees and contractors regarding the roles and 

responsibilities of individuals during the revegetation process so that proper oversight, 

communication and authority can be performed. It is believed that if improvements are made in 

these areas, significant cost savings and improved revegetation success can be obtained. 

3.5 Revegetation Cost Analysis 

A cost analysis was performed on CDOT projects to assess the estimated costs incurred by CDOT 

maintenance for SCP compliance management. The purpose of this cost analysis was to test the 

hypothesis that CDOT Engineering and Maintenance management have underestimated the cost 

and level of effort for project revegetation and resulting rework. Three types of cost analysis were 

conceptualized. The first was a best-case versus worst-case revegetation scenario that compared 

TREX (assumed best case site) to I-25 between Lincoln and Lone Tree (worst case site). The 

second cost analysis study involved the calculation of monthly mean and range of financial costs 

incurred by CDOT maintenance for SCP compliance management for nine projects. The second 

cost analysis was based on the time from SCP compliance management acceptance by CDOT 

maintenance to SCP deactivation. The third cost analysis centers on CDOT maintenance costs for 

erosion control and revegetation re-work for 12 projects located in CDOT Region 1.  

3.5.1 Best Case-Worst Case Revegetation Scenario 

The first cost analysis was a best-case versus worst-case revegetation site scenario that compared 

I-25 TREX (assumed best case) to I-25 between Lincoln and Lone Tree (worst case). These project 

were selected due to similar revegetation challenges in an urban setting with high traffic volumes 

and intensive operation and maintenance practices along I-25. This financial analysis could not be 

performed due to the lack of accurate cost and level of effort data inputted into the SAP system. 

Table 3i provides a summary of the data collected for both I-25 sites for a five year period (July 

01, 2009 through July 01, 2014). 
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Table 3i. Stormwater Compliance Cost Comparison  

(TREX versus I-25 Near Lincoln) 

Project Activity Code Activity Name Total Cost Hours 

TREX (MP 204-206) 223 EnviroTempBMPs $3,357.32 68 

224 EnviroPermanentBMPs $5,502.21 134.5 

225 Enviro 30-day 

Inspection 

No data No data 

I-25 (MP 181.5-193) 223 EnviroTempBMPs $0.00 0.00 

224 EnviroPermanentBMPs $717.13 20 

225 Enviro 30-day 

Inspection 

No data No data 

 

Over a five year period there was no environmental 30-day inspection time (labeled as “Enviro 

30-dayInspection” in table) logged into the database system for either project area. The I-25 

Lincoln to Lone Tree section is still under a SCP and no inspections have been performed 

according to this database (Activity Code 225).  

3.5.2 Maintenance Costs for SCP Compliance 

The second cost analysis involved a cost assessment for nine former construction projects where 

SCPs were recently deactivated. The purpose was to calculate the monthly means and ranges of 

financial costs incurred by CDOT maintenance for SCP compliance management. Activity Type 

Codes 223, 224 and 225 were evaluated from August 1, 2010 to September 22, 2014. The projects 

that were selected (with mile post designations) and the associated Activity Type Code costs were 

as follows: 

 I-25 (MP 0-7.5) 

o No data for 223, 224 and 225 

 US 24 (MP 291-298) 

o 223- drainage/culvert cleaning; $1,882.98 

o No data for 224 and 225 

 US 24 and Ellicott Highway 

o No data for 223, 224 and 225 

 US-50 (MP 270-278) 

o No data for 223, 224 and 225 

 SH 266 to SH 71 

o No data for 223, 224 and 225 

 SH 14 (MP 71.2-72.1) 

o 224- Hydroseed; $6,544.25 

o No data for 223 and 225 

 SH 185b (MP 8.7-26.4) 

o 223 - BMP and hot plant yard clean up; $2,299.84 

o No data for 224 and 225 
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 US 491 (MP 27-37) 

o 223- Pick up erosion logs; $199.62 

o 223- Pick up BMPs; $226.26 

o 223- Pick up temp. BMPs; $221.71 

o 223- Pick up temp. BMPs; $581.51 

o 223- Remove silt fence; $328.97 

o No data for 224 and 225 

 SH 491 (MP 51.1 -69.6) 

o No data for 223, 224 and 225. 

There was no Activity Type Code 225 for 30-day environmental inspections for any of the above 

projects. The use of Activity Codes 223 and 224 appear to be inconsistent and probably inaccurate 

for projects having four years durations. No meaningful analysis could be performed with the 

quality of this database. Perhaps another database contains the actual maintenance hours and costs 

for environmental inspections. Although the sites are deactivated, it should be verified that 

environmental monitoring records exist that are complaint to SCP requirements. 

3.5.3 Region 1 Revegetation Rework 

CDOT Region 1 compiled cost information on 12 selected projects with both open and deactivate 

SCPs (Mulqueen, 2014). Financial costs needed to correct erosion control and revegetation 

problems was compiled for evaluation. These financial costs to correct deficiencies came out of 

non-project funds; and therefore assumed to be financed by the CDOT maintenance budget. Table 

3j provides the project name, permit status, costs and scope of the deficiencies. The data also 

identifies the duration of time needed for SCP deactivation 

 

The total CDOT Region 1 Maintenance costs associate with correcting erosion control and 

revegetation deficiencies was $622,500 as of October 27, 2014. These non-project funded 

activities included re-grading, re-seeding, removal of BMPs, rip rap rundown installation, and 

reinstalling erosion-control blankets. At the time of this report development, there are still projects 

with open SCP and increased costs are expected. It has been estimated that the Kit Carson Bridge 

Project may ultimately cost CDOT up to $1,300,000 (Banovich, 2014). 
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Table 3j. Non-Project Costs for Erosion Control and Revegetation Deficiencies 

Project Project 

Acceptance 

Date  

SCP Effective 

Date 

SCP 

Deactivation 

Date 

Duration 

(years)  

Costs to 

Correct 

Deficiencies 
Hogback Park 

and Ride 

2010 2006 2013 3 $212,000 

Arapahoe Road 

and Parker 

2014 2010 2014 0 `$71,000 

I-24 and 

Arapahoe  

2012 2009 2013 1 $26,000 

SH 224 and I-76 2011 2009 2014 3 $40,000 

C 470 Median 

Cable 

2013 2010 Open  $130,000 

C 470 Bike Path 2011 2009 Open  $31,000 

C 470 and Santa 

Fe Flyover 

 2010 Open  $10,000 

Kit Carson 

Bridge 

 2007 Open  $90,000 

Bridge 

Replacement 

US 36 and 80th 

Avenue 

2012 2010 Open  $7,500 

I-25 and 84th 

Bridge 

Replacement 

2014 2010 Open  $5,000 

Comanche 

Bridge  

2013 2011 Open  $5,000 

SH 119 Main 

Street 

 2010 Open  $35,000 

Total     $662,500 

*Duration (years) = Deactivation-Acceptance 

 

3.5.4 Economic Benefits of Completing Reclamation Successfully the First Time 

It has been demonstrated in the literature that it is cost effective to perform site revegetation 

(reclamation) correctly the first time as oppose to revegetating after failure. TerraLogic’s team 

member David Chenoweth (Western States Reclamation) co-authored a paper entitled “The 

Economic Benefits of Completing Reclamation Successfully The First Time for Oil and Gas Sites” 

(Appendix J) for the International Erosion Control Association (February 18, 2010). It was 

determined that for oil and gas well sites, over 50 percent cost increases over initial revegetation 

costs can result for sites that failed to establish vegetation correctly. This cost does not account for 

additional environmental management, consultant costs, and potential stormwater fines 

(Chenoweth, Jacobs, Kruckenberg, Rissa, Whiteley, 2010). Similar costs savings could be realized 

by CDOT by instituting correct revegetation practices into the project the first time. 

 

It was determined that, for oil and gas facilities, the most common revegetation failures are 

associated with three factors; the lack of available, quality of topsoil; the lack of implementation 

of stormwater BMPs; the lack of clear upfront revegetation design; and follow up performance 
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supervision. These revegetation failure factors are the very same factors identified in the 

construction revegetation QC assessment (Section 3.0). The technical paper identified the 

following critical factors for successful revegetation: 

 Initial planning and site surveys 

 Topsoil placement and re-grading 

 Seed mixture design 

 Seeding methods 

 Mulch and erosion-control fabrics 

 Stormwater BMPs  

 Proper maintenance and monitoring 

Many of these critical factors have been discussed in this Results and Discussion Section and 

identified in the following Conclusions and Recommendations (Section 4.0).  

4.0 CONCLUSIONS AND RECOMMENDATIONS 

The conclusions and recommendations detailed in this section are based on actual field 

observations and measurements, cost analysis, a CDOT employee survey, and cost evaluations to 

improve the CDOT revegetation process. An ineffective revegetation process can have a profound 

impact on CDOT environmental and regulatory risk and liability and result in efficient spending 

of finite monetary resources.  This project focused on the effectiveness and challenges facing the 

CDOT revegetation process.  

 

One of the main challenges facing CDOT in order to reduce revegetation costs and SCP duration 

is based on the current CDOT system of post-construction responsibilities and process. There is a 

condition of competing interests associated with revegetation. Project Engineers and contractors 

are in a hurry to finish the project and move onto the next project. This conclusion is based on 

conversations with RWPCM, CDOT landscape architects, TECS and other CDOT personnel 

interviewed for this project. It appears that revegetation is one of the last considerations of many 

projects, and that the vegetative success factors can easily be overlooked or ignored. This condition 

has the high potential of impacting CDOT maintenance financial resources toward the end of the 

construction project and into the post-construction phase. CDOT maintenance is left with a 

potentially high environmental and regulatory compliance risk due to potential soil erosion 

discharges from poor contractor revegetation performance.  

 

A high level CDOT management discussion about changing the mindset of closing out 

construction projects as soon as possible and better defining long-term revegetation responsibilities 

could be considered. The overall CDOT cost of performing revegetation correctly the first time 

during construction as opposed to leaving CDOT maintenance to perform revegetation rework 

needs to be considered under a life-cycle cost perspective. Contractors need to be made more 

responsible for successful revegetation implementation and establishment. CDOT should consider 

other post-construction contract mechanisms with qualified landscape contractors to manage 

revegetation, SCP responsibilities and long-term site stabilization.  
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CDOT has established specific specifications for revegetation and landscaping during roadway 

construction. The most common challenge facing projects to achieve revegetation success is the 

lack of contractor oversight and direction. It has been shown in this research study that CDOT 

revegetation specifications and RFP requirements are being ignored or only partially followed by 

contractors. There appears to be a lack of qualified CDOT representatives to provide oversight of 

contractors during critical revegetation stages such as seed management, soil preparation and 

seeding. This observation was common to most the construction sites visited, and was mentioned 

as a common problem by other DOT’s landscape professionals.  

 

There is a CDOT revegetation process that if followed will result in improved revegetation success 

with the potential for reduced SCP duration and CDOT maintenance rework costs. There is no 

formal QC for the revegetation process, and there is a lack of onsite verification and oversight due 

to limited CDOT resources. Many of the following conclusion and recommendations are directly 

and indirectly associated with this QC challenge. 

4.1 Topsoil and Subsoil Management 

Soil compaction that inhibits root growth and is not in conformance to CDOT specification 212.06 

for soil preparation was noted at four out of five active construction projects. Excessive soil 

compaction occurs in areas with routine construction traffic, heavy equipment usage, or non-tilled 

soils. The potential for successful revegetation is hampered by not adequately preparing the soil, 

such as soil tilling to at least 4 inches, prior to seeding as required by CDOT. High soil compaction 

can also lead to greater surface erosion due to limited storm water infiltration and decreased plant 

growth.  

 Recommendation: Compaction is a major problem and specifications need to be enforced 

in the field by trained CDOT personnel. Compacted areas should be tilled prior to topsoil 

placement and seed bed preparation. It is recommended that the entire ROW be deep ripped 

using an agricultural type deep ripper. The shanks on the back of a grader or dozer should 

be used to remove soil compaction. Soil compaction relief should be performed to a 

minimum depth of 16 inches with a preferred depth of 24 inches. In some instances, ripping 

the soil surface only once is not adequate and contractors often bid to do it just once. 

Depending on equipment used, this soil preparation could be accomplished in a single pass 

or could take multiple passes. It is recommended that a CDOT landscape architect or 

trained representative observe the soil ripping and tilling operations. Improved 

revegetation success and erosion control should result from this action.  

Topsoil needs to be treated as a critical on site resource for successful revegetation. Topsoil salvage 

methods with minimal soil importation showed improved revegetation success in this study 

(Berthoud Pass, US-285 and Powers Blvd). At the majority of active construction sites topsoil 

stockpiles were not properly developed, managed, utilized and monitored. Due to improper topsoil 

salvaging techniques it has been necessary for some projects to rely on non-topsoil material or 

imported soils to promote native plant growth. At one construction site, the integrity of the topsoil 

stockpiles had been compromised with the introduction of construction debris and imported soil.  
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 Recommendation: Salvage suitable soil material at a depth based on an actual soil profile 

depth specific to the project areas. A trained revegetation professional should perform the 

soil profile survey and determine appropriate topsoil salvage depths prior to establishing 

grading plans. Generally it is recommended that at least 6 inches of material be salvaged 

when practical. Additional salvaged material up to 12 inches should be considered based 

on soil profile information.  It is critical to monitor projects during soil removal to ensure 

topsoil is properly conserved and stockpiled (AASHTO, 2011). Field observation protocols 

for topsoil stockpiles and/or topsoil berms should be developed and implemented to 

promote topsoil integrity. Topsoil salvage material should not be used for stormwater 

BMPs or other process that could lead to degradation of soil quality. Signage should be 

used to denote topsoil salvaged material to prevent the introduction of road debris, waste 

materials and imported soil into the topsoil. Existing CDOT specifications for topsoil 

salvaging should be enforced upon contractors.  

Lack of soil organic matter is negatively affecting soil quality and revegetation success. The soil 

observation, sampling and analysis of the five active construction sites revealed that four sites had 

no evidence of compost application, although all of the areas had compost requirements. Many 

times this removal of compost from the project plan was performed without adequate chemical 

data to support the decision and was performed without notifying the project engineer. Forensic 

survey sites that previously used compost were shown to experience successful revegetation results 

(Powers Blvd and Berthoud Pass). Organic matter is responsible for many aspects of good 

vegetative establishment and growth. These aspects include increased soil water retention, 

increased soil aggregation, increased infiltration, increased macro and micronutrient supply, 

increased nutrient retention, and decreased compaction.  

 Recommendation: In general, greater rates of compost should be added to the revegetated 

areas to offset the organic matter losses due to mineralization. Compost should be applied 

and incorporated during the placement of the topsoil material back onto the soil surface. 

Compost application on the disturbed areas should be highly monitored since it is one of 

the most important items identified to reach maximum revegetation success. The correct 

application and rate of compost will improve revegetation success especially on sites with 

poor or limited topsoil conditions. The amount of compost added should be based on initial 

soil testing results before construction is initiated. 

Based on soil test results, additional fertilizer application was not likely required on most of the 

construction sites visited. Fertilizer applications should be considered if the site is characterized 

by extremely sandy or gravelly soils. Addition of excess fertilizer can promote weedy species and 

potentially cause environmental degradation if the applied fertilizer is allowed to reach surface 

water or groundwater. Additional project costs can be encountered if excess fertilizer is applied to 

the soil. No active projects sites perform soil sampling and testing to determine baseline nutrient 

conditions and the need for additional augmentation. 
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 Recommendation: Soil samples should be collected and tested at the planning or design 

stage to determine if fertilizer needs to be applied and at what amounts. Inorganic nitrogen 

concentrations in excess of 15 mg/kg should be managed using carbon additions to 

decrease potential negative effects of mineralized nitrogen. Adequate carbon should be 

added to the systems to reduce the total inorganic nitrogen concentration to less than 15 

mg/kg (Mortvedt, et al 1996).  

Imported soil at construction sites used for revegetation purposes is mostly of unknown quality 

and origin. Imported soils are untested for soil quality to promote successful revegetation and may 

contain noxious and invasive weeds that were not present prior to construction. Soil importation 

of low quality soil without testing was performed on one active construction site; however, it is a 

common practice at many CDOT construction projects. 

 Recommendation: Soil importation should only be conducted as a last resort when less 

than 4 inches of suitable top soil material is identified through field verified soil 

descriptions and testing by a CDOT landscape architect or soil scientist. Laboratory testing 

for noxious weeds, nutrients and organic matter should be conducted on the imported soil 

material and native topsoil prior to project area transport. Imported soil material should be 

of equal or better physical and chemical quality than the native material for revegetation 

purposes. All imported topsoil for revegetation should be approved by the CDOT landscape 

architect. 

 

If importation of soil is deemed necessary, the soil storage area should be strategically 

located and an IWMP should be prepared and implemented. The IWMP should identify 

potential weeds (both common, noxious and invasive) that may need to be managed and 

eradicated. The IWMP, which should be a component of a landscape design plan, should 

clearly state how weeds will be managed using integrated weeds management BMPs. The 

contractor and/or CDOT maintenance should be responsible for implementing, updating 

and maintaining the IWMP until the SWMP is deactivated. 

4.2 Seed Section and Establishment  

Native plant establishment in the initial year of revegetation is important to control noxious weeds 

and begin to stabilize soils. The initial plant establishment should be performed with both a short 

and long-term stabilization and maintenance strategy. Seed mixes at the visited active construction 

sites and at the forensic survey sites did not use a mixture of grasses for short and long term 

establishment. 
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 Recommendation: Seed mixes should be developed with predefined short-term and long-

term revegetation goals. Native species such as slender wheatgrass and prairie junegrass 

should be used in CDOTs seed mixes. These grasses are quick to establish and can create 

productive cover in the initial years of establishment. The additional benefit of these 

grasses is that they are not long lasting plants and will give way to native species that are 

slower to establish such as green needlegrass. This method of seed mix design will increase 

overall revegetation success and decrease weedy species infestation by providing 

appropriate cover throughout the revegetation process. By decreasing weedy species 

management, CDOT can reduce herbicide treatment and the associated time and cost to 

reach revegetation success. 

Current seed mixes and basic SWMP landscape plans used by all the visited construction and 

forensic projects appear to be based on regional vegetation zones or ecosystem communities. This 

practice is too broad to determine the appropriate site-specific seed mixes. Seed mixture success 

was marginal to poor at many forensic locations where a small percentage of seed species were 

present as plants. In addition, most forensic sites’ seed mixes did not contain the same native 

species found in the undisturbed reference sites; therefore site specific native species were not 

considered in the seed mixture that could increase revegetation success 

 Recommendation: Performing a baseline species inventory to determine the existing site 

specific vegetation communities at a future project site is desirable (Steinfield and Riley, 

2007). The existing plant communities are already adapted to local site conditions and have 

a greater likelihood of survival following construction activities. A project reference site 

needs to be selected by a qualified botanist, range scientist or landscape architect to 

determine which plant species are best adapted for the site revegetation (Armstrong, 2007). 

Review of pre-existing vegetation and incorporation into the approved seed mixture will 

augment the topsoil’s native plant seed bank and improve overall revegetation success. 

This species inventory could be done during the NEPA project clearance period so 

appropriate seed mix information can be incorporated in the Project RFP. Seed selection 

needs to consider the soil salinity conditions in light of CDOT deicing applications. 

Improved cost savings on projects should be realized when the correct seed mixture is used 

for revegetation. 

A review of all project seed mixtures indicated that most of the project did not use the drill seed 

rate to an average of 50 to 60 seeds (PLS) per square foot, which is an accepted BLM standard in 

the western United States (Bureau Land Management, 2011). Existing seeding rates on visited 

active construction sites and forensic survey locations are too high for projects that results in 

wasting seed and budget while decreasing potential revegetation success (Harper-Lore, 2014). 

More seeds does not equate to revegetation success since a limited quantity of resources (water, 

nutrient and sunlight) are available for growth. An overabundance of seeds per square foot can 

lead to intense competition for water and nutrients that may not be available in the soil. This could 

negatively affect vegetation diversity or lead to eventual die off of the vegetation community. 
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 Recommendation: The application rates of PLS for revegetation projects needs to be 

revisited by CDOT. CDOT should evaluate the rates of PLS application based on the 

ecozone and native plant densities of the pre-construction area. It is also recommended that 

CDOT review seeding rates in the future to address potential climate change variables 

similar to the State of Wyoming DOT. Landscape architects should anticipate climate 

change impacts to future and existing revegetation areas. Seed mixes and rates should be 

reviewed and approved by a landscape architect with consideration to warm versus cool 

season grasses, sod forming versus bunch grasses, and preexisting plant communities. 

Based on predictive models increases in carbon dioxide concentrations and temperature 

may facility the movement to warmer season plant versus cool season plant species 

(Morgan et al. 2009).  

There is inconsistency in seeding applications within the seasonal seeding windows specified in 

CDOT specification 212.03. Four out of five visited active construction were not in compliance 

with this specification. The long term success of plant germination and sustained growth is based 

on seeding within these windows. Seeding outside of approved seeding windows can increase the 

amount of time required for revegetation success thus increasing the potential for revegetation 

rework. 

 Recommendation: Contractors should not be allowed by the project engineer to seed 

outside the CDOT specification seeding windows unless approved by a CDOT landscape 

architect. Forcing contractors to coordinate with the CDOT landscape architect for a site-

monitoring visit just prior to seeding and the development of landscape design plan will 

help eliminate this common noncompliance condition.  

Seed germination could be problematic due to poor handling of seed by the contractors. Based on 

the forensic studies, little bluestem had very poor establishment rates; however, the seed 

germination testing shows that little bluestem’s germination rates had huge viability. There was 

high variability observed from seed germination testing when compared to seed tag information. 

It is possible that poor handling and management of the seed could be leading to poor revegetation 

success especially for sensitive seeds like little bluestem. Improving seed handling could increase 

revegetation success by increasing the number of viable seeds being placed in the soil. 
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 Recommendation: Ensure proper seed handling techniques by contractors according to 

specifications. All contractors should have to verify that seed is maintained under 

appropriate conditions. Conduct periodic seed viability testing especially at the beginning 

of revegetation actions. Any seed that has an individual species germination percentage 

less than 15 percent of the seed tag’s guaranteed germination percentage should be 

considered out of specification. When a seed viability sample is considered out of 

specification all prior seeding is suspect and should potentially redone. Seed tag 

documentation provided to CDOT from contractors must have date of seeding performed 

and area where the seed was installed, in addition to any state law requirements. Any seed 

tag documentation missing the date of seeding should be considered out of date and out of 

specification for seed germination. Areas where seed germination testing is greater than 

365 days should be considered as non-viable and retested and areas should be reseeded 

with proven viable seed. 

All active construction projects visited were not documenting drill seeding equipment calibrations 

and ensuring proper operation. Drill seeding equipment needs to be calibrated and checked 

routinely to ensure proper seed placement and application in the field. Drill seeding is one of the 

most important actions within the revegetation process. Drill seeding depth and placement is 

critical to ensure intimate contact between seed and soil material. The calibration ensures that the 

CDOT specified seed application (PLS per acre) is being applied correctly on the amended soil. 

Drill seeder problems were noted on the only active construction site undergoing revegetation 

activities. 

 Recommendation: Drill seeding depth and calibration actions should be documented and 

verified by a CDOT landscape architect or other qualified CDOT employee before seeding 

actions are initiated by the contractor. Site visits by the CDOT landscape architect or 

qualified representative should observe and verify calibrations and proper operation of the 

equipment. Equipment seeding depths and calibrations should be documented by the 

landscape contractor. This recommendation will improve seed placement and promote 

better soil to seed contact at the correct depth. 

De-icing agent applications, especially in Colorado urban environments, can increase soil salinity 

concentrations; and therefore decrease revegetation success, especially if non-salt tolerant plant 

species are used for revegetation. Poor revegetation results were recorded at the TREX forensic 

site that is potentially related to deicing activities. 

 Recommendation: In areas where large quantities of de-icing agent are anticipated to be 

utilized, seed mixes should be specifically designed for high salinity soils. CDOT should 

consider zonal seed mixes in that as distance increases from the roadway less salt-tolerant 

native species could be used. The use of plant species with high salt-tolerances should be 

approved by the CDOT landscape architect. . 

Forensic studies have shown that most revegetated areas lack established areas for forbs and 

shrubs. Revegetation areas that are likely to have dense stands of weedy species should not plant 

or seed forbs and shrubs during initial stages of revegetation. It is possible that CDOT maintenance 

herbicide treatments are affecting the viability of forbs and shrubs at critical times. 
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 Recommendation: An IWMP should be established as part of the project landscape design 

plan. The IWMP should be devised to control known weedy species within the first two 

years of revegetation. It is recommended that during the initial revegetation management 

phase, forbs and shrubs should not be planted in the revegetated area, since they will be 

severely limited by weedy species control methods. If forbs and shrubs are desired in the 

revegetated area they should be planted at a later date once the weedy species are 

controlled. Delaying planting of the forbs and shrubs will limit the use of expensive forb 

and shrub seeds that have minimal chances of success due to current weed management 

techniques. 

Decrease in pollinator and other selected species is a concern at both the national and state levels 

due to habitat changes and pesticide. Federal government agencies are under a 2014 Presidential 

directive to identify ways to improve insect-pollinator environments. CDOT should be proactive 

in developing attractive habitats conducive to pollinators whenever possible. 

Recommendation: Future revegetation strategies should include a native drought-resistant 

ground cover that has been observed in the vicinity, such as Eriogonum umbellatum, sulfur-

flower buckwheat, and seed it after roadside grasses have been established and weeds have 

been eradicated by spraying. This will allow for the establishment of broadleaf plants and 

a decreased negative effect on pollinator species. 

4.3 Landscape Design 

The elements embedded in the CDOT SWMP (Tab 1) lack sufficient detail to contractors and 

project engineers for revegetation. Limited SWMP information is provided for seed mixes, 

amendments and corrective stabilization; however, specific revegetation scheduling, 

responsibilities, corrective actions and success metrics are absent. A detailed revegetation plan 

(landscape design plan) would be advantageous to CDOT and the contractor to fully understand 

CDOT revegetation expectations. 

 Recommendation: A project specific landscape design plan should contain elements 

associated with revegetation design, planning, implementation, monitoring, corrective 

actions, QC and responsibilities. The landscape design plan should specify the contractor 

expectations, responsibilities and performance metrics and should also address key 

revegetation elements such as early planning, clear objectives and stakeholder 

collaboration. The development and use of a landscape design plan has a high potential to 

improve revegetation success via improved contractor performance resulting in reduced 

maintenance costs (Armstrong, 2011).  

CDOT landscape architects are not fully engaged in the early stages of the project with design 

and/or project engineers to develop revegetation strategies. Active construction sites visited had 

minimal to no involvement by CDOT landscape architects. The landscape architect should be used 

to identify revegetation problems early, protect existing vegetation, create final vegetation 

treatment details, develop RFP language and provide design input to better promote revegetation 

(Steinfield and Riley, 2007). No integrated revegetation planning process seems to exist from 

project planning-design through permit deactivation and complete site stabilization. 
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 Recommendation: CDOT landscape architects need to coordinate early with the CDOT 

project designers, project engineers and maintenance representatives to give direction and 

support on grading, revegetation, erosion control, drainage issues and final site stabilization 

issues. The landscape architect should be used to develop revegetation contract language 

to achieved desired results in the field (Armstrong, 2009).  

There were no formal performance measures used at any active construction projects to gauge 

revegetation success and contractor performance. Performance measures provide a mechanism for 

CDOT to identify revegetation successes and problems in the field that allow for the development 

of adaptive management strategies.  

 Recommendation: A project specific landscape design plan should contain a QC plan that 

describes how the contactor will be measured against performance measures (AASHTO, 

2011). The performance measures should be based on each project’s revegetation goals 

and objectives (Steinfield and Riley, 2007) which are not currently specified in the CDOT 

SWMP. Performance measures should be monitored at a given frequency or during critical 

revegetation process actions by the CDOT landscape architect or qualified representative. 

There is no final metric or performance measures that needs to be achieved by the contractor in 

order for CDOT maintenance to accept the existing revegetation conditions after construction is 

completed. Based on conversations with most RWPCMs, only a visual observation is apparently 

used by CDOT maintenance to accept the transfer of revegetation and erosion control 

responsibilities. The development and utilization of performance measures will help reduce CDOT 

maintenance’s environmental risk and cost liabilities by accepting only project areas that are 

undergoing effective revegetation.  

 Recommendation: CDOT maintenance personnel need to have a better understanding of 

revegetation requirements and erosion control conditions when accepting revegetation and 

stormwater compliance responsibilities. CDOT maintenance should consult with a CDOT 

landscape architect for technical support and guidance when accepting revegetation and 

erosion-control responsibilities. A revised Maintenance Punchlist should be considered 

that better identifies performance measures for revegetation as part of a CDOT post-

construction process. A Revegetation Monitoring and Inspection Tool is located in 

Appendix K to aid CDOT maintenance and the landscape architect in evaluating 

revegetation status and progress over time. The monitoring tool is essentially a QC 

checklist that should be used routinely to evaluate revegetation progress and identify and 

correct problems early. 

Revegetation problems needing immediate attention in the field are not being considered and given 

the same level of importance as a Corrective Action under the CDOT Erosion Control Program. 

Active projects do not routinely document revegetation problems during periodic inspections, 

monthly inspections or during RECAT inspections. It was not observed at any visited constriction 

site that contractors received CDOT 105 notifications due to revegetation issues. 

 Recommendation: Corrective actions for revegetation should be entered in the ESCAN 

database for documentation and potential CDOT 105 actions that would lead to contractor 
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damages. There is currently little incentive to monitor revegetation progress. Identifying 

problems the same way as erosion-control problems can lead to identifying problems early, 

with improved monitoring and compliance. Decision support systems such as or similar to 

an Environmental Management System can provide landscape architect benefits in 

managing revegetation costs, benefits, opportunities and risk (AASHTO, 2011). 

There are inconsistencies and lack of detail on the existing CDOT methodology to determine 

percent-vegetative cover (CDOT, 2002). This observation was noted for all active construction 

sites and was mentioned by interviewed CDOT personnel. Active construction projects use 

qualitative measures such as pictures to establish pre-construction vegetative conditions, while 

some projects use one transect to represent large area of variable vegetation. Most active 

construction sites visited in this study failed to provide pre-construction vegetative surveys. An 

environmental risk to CDOT occurs when formal accepting or initiating SCP deactivation using 

inconsistent and poor measurement techniques. 

 Recommendation: Specifications and guidance should be developed that detail the exact 

methodology to be used to determine pre and post-construction percent-vegetative cover 

conditions. CDOT needs to reevaluate and modify this methodology to ensure improved 

consistency, accuracy and proper use. CDOT should develop a training module that shows 

how proper measurements are taken and data evaluated for pre and post-construction 

measurements. CDOT should coordinate with CDPHE and other agencies to develop a 

sound vegetative cover measurement. For example, there needs to be consistency in 

measuring non-natives versus native plants, locating transects based on vegetative units 

and seasonal timing of measurements. The revised methodology should eventually be 

specified in a CDOT specification. This recommendation will reduce short term 

environmental risk to CDOT associated with deactivating a SCP via a formal CDOT 

signature to CDPHE. 

There could be a potential conflict of interest if the revegetation contractor is responsible for 

measuring pre and post-construction vegetative cover conditions that are critical to deactivate the 

SCP. Based on conversations with active construction sites the TECS, RWPCM and landscape 

architects, contractors are used to establish pre-construction vegetative cover surveys. The 

potential exists for the contractor to place measurement transects in optimum locations or to count 

noxious weed species as part of the vegetative cover. There could be a potential incentive for the 

contractor to prematurely deactivate the SCP to receive final payment.  

 Recommendation: Qualified CDOT representatives or an independent third party 

consultant should perform both the pre and post-construction percent revegetation 

measurements and data analysis. This will avoid a potential conflict of interest by 

contractors and provide less regulatory risk to CDOT. CDOT should securitize and approve 

percent revegetation measurements and analyses for design-build projects before the SCP 

deactivation request is sent to CDPHE. 

Final site stabilization endpoints for projects are not well defined by CDOT. Much of the 

revegetation focus is on achieving the regulatory 70 percent pre-construction vegetative cover and 

deactivating the SCP; however, there may be some residual environmental risk to CDOT after 
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permit deactivation. Depending on the reliability of the percent-vegetative calculation or the 

physical characteristics of the site, there may be some exposed soil areas that could erode and be 

a continuing source of pollution to local water resources.  

 Recommendation: As part of a landscape design plan, the permit-deactivated area may 

still need to be monitored based on site characteristics such as slope steepness, soil type, 

extent of vegetative cover, etc. The CDOT landscape architect or qualified personnel 

should visit site conditions and make a determination if specific erosion-control BMPs 

and site monitoring needs to continue.  

The landscape establishment contract requirements for post-construction revegetation and site 

stabilization between CDOT and the prime contractor appears not to be consistent among 

projects and CDOT regions. Contractor noncompliance to the contract’s revegetation 

requirements was a common concern voiced by most interviewed CDOT representatives. It is not 

well detailed as to the contractor’s revegetation responsibilities after construction and into the 

post-construction phase of the project.  

 Recommendation: A new or revised CDOT post-construction program should be 

considered to achieve consistent stormwater management practices among all CDOT 

regions. CDOT specifications should be revisited for greater consistency and clarity in 

regards to contractor revegetation expectations during construction and post-construction. 

Currently CDOT specifications do not specifically identify one person other than the 

project engineers who is responsible for success for the revegetation life cycle. Contractor 

performance measures based on contract and scope of work documentation should be 

identified the landscape design plan. 

CDOT landscape architects are not fully engaged early in the project design, construction and 

maintenance process as it relates to revegetation and final site stabilization. All active construction 

projects visited have experienced some revegetation problems that include improper seed mix 

usage in RFPs, incorrect soil amendments, poor seed installation, lack of revegetation monitoring 

and inadequate communication between the project engineer and CDOT landscape architect.  

 Recommendation: The landscape architect can help reduce potential erosion impacts, 

protect existing vegetation, identify final vegetation treatment details, develop RFP 

language and provide design input to better promote revegetation (Steinfield and Riley, 

2007). No strategically integrated revegetation process that involves the landscape architect 

seems to exist from project planning-design stage through permit deactivation and 

complete site stabilization. The landscape architect should influence the design and grading 

plans of the project that will aid in erosion control and reduce BMP costs. Figure 11 

provides a process for landscape architect involvement in the planning, design, 

construction and maintenance stages that should be considered for CDOT projects.  
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Figure 11. Revegetation coordination in the project process diagram (Steinfeld, 2007). 

4.4 Construction Management 

There is a consistent lack of contractor conformance to CDOT revegetation specifications 

(Sections 212, 213 and 214). The majority of the active construction sites exhibited a wide range 

of specification non-conformances that has a high potential of negatively affecting the success of 

revegetation on CDOT projects. As previously mentioned, soil amendment requirements, stockpile 

management, and soil preparation, to name a few, are often times ignored by many contractors. 

These non-conformance issues are extending the time required to reach revegetation success and 

site stabilization and have the potential for revegetation rework. This extended and unnecessary 
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amount of time to reach revegetation success results in increased costs and environmental liability 

to CDOT maintenance, while managing the SCP. 

 Recommendation: CDOT needs to provide the training, resources and methodologies 

necessary for CDOT representatives to monitor contractor revegetation performance. 

CDOT regions and/or the Environmental Programs Branch (EPB) should provide qualified 

resources throughout the revegetation process to achieve full site stabilization in a cost 

effective manner. Landscape architects, RWPCMs, and perhaps maintenance 

representatives need to provide contractor oversight during and immediately after 

construction. Ignoring revegetation specifications in the field without project engineer 

knowledge or approvals will impact revegetation success and result in additional costs to 

CDOT maintenance. 

Contractors are oftentimes making unilateral decisions about not adhering to or modifying 

specifications in the field without project engineer knowledge or approval. Other times, project 

engineers are being asked to approve modifications to revegetation requirements specified in RFPs 

or specifications. Many project engineers make revegetation changes without fully understanding 

the revegetation strategy impacts. This condition was observed in 4 out of 5 active construction 

sites visited during this research project. 

 Recommendation: Project engineers need to contact a CDOT landscape architect for 

guidance when making decisions that can affect the overall site revegetation strategy. 

Potential short circuiting of the revegetation process by contractors has a huge impact on 

revegetation success and duration. Unilateral decisions have a high potential to impact 

CDOT maintenance budgets. Project engineers who are asked to approve modifications to 

revegetation requirements specified in RFPs or specifications need to make informed 

decisions. These project engineers have acknowledged that they are not knowledgeable to 

make technical revegetation modification decisions. 

There has been very limited revegetation oversight by CDOT personnel during critical points in 

the revegetation process. There has been no or very limited communication between the landscape 

contractor and the CDOT landscape architect during critical times such as percent-vegetative cover 

determinations, soil preparation, seeding, and revegetation monitoring. There are not the same type 

of field-construction responsibilities for revegetation as for erosion control; the TECS is not 

responsible for revegetation specification compliance. Direct revegetation process verification at 

critical times was performed at 1 out of 4 active construction sites. Based on CDOT interviews, 

this QC action is rarely performed.  

 Recommendation: The landscape design plan should identify critical revegetation 

activities that need to be monitored, verified and documented. Contractors should be 

required to contact the CDOT project engineer and CDOT landscape architect to coordinate 

onsite observations and monitoring before critical actions are performed. This is especially 

critical during soil preparation, amendment addition, and seeding. The landscape design 

plan should initially be developed by a qualified landscape architect and maintained 

throughout the roadway design phase (Armstrong, 2007). 
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There is very limited revegetation communication and performance expectation expressed 

between the CDOT landscape architect and the landscape contractors during the environmental 

pre-construction meeting and throughout the project. No active construction sites visited had 

CDOT representatives discuss revegetation expectations with the contractors early in the project. 

 Recommendation: It is important for the CDOT project engineer and landscape architect 

to discuss revegetation expectations early in the process with the prime contractor and their 

landscaping contractor. It has been shown in the literature and acknowledged in the 

information survey that having a contractor who understands the need for a successful 

revegetation outcome is critical to revegetation success (FHWA, 2011). The components 

of a landscape design plan and relevant specifications should be reviewed and understood 

by the contractor. Revegetation should be added as a discussion item in the environmental 

pre-construction meeting agenda. If the landscape contractor has not been selected at the 

time of the pre-construction meeting, a separate meeting between the CDOT landscape 

architect and the prime and landscape contractors should be conducted prior to any 

revegetation actions. The contractor’s understanding of the revegetation requirements 

should be discussed, agreed upon and documented. 

Revegetation knowledge, inspection methods and understanding of specifications was determined 

to be a common deficiency among most CDOT project engineers, RWPCMs and contractors. 

Based on project interviews, it was expressed by most CDOT field representatives that they do not 

have the necessary revegetation background and expertise to make revegetation decisions and be 

able to assess contractor progress. The results of the Revegetation Survey of CDOT construction 

project engineers Survey indicated a lack of revegetation process understanding at an engineering 

and contractor level. For example, only four percent of survey respondents felt that the contractors 

have a high level of understanding of CDOT revegetation specifications; therefore, landscape 

subcontractors would also greatly benefit from revegetation training to better understand CDOT 

policy and expectations. 

 Recommendation: Revegetation training should be a requirement for CDOT project 

engineers, RWPCMs, landscape contractors and CDOT maintenance representatives who 

are making project revegetation decisions. An overview of CDOT revegetation strategies, 

specifications, expectations, documentation requirements, QC, performance measures, 

site-monitoring and contract commitments would be important training elements. 

Design-build projects represent a unique revegetation challenge to CDOT. Prime contractors are 

generally the permit holders of the SCP and are under the requirement to obtain 70 percent-

vegetative cover relative to pre-construction conditions to achieve permit deactivation. CDOT is 

the ultimate owner of the ROW where the project resides; however, they have limited power in 

directing contractors. At the active construction sites visited, no routine CDOT revegetation 

inspections occurred and only routine monthly erosion-control inspections and RECAT 

inspections were performed by CDOT. For example, on one design-build project, it was identified 

that the CDOT RFP requirements for seed mixes and soil amendments were lacking in detail. 

Contractors apparently made unilateral decisions on seed mixes and the elimination of soil  
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amendments. The potential for poor pre and post-construction vegetative cover measurement 

accuracy generated by contractors may represent some residual risk to CDOT after the project is 

completed.  

 Recommendation: Revegetation expectations for design-build projects need to be very 

detailed in the RFP that will provide little room for contractor interpretation. Any changes 

and modifications to this revegetation scope of work should be approved by a CDOT 

landscape architect. The contract and/or scope of work should specify that a detailed 

landscape design plan, as part of the SWMP, be approved by a CDOT landscape architect 

before construction activities initiate. The contract needs to allow CDOT the ability to 

monitor specific revegetation actions and compliance to the landscape design plan. CDOT 

has a vested interest in the final revegetation outcome since they own the ROW area.  

4.5 Maintenance and Operations 

A cost savings analysis for doing revegetation correctly the first time on CDOT projects has not 

been developed to date by CDOT maintenance management. The total cost savings that would be 

achieved by eliminating or reducing revegetation rework, and obtaining expected revegetation 

results the first time has not been calculated by CDOT. Revegetation rework costs monitored by 

Region 1 show high revegetation rework costs at former and existing permitted projects with an 

estimate cost of $622,500 for 12 projects. 

 

It has been demonstrated by research based studies that it is very cost effective to perform site 

revegetation (reclamation) correctly the first time, as opposed to revegetating after plant failure. It 

was determined that for oil and gas well sites, over 50 percent cost increases over initial 

revegetation cost, equating to an additional $20,000 - $40,000 per project, can result for 

revegetation sites that failed (Chenoweth, 2010). Revegetation conditions and processes between 

oil and gas operations and CDOT construction projects are very similar. 

 Recommendation: CDOT should initiate a research study on identifying revegetation life-

cycle costs for a broad spectrum of CDOT projects. Life-cycle cost analysis should be 

performed on projects within different CDOT regions, varying ecozones, project 

complexity, and site characteristics. A cost benefit analysis should be performed to identify 

the cost savings of doing revegetation correctly the first time by taking into account rework 

costs, erosion control, revegetation monitoring, reduced mowing, herbicide treatment, and 

post-construction BMP maintenance.  

The CDOT SAP system used for tracking revegetation maintenance activities was ineffective and 

of no value for two cost analyses. The maintenance activity codes for temporary erosion-control 

BMPs, permanent BMPS, and environmental 30-day inspections were either non-existent or 

appeared to be inaccurate. It was determined that it is not possible for CDOT maintenance 

management to measure the revegetation actions and make sound financial resource decisions for 

future improvement.  

 Recommendation: CDOT maintenance management needs to establish a data input 

protocol for maintenance operations relative to post construction activities including 



 

70 

revegetation. A system needs to be established that will allow CDOT maintenance to 

monitor erosion control and revegetation costs over time. High, or unexpected maintenance 

costs can be flagged, and revegetation issues can be resolved early before costs escalate.  

There is a lack of herbicide application coordination and communication between the CDOT 

project engineer and/or CDOT landscape architect and CDOT maintenance. As per discussions 

with landscape architects and landscape contractors, uncoordinated broadcast herbicide spraying 

has hindered project revegetation activities on several visited active construction projects. A well-

coordinated IWMP needs to be developed and implemented as part of a project specific landscape 

design plan. Lack of maintenance coordination is making revegetation efforts inefficient and 

wasting financial resources. It is counterproductive to have CDOT maintenance be responsible for 

final revegetation results when they are hindering the revegetation process by herbicide 

applications. 

 Recommendation: The CDOT project engineer and/or the CDOT landscape architect or 

qualified representative should coordinate with the regional maintenance representative 

responsible for herbicide applications on or near revegetated ROW areas. CDOT 

maintenance is responsible for the success of revegetation upon written acceptance of the 

punchlist and SCP; therefore, they need to communicate with their maintenance 

counterparts to coordinate herbicide applications. Herbicide application should be 

consistent with sound IWMP protocols established by CDOT. CDOT maintenance may 

need to spot spray areas to control noxious weeds instead of using broadcasting 

applications in areas undergoing revegetation (Harper-Lore, 2014). 

CDOT maintenance mowing operations tend to be aggressive and performed approximately the 

same time every year. This practice was noted on all forensic survey sites except for Powers Blvd 

site. Mowing operations can lead to a monoculture of increasing non-native grasses, such as 

smooth brome, and noxious weeds. The mowing operations decrease overall revegetation 

performance and are unnecessary costs if revegetation is performed correctly during the 

construction phase. Mowing often promotes weedy plant infestations, especially if performed at 

inappropriate times. It was especially observed that mowing heights were extremely low at the 

former TREX; where numerous areas experienced exposed soil as a result. 

 Recommendation: CDOT needs to re-evaluate their mowing strategies within the ROW 

area, especially near revegetation areas. Mowing frequency should be reduced to promote 

active vegetative growth while keeping weed heights acceptable. A new mowing strategy 

will reduce costs and promote more diverse and desirable plant species. Maintenance can 

save significant amounts of money in the long run if they can used hardy, adapted 

vegetation that needs minimal maintenance such as mowing and herbicide treatment 

(AASHTO, 2011). 
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Table 4a provides a summary of the conclusions and recommendations and rationale detailed in 

the text above. The priority level is based upon the ease of implementation, regulatory risk, and 

cost effectiveness. These priority levels should be reviewed and modified as needed to aid in 

implementation. 

Table 4a. Summary of Conclusions and Recommendations 

Category Conclusion Recommendation Rationale Priority 
Topsoil and 

Subsoil 

Management 

High soil compaction 

affecting successful 

revegetation; routine 

noncompliance to 

specification 212.06 

Use dozer shank to rip soil 

initially prior to tilling; 

multiple passes may be 

needed; ensure specification 

212.05 compliance  

High compaction affects 

root growth  

High 

 Improved topsoil 

removal and salvaging 

management needed; no 

BMPs and signage for 

segregation  

Remove topsoil based on soil 

actual profile depth 

determination; prevent 

introduction of non-topsoil 

and debris 

Poor topsoil salvage 

techniques noted at most 

construction sites 

High 

 Lack of soil compost 

application for organic 

matter 

Higher rates of compost 

needed to enhance organic 

matter; 60 cubic yards per 

acre application a general 

consideration; evaluate 

amount based on soil testing 

Improves organic matter in 

soil for vegetative growth; 

some project areas ignored 

application 

High 

 Too much fertilizer being 

applied to topsoil based 

on soil testing results 

Collect soil samples prior to 

construction and evaluate 

fertilizer application rates if 

any 

Excess fertilizer can 

contribute to surface and 

groundwater quality issues; 

may promote establishment 

of weed vegetation; 

unnecessary financial 

resources being expended 

Medium 

 Poor quality imported 

soil is being used for 

revegetation without 

quality testing  

Imported soil should be tested 

for nutrients, organic matter, 

and noxious weeds before 

transport and use 

Poor quality soil will 

hinder revegetation efforts 

and cause proliferation of 

noxious weeds 

Medium 

 

Seed Selection and 

Establishment 

Seed mixes at the active 

construction sites and at 

the forensic sites did not 

use a mixture of grasses 

for short and long term 

establishment. 

Seed mixes should be 

developed with predefined 

short-term and long-term 

revegetation goals. Native 

species should be used in 

CDOTs seed mixes. 

Promotes improved 

stabilization by using 

grasses that are not long 

lasting plants and will give 

way to native species that 

are slower to establish 

  

Medium 

 Current  native seed mix 

approaches provided 

poor to marginal success 

in vegetation 

establishment  

Identify seed mixes based on 

existing plant communities 

that are already adapted to 

local site conditions and have 

a greater likelihood of 

survival; species inventory 

done very early in the project 

design process 

The cost of native seed 

mixes are high, and more 

cost efficient seed selection 

is needed. There will be a 

higher potential of plant 

species success if site 

specific native species are 

selected in the seed 

mixture.  

High 
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Category Conclusion Recommendation Rationale Priority 
 Application rates of PLS 

are high and have the 

potential of effecting 

successful revegetation  

CDOT should evaluate the 

rates of PLS application based 

on the ecozone and native 

plant densities of the pre-

construction area. 

An overabundance of seeds 

per square foot can lead to 

intense competition for 

water and nutrients that 

may not be available in the 

soil. This could negatively 

affect stand diversity or 

lead to eventual die off of 

the vegetation community. 

Medium 

 Visited construction sites 

show there is 

inconsistency in seeding 

applications within the 

seasonal seeding 

windows specified in 

CDOT specification 

212.03. 

Contractors should not be 

allowed by the project 

engineer to seed outside the 

CDOT specification seeding 

windows unless approved by a 

CDOT landscape architect. 

Decreased plant survival 

can be expected if seeding 

occurs outside the seeding 

window which increases 

the potential of re-seeding 

and additional costs. 

High 

 Seed viability and 

management may be 

affecting revegetation by 

poor storage or poor 

quality seed  

Conduct seed viability testing 

especially at the beginning of 

revegetation actions. Ensure 

proper seed handling 

techniques by contractors 

according to specifications 

Seed viability assessment 

is the first critical part of 

the revegetation process. 

Lack of viable seed early 

in the project will have a 

profound impact on 

revegetation and cost. 

High 

 De-icing agent 

applications, especially 

in Colorado urban 

environments, can 

increase soil salinity 

concentration and 

decrease revegetation 

success 

In areas where large quantities 

of de-icing agent are 

anticipated to be utilized, seed 

mixes should be specifically 

designed for high salinity soils 

Lack of revegetation 

success will be 

experienced due to saline 

soils from deicing without 

using salt tolerant plant 

species  

Medium 

 Studies have shown that 

most revegetated areas 

lack established areas for 

forbs and shrubs due to 

maintenance operations 

The IWMP should be devised 

to control known weedy 

species within the first two 

years of revegetation. It is 

recommended that during the 

management phase forbs and 

shrubs not be planted in the 

revegetated area, since they 

will be severely limited by 

weedy species control 

methods. 

Delaying planting of the 

forbs and shrubs will limit 

the use of expensive forb 

and shrub seeds that have 

minimal chances of 

success due to weed 

management techniques. 

Medium 

 Federal government 

agencies are under a 

2014 Presidential 

directive to identify ways 

to improve insect-

pollinator environments. 

Develop native seed mixes 

that attract and promote 

pollinating insects 

Pollinating insect 

populations have 

dramatically decreased due 

to habitat impacts caused 

by herbicide and pesticide 

usage. Improving 

pollinator habitat will help 

improve insect populations 

and meet the Presidential 

goals 

Medium 
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Category Conclusion Recommendation Rationale Priority 
Landscape Design Elements embedded in 

the CDOT SWMP lack 

sufficient detail to 

contractors for successful 

revegetation  

A project specific and non-

boilerplate landscape design 

plan should be developed by a 

qualified landscape architect 

or contractor. 

Critical information 

necessary to achieve 

successful revegetation 

such as design, planning, 

implementation, 

monitoring, corrective 

actions, QC,  and 

responsibilities are 

consolidated into one area 

for reference and 

management 

High 

 CDOT landscape 

architects  are not fully 

engaged in the early 

stages of the project with 

design or project 

engineers to develop 

revegetation strategies. 

Landscape architects need to 

coordinate early with the 

CDOT project designers, 

construction project engineers 

and maintenance 

representatives to give 

direction and support on 

grading, revegetation, erosion 

control, and drainage issues. 

Improved revegetation 

success will be achieved if 

a coordinated strategy is 

developed between the 

landscape architect and 

design and construction 

engineers. Early 

involvement will reduce 

the potential for 

revegetation rework. 

High 

 There are no formal 

performance measures to 

gauge revegetation 

success and contractor 

performance throughout 

the CDOT revegetation 

process 

A project specific landscape 

design plan should contain a 

QC plan that describes how 

the contactor will be rated 

against performance 

measures. The performance 

measures should be based on 

each project’s revegetation 

goals and objectives 

Performance measures 

provide a mechanism to 

identify revegetation 

successes and problems in 

the field that allow for the 

development of adaptive 

management strategies 

High 

 There is no final metric 

or performance standard 

that needs to be achieved 

by the contractor for 

CDOT maintenance to 

accept the existing 

revegetation conditions 

after construction is 

completed. 

CDOT maintenance personnel 

need to have a good 

understanding of revegetation 

requirements and erosion 

control conditions when 

accepting revegetation and 

stormwater compliance 

responsibilities. CDOT 

maintenance should consult 

with  a CDOT landscape 

architect for technical support 

and guidance 

This action will reduce 

CDOT maintenance 

environmental and 

regulatory risk and cost 

liabilities. 

High 

 Revegetation problems 

needing immediate 

attention in the field are 

not being considered and 

given the same level of 

importance as erosion-

control problems 

Corrective actions for 

revegetation should be entered 

in the ESCAN database for 

documentation and potential 

CDOT 105 actions leading to 

contractor damages. 

Improved corrective action 

awareness that can be 

better managed to reduce 

potential rework and 

additional costs 

Medium 
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Category Conclusion Recommendation Rationale Priority 
 There are inconsistencies 

and lack of detail on the 

existing CDOT 

methodology to 

determine percent-

vegetative cover. High 

probability that most 

active construction sites 

do not perform pre-and 

post-construction 

vegetative surveys 

Specifications and guidance 

should be developed that 

detail the exact methodology 

to be used to determine pre 

and post-construction percent-

vegetative cover. 

An environmental risk to 

CDOT occurs when 

formally accepting or 

initiating SCP deactivation 

using inconsistent and poor 

measurement techniques. 

High 

 There could be a 

potential conflict of 

interest if the 

revegetation contractor is 

responsible for 

measuring pre- and post-

construction vegetative 

cover conditions that are 

critical to deactivate the 

SCP. 

A qualified CDOT 

representatives or an 

independent third party 

consultant should perform 

both the pre- and post-

construction percent 

revegetation measurements 

and data analysis. 

This action will avoid a 

potential conflict of 

interest and provide less 

regulatory risk to CDOT. 

High 

 The final site 

stabilization endpoint for 

projects is not well 

defined by CDOT. Much 

of the revegetation focus 

is on achieving the 

regulatory 70 percent 

pre-construction 

vegetative cover and 

deactivating the SCP; 

however, there may be 

some residual 

environmental risk to 

CDOT after permit 

deactivation 

As part of a landscape design 

plan, the permit-deactivated 

area may still need to be 

monitored based on site 

characteristics such as slope 

steepness, soil type, extent of 

vegetative cover, etc. 

This will reduce 

environmental risk by 

protecting local water 

resources and stabilizing 

soils and slopes long term. 

Medium 

 The revegetation and 

post-construction 

contract requirements 

between CDOT and the 

prime contractor appears 

not to be consistent 

among projects and 

CDOT regions 

A new or revised CDOT post-

construction program should 

be considered to achieve 

consistency of stormwater 

management among all 

CDOT regions.  

Improved revegetation 

success is expected to 

occur if contract 

expectations are identified 

and enforced consistently 

among regions. 

High 

Construction 

Management  

There is a consistent lack 

of contractor 

conformance to CDOT 

revegetation 

specifications (Section 

212, 213 and 214) 

CDOT needs to provide the 

training, resources and 

methodologies necessary to 

monitor contractor 

revegetation performance. 

CDOT regions and/or the 

Environmental Programs 

Branch (EPB) should provide 

qualified resources throughout 

the revegetation process to 

achieve full site stabilization 

in a cost effective manner. 

Improved contractor 

oversight and guidance 

during critical revegetation 

process times is important 

to ensure specifications are 

followed. There will be 

improved revegetation and 

cost effectiveness for 

projects.  

High 
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Category Conclusion Recommendation Rationale Priority 
 Contractors are 

oftentimes making 

unilateral decisions about 

not adhering to 

specifications in the field 

without project engineer 

knowledge or approvals. 

Other times, project 

engineers are being asked 

to approve modifications 

to revegetation 

requirements specified in 

RFPs or specifications. 

Increased contactor 

performance monitoring is 

needed by a qualified CDOT 

representative. Project 

engineers need to contact a 

CDOT landscape architect for 

guidance when making 

decisions that can affect the 

overall site revegetation 

strategy. 

Improved revegetation is 

expected to result when 

monitoring contractor 

performance to 

specifications. Professional 

revegetation guidance will 

help ensure revegetation is 

performed correctly the 

first time. 

High 

 There has been very 

limited revegetation 

oversight by CDOT 

during critical points in 

the revegetation process. 

There has been no, or 

very limited 

communication between 

the landscape contractor 

and the CDOT landscape 

architect 

The landscape design plan 

should identify critical 

revegetation activities that 

need to be monitored, 

verified, and documented. 

Contractors should be 

required to contact the CDOT 

project engineer and CDOT 

landscape architect to 

coordinate onsite observations 

and monitoring before critical 

actions are performed 

Improved communication 

between the CDOT 

landscape architect and 

landscape subcontractor is 

important to discuss 

expectations and have a 

common goal for a 

successful revegetation 

process.  

High 

 Revegetation knowledge, 

inspection methods, and 

understanding of 

specifications was 

determined to be a 

common deficiency 

among most  CDOT 

project engineers, 

RWPCMs, and 

subcontractors 

Revegetation training should 

be a requirement for CDOT 

project engineers, RWPCMs, 

and maintenance 

representatives who are 

making project revegetation 

decisions. 

Training will increase 

knowledge of the CDOT 

revegetation process and 

specifications. Improved 

education will help ensure 

a consistent understanding 

of CDOT expectations and 

factors for success. 

High 

 Design-build Projects 

represent a unique 

revegetation challenge to 

CDOT. 

Revegetation expectations for 

design-build projects need to 

be very detailed in the RFP 

that will provide little room 

for contractor interpretation. 

Any changes and 

modifications to this 

revegetation scope of work 

should be approved by a 

CDOT landscape architect. 

Without oversight and 

communication, there is a 

potential for poor pre- and 

post-construction 

vegetative cover 

measurement accuracy 

generated by contractors. 

Project areas with poor 

revegetation that will 

require additional rework 

and stabilization time may 

be handed over to CDOT. 

Medium 

Maintenance and 

Operations 

It is very cost effective to 

perform site revegetation 

(reclamation) correctly 

the first time as oppose to 

revegetating after plant 

failure. Revegetation- 

rework costs monitored 

by Region 1 show high 

revegetation-rework 

costs for former and 

existing permitted 

projects. 

CDOT should initiate a 

research study on identifying 

revegetation life-cycle costs 

for a broad spectrum of 

CDOT projects. Life-cycle 

cost analysis should be 

performed on projects within 

different CDOT regions, 

varying ecozones, project 

complexity, and site 

characteristics 

The life-cycle costs for 

various construction 

projects will provide a 

range of costs over the 

lifetime of a project. Cost 

analysis could be 

performed to assess if 

additional upfront project 

costs result in overall 

project cost efficiency. 

High 
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Category Conclusion Recommendation Rationale Priority 
 It was found that the SAP 

system used for tracking 

revegetation maintenance 

activities was ineffective 

and of no value for two 

cost analyses tasks. 

CDOT maintenance 

management needs to 

establish a data input protocol 

for maintenance operations 

relative to revegetation. A 

system should be established 

that will allow CDOT 

maintenance management to 

monitor erosion control and 

revegetation costs over time. 

High, or unexpected 

maintenance costs can be 

flagged and revegetation 

issues can be resolved 

early before significant 

costs escalate. 

High 

 There is a lack of 

herbicide application 

coordination and 

communication between 

the CDOT project 

engineer and/or CDOT 

landscape architect and 

CDOT maintenance. 

Uncoordinated broadcast 

herbicide spraying has 

hindered project 

revegetation activities on 

several visited, active 

construction projects. 

The CDOT project engineer 

and/or the CDOT landscape 

architect should coordinate 

with the regional maintenance 

representative responsible for 

herbicide applications on or 

near revegetated right of way 

areas. 

CDOT maintenance is 

responsible for the success 

of revegetation upon 

written acceptance of the 

punchlist; therefore, they 

need to coordinate with 

their maintenance 

counterparts to coordinate 

herbicide applications. 

Herbicide application 

should be consistent with 

sound integrated noxious 

weed management 

protocols established by 

CDOT. 

High 

 It is difficult for a CDOT 

maintenance 

representative to fully 

understand the level of 

revegetation success and 

overall environmental 

risk at the time of the 

written acceptance for 

SCP responsibilities 

CDOT maintenance should 

seek out the services of a  

CDOT landscape architect or 

qualified representative to 

evaluate erosion control and 

revegetation conditions before 

accepting SCP responsibilities 

from the contractor; a new 

post-construction process 

should be considered that 

eliminates CDOT 

maintenance responsibility for 

SCP compliance 

Based on conversations 

with CDOT RWPCM and 

landscape architects the 

level of revegetation 

understanding by CDOT 

maintenance is limited; 

many CDOT maintenance 

representatives leverage off 

of RWPCM, whose 

revegetation understanding 

may also be limited. 

High 

 CDOT maintenance 

mowing operations tend 

to be aggressive and 

performed approximately 

the same time every year. 

They can lead to a 

monoculture of 

increasing non-native 

grasses, 

CDOT should re-evaluate 

their mowing strategies within 

the ROW area, especially near 

revegetation areas. Mowing 

frequency should be reduced 

to promote active vegetative 

growth while keep weed 

heights acceptable. 

A new mowing strategy 

will reduce costs and 

promote more diverse and 

desirable plant species. 

Maintenance can save 

significant amounts of 

money in the long run if 

they can used hardy, 

adapted vegetation that 

needs minimal 

maintenance such as 

mowing and herbicide 

treatment 

Medium 

 

4.6 Conclusions and Recommendation Summary 

Revegetation is an important component to the overall project design, construction, and 

maintenance phases. Revegetation importance is sometime overlooked by construction projects 

when the main water quality focus is on erosion-control BMPs and SWMP specification 
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compliance. It has been demonstrated in this research report that there is a high cost and 

expenditure of resources associated with not performing revegetation correctly the first time. The 

longer the duration that CDOT keeps the SCP open, the more environmental and regulatory 

liability CDOT is required to manage. 

 

4.6.1 Hypothesis Testing 

As mentioned in Section 2.4, this research study was founded upon five basic research hypotheses 

based on the project goals and objectives. These hypotheses were tested using revegetation 

interviews, QC assessments, salvaged soil testing, top soil characterization, seed viability testing, 

forensic vegetative surveys, maintenance revegetation cost assessments, and a construction 

engineering survey . The following are the results of the hypothesis testing. 

 Salvage Soil Management Hypothesis- the potential for improved plant revegetation can 

be achieved if nutrient and organic amendment concentrations of topsoil are known before 

revegetation actions initiate. It was identified that nutrient addition is not normally required 

for all the soils sampled in this study. There was a need for additional compost material for 

higher organic matter concentrations to promote plant growth. Proper topsoil removal and 

management was shown to be effective in promoting revegetation. 

 Construction Revegetation Quality Control Hypothesis- the CDOT revegetation process is 

not being completely followed, especially at critical steps; and therefore, the lack of 

compliance is negatively affecting the rate, quality, and overall success of revegetation. 

This hypothesis was proven correct at most active construction sites visited in this research 

project. There is a lack of revegetation process QC by landscape architects or qualified 

revegetation professionals.  

 Forensic Revegetation Analysis Hypothesis- improved revegetation will occur if 

contractors follow specifications and contract requirements based on historical evidence. 

This hypothesis was proven correct based on the forensic surveys performed at former 

construction sites. Proper soil preparation, amendments and seeding were deemed critical 

in the CDOT process success. 

 Revegetation Survey of CDOT Construction Project Engineers– the majority of CDOT 

construction engineering representatives lack basic technical and process knowledge to 

successfully manage and direct revegetation activities. This hypothesis was correct based 

on conversations with CDOT landscape architects, RWPCMs, and the results of the 

engineering survey. 

 Revegetation Cost Analysis- CDOT engineering and maintenance management has 

underestimated the cost and effort for project revegetation and resulting rework. This 

hypothesis was neither proven nor disproven due to the lack of accurate data. It is evident 

that a high amount of financial resources are being used for revegetation rework based on 

CDOT region 1 data. 

This research project focused on two field investigation techniques. The first technique was the 

construction QC process, where five active construction sites’ revegetation strategies were 

observed. The second technique was a forensic-based approach where revegetation success was 

evaluated and measured on five previous construction site areas. There were logistics, scope, and 
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budget limitations that required the TerraLogic team to limit active construction and forensic sites 

to five sites each. However, based on the number and type of field observations, field 

measurements, and conversations with CDOT representatives, the TerraLogic team feels the 

conclusions formulated in this report are representative of revegetation conditions existing at most 

CDOT construction sites. 

4.6.2 Common Conclusions and Themes 

This report identified numerous conclusions and recommendation to improve the success of 

revegetation in a cost effective way that reduces regulatory and environment risk. The 

observations and data collected during the construction site visits, forensic vegetative surveys, 

and informational survey identified some major areas for improvement. The following is a 

summary of those recurring themes and actions:  

There is an established process for CDOT revegetation specified the CDOT “Green Book” of 

Standard Specifications. Based on most of the construction sites visited, there is a lack of QC 

within the revegetation process. Critical steps such as soil preparation, soil amendment 

applications, and seeding within the process are mostly not being verified by trained and 

knowledgeable CDOT representatives.  

Contractors need better CDOT oversight and direction during crucial steps in the revegetation 

process. It was shown that many contractors and/or their subcontractors did not follow CDOT 

specifications, mostly for soil preparation and soil amendments application. There was no 

documentation verifying that drill seeding equipment was calibrated and seed depth penetration 

was according to specification. Landscape architects or qualified CDOT personnel should be 

providing oversight and guidance to subcontractors in the field. 

The cost for not doing the revegetation project correctly the first time has been shown to be 

expensive and it prolongs the duration of the SCP. Information provided by Region 1 has shown 

non-project costs for revegetation and erosion control in the area of approximately $71,000 to 

$1.3 million, with several of these projects having open SCPs. As a result, CDOT maintenance 

takes on the SCP liability and costs for revegetation and site stabilization rework. 

There is inconsistency among CDOT regions in managing the post-construction process to SCP 

deactivation and final site stabilization. The 70%-vegetative-cover methodology is not 

consistently being used by all CDOT regions for SCP. There are technical problems in the 

CDOT vegetative cover that can lead to bias and inaccurate results used for a formal SCP 

deactivation. 

There is a lack of communication among many CDOT employees and contractors instrumental 

in the revegetation success. It appears that the landscape architect is not being fully utilized by 

the project engineer to answer subcontractor questions or respond to proposed specification 

modifications that could impact the overall revegetation strategy. Landscape architects or 

qualified personnel could be used for revegetation QC and to support CDOT maintenance in SCP 

deactivations. It was mentioned several times by CDOT personnel and subcontractors, that  
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the project engineer does not communication well with CDOT maintenance personnel. As a 

result, plants undergoing revegetation have been broadcast sprayed with herbicide by CDOT 

maintenance as part of the routine ROW weed control.  

There should be a project specific landscape design plan developed either by CDOT or approved 

by CDOT before construction is initiated. The current revegetation information provided in the 

SWMP provides some limited revegetation information about schedule, responsibilities, critical 

action timing, weed management, performance metrics, and monitoring. This landscape design 

plan would clearly identify the level of performance expected from the prime contractor and their 

subcontractors. 

It will not be possible to immediately implement all of the recommendations provided in Section 

4. It will require a coordinated effort among numerous CDOT representatives and regions to 

identify the recommendations that address the most overall risk to CDOT. Appendix L provides 

an implementation plan framework for CDOT to use and modify over time. As part of the 

implementation plan approach, it will be important to obtain support from upper CDOT 

management to execute many of the provided recommendations; therefore, it is important to find 

and leverage off of a program champion.  

4.6.3 Potential Research  

Based upon the conclusions and recommendations provided in this report CDOT should consider 

new research projects in the following revegetation and site stabilization areas: 

 Compare full project-life revegetation costs and SCP durations using the current (2014) 

CDOT processes to the processes and methods proposed in this report. 

 Complete a cost benefit analysis comparing the resources CDOT currently uses to 

monitor and subsequently repair sites with SCPs open for years to the cost of hiring and 

inspecting proper vegetation contractors so that sites are successfully revegetated the first 

time.  

 Identify and standardize new plant density and vegetative cover methodologies, such as 

those used by other agencies that fulfill CDPHE SCP deactivation requirements. 

 Assess the revegetation success of site-specific native species at future construction sites 

versus the existing broad-based seed mixture development process. 

 Compare the revegetation success on CDOT design-build projects to conventional 

design-bid-build projects. 

 Investigate the impact of more soil testing (nutrient, organic matter, pH, and salinity) prior 

to construction, and more efficient methods of matching the soil amendment specifications 

to the specific soil qualities (identified by tests) that are lacking at each site, to avoid over 

or under application of amendments. 

 Investigate new methods to increase knowledge and prioritization of the importance of  

revegetation among CDOT planners, engineers, inspectors, maintenance, contractors and 

others.  

 



 

80 

5.0 REFERENCES 

American Association of State Highway and Transportation Officials. (AASHTO). “Guidelines 

for Vegetation Management.” March 2011. 

 

Armstrong, Amit. 2011. “Current and Innovative Solutions to Roadside Vegetation Using 

Domestic Plants; A Domestic Scan Report.” Federal Highway Administration; FHWA-

WFL/TD-11-001. 

 

Association of Official Seed Analysts. (AOSA). Appendix D. AOSA Rules for Testing Seeds 

AOSA Rules for Testing Seeds – Section 2: Preparation of Working Samples. Volume 1. 

Principles and Procedures. [http://www.nist.gov/pml/wmd/pubs/upload/11-appd-11-hb133-

final.pdf]. 2014. 

 

Boreal Research Institute. “Alberta Native Plants and Seeds: Wild Harvest, Registration and 

Deployment. A Guide for Technicians and Practitioners.” 2011. 

[http://www.nait.ca/docs/Seed_Collection_Guide_of_Practitioners_and_Technicians.pdf]. 

 

Bureau of Land Management (BLM). 2005. BLM Pinedale, WY Field Office. 

[http://www.blm.gov/pgdata/etc/medialib/blm/wy/field-

offices/pinedale/papadocs.Par.27814.File.dat/AppxBPtInt.pdf]. 

 

BLM. 2011. White River Field Office Surface Reclamation Protocol. Meeker, CO. 2011. 

 

Chenoweth, David, David Holland, Gerald Jacob, Lindsey Kruckenberg, John Rizza, Bryan 

Whiteley. 2010. “The Economic Benefit of Completing Reclamation Successfully the First Time 

for Oil and Gas Sites” International Erosion Control Association, EC-10, Dallas Texas, February 

18, 2010. 

 

Colorado Department of Public Health and Environment (CDPHE). 2007. Colorado Discharge 

Permit System (CDPS), Stormwater Discharge Associated with Construction Activities. 

[http://www.colorado.gov]. February, 2007. 

 

Colorado Department of Public Health and Environment. 2012. Colorado Department of 

Transportation Authorization of Discharge Under the Colorado Discharge Permit System; Permit 

Number COS: 000005. November 2012. 

 

Colorado Department of Transportation (CDOT). 1977. Colorado Department of Transportation 

Directive 503.0, December 15, 1977. 

 

Colorado Department of Transportation. 2000. Report No. CDOT-DTD-R-1000-lO, Effects of 

De-Icing Agents (Magnesium Chloride and Sodium Chloride) on Corrosion of Truck 

Components.” Prof. Yunping Xi, Patricia J. Olsgard. November 2000. 

 

Colorado Department of Transportation. 2002. “CDOT Environmental Programs, Erosion 

Control and Stormwater Quality Guide, Method of Measurement for Vegetative Cover.” 

http://www.nist.gov/pml/wmd/pubs/upload/11-appd-11-hb133-final.pdf
http://www.nist.gov/pml/wmd/pubs/upload/11-appd-11-hb133-final.pdf
http://www.nait.ca/docs/Seed_Collection_Guide_of_Practitioners_and_Technicians.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/wy/field-offices/pinedale/papadocs.Par.27814.File.dat/AppxBPtInt.pdf
http://www.blm.gov/pgdata/etc/medialib/blm/wy/field-offices/pinedale/papadocs.Par.27814.File.dat/AppxBPtInt.pdf
http://www.colorado.gov/


 

81 

[http://www.coloradodot.info/programs/environmental/water-quality/documents/erosion-storm-

quality/swqcover.pdf/view]. 2002 

 

Colorado Department of Transportation. 2009. "Erosion Control and Stormwater Quality Guide” 

http://www.coloradodot.info/programs/environmental/ water-quality/documents/erosion-storm-

quality Method of Measurement for Vegetative Cover]. 

 

Colorado Department of Transportation. 2011a. Colorado Department of Transportation for 

Road and Bridge Construction, 2011. 

 

Colorado Department of Transportation. 2011b, Stormwater Management (SWMP) Training 

Documentation / Template Text with BMP Narrative Projects with 1-Acre or More of 

Disturbance. HTTP://WWW.COLORADODOT.INFO/BUSINESS/DESIGNSUPPORT/DESIGN-DOCS/SAMPLE-

CDOT-PLAN-SHEETS/SWMP.HTML, February 17, 2011 

 

Colorado State University Extension Office (CSU-Ext). 2008. Magnesium Chloride Toxicity in 

Trees. [http://www.ext.colostate.edu/pubs/garden/07425.html] 

 

Day, P.R. 1965. Particle Fractionation and Particle-Size Analysis. In C.E. Black (ed.), Methods 

of Soil \Analysis, Part 1. American Society of Agronomy. Mon. No. 9:545–567. 

 

Eckenrod, B. 2006. Recreation Impacts on High Elevation Soils: A Comparison of Disturbed, 

Undisturbed and Restored Sites. Master Thesis Montana State University, Bozeman, Montana 

http://www.cfc.umt.edu/CESU/Reports/NPS/MSU/2004/Zabinski_Eckenrod_rpt.pdf 

 

Mulqueen, Stephen, CDOT Region 1 Maintenance Data via Michael Banovich, December, 2014 

 

Mulvaney, R.L. 1996. Nitrogen—Inorganic Forms. pp. 1123–1184. In D.L. Sparks (ed.), 

Methods of soil analysis, Part 3: Chemical methods. No. 5.  

 

Olsen, S.R., and L.E. Sommers. 1982. Phosphorus. pp. 403–430. In A.L. Page, R.H. Miller, and 

D.R. Kenney (eds.), Methods of Soil Analysis, Part 2: Chemical and Microbiological Properties. 

2nd ed. Agron. Monogr. 9. American Society of Agronomy and Soil Science Society of 

America, Madison, Wisconsin. 

 

Rhoades, J.D. 1982. Soluble salts. pp. 167–179. In A.L Page, R.H. Miller, and D.R. Keeney 

(eds.), Methods of Soil Analysis, Part 2: Chemical and Microbiological properties. 2nd ed. 

Agron. Monogr. 9. American Society of Agronomy and Soil Science Society of America, 

Madison, Wisconsin.  

 

Schoeneberger, P.J., D.A. Wysocki, E.C. Benham and Survey Staff. 2012Field Book for 

Describing and Sampling Soils, Version 3.0. Natural Resources Conservation Service, National 

Soil Survey Center, Lincoln, NE. 

 

http://www.coloradodot.info/programs/environmental/water-quality/documents/erosion-storm-quality/swqcover.pdf/view
http://www.coloradodot.info/programs/environmental/water-quality/documents/erosion-storm-quality/swqcover.pdf/view
http://www.coloradodot.info/programs/environmental/
http://www.coloradodot.info/business/designsupport/design-docs/sample-cdot-plan-sheets/swmp.html
http://www.coloradodot.info/business/designsupport/design-docs/sample-cdot-plan-sheets/swmp.html
http://www.ext.colostate.edu/pubs/garden/07425.html
http://www.cfc.umt.edu/CESU/Reports/NPS/MSU/2004/Zabinski_Eckenrod_rpt.pdf


 

82 

Steinfeld, David E., Scott Riley, Kim Wilkinson, Thomas Landis, Lee Riley. “A Manager’s 

Guide to Roadside Revegetation Using Native Plants”, Federal Highway Administration, 

FHWA-WFL/TD-07-006, October, 2007 

 

Swift, K., M. Jones and S. Hagerman. 2000. “An Initial Look at Mycorrhizal Fungi and 

Inoculum Potential in High Elevation Forests.” Journal of Ecosystems and Management. 

[http://www.forrex.org/sites/default/files/publications/jem_archive/ISS1/vol1_no1_art1.pdf]. 

 

Transportation for Communities. 2007. Colorado 285 – “Foxton to Bailey, Using Context 

Sensitive Solutions Approaches to Highway Capacity.” 

[http://transportationforcommunities.com/cases/pdf/US%20285%20Corridor%20and%20NEPA

%20Studies%20-%20Using%20CSS%20Approaches%20to%20Highway%20Capacity.pdf]. 

 

US-40 Berthoud Pass, 2003. Colorado Rocky Mountain Corridor Project. Colorado Department 

of Transportation Environmental Programs. Denver, Colorado. 

 

US Department of Agriculture (USDA). 1954. Diagnosis and Improvement of Saline Sodic 

Soils. Agricultural Handbook No. 60. Agricultural Research Service (ARS). 

http://www.ars.usda.gov/News/docs.htm?docid=10158 (Verified on 30 September October, 

2014) 

 

USDA. Agricultural Research Service 2005. “Monitoring Manual for Grassland, Shrubland, and 

Savanna Ecosystems Volume 1: Quick Start” ISBN 0-9755552-0-0. The University of Arizona 

Press, 2005. [http://jornada.nmsu.edu/files/Quick_Start.pdf]. 

 

United States Environmental Protection Agency (EPA). 1987. Omernik Ecoregions, U.S. 

Environmental Protection Agency. [http://www.epa.gov/wed/pages/ecoregions/level_iii_iv.htm]. 

 

United States Geological Survey (USGS). 2005. U.S. National Vegetation Classification System, 

Ponderosa Pine/Kinnikinnick Woodland. 

[http://www1.usgs.gov/csas/nvcs/nvcsGetUnitDetails?elementGlobalId=690033]. 

 

U.S. Department of Transportation (USDOT). 2001. Federal Highway Administration Public 

Roads 2001. TREX Transportation Expansion Project Metro Denver, Colorado. 

[https://www.fhwa.dot.gov/publications/publicroads/01septoct/trex.cfm]. 

 

Wildlands Restoration Volunteers. 2008. Berthoud Pass 2 Million Seed Collection and 

Restoration Projects. 

[https://www.wlrv.net/index.php?section=events&action=list&type=792&year=2008#event365]. 

 

http://www.ars.usda.gov/News/docs.htm?docid=10158
http://www.epa.gov/wed/pages/ecoregions/level_iii_iv.htm
http://www1.usgs.gov/csas/nvcs/nvcsGetUnitDetails?elementGlobalId=690033
https://www.fhwa.dot.gov/publications/publicroads/01septoct/trex.cfm
https://www.wlrv.net/index.php?section=events&action=list&type=792&year=2008#event365


 

83 

APPENDICES 



 

A-1 

Appendix A: Literature Review and Critique of CDOT Revegetation Specifications 

and Process 

  



 

A-2 

 
 
 

Literature Review and  

Critique of CDOT Revegetation Specifications and Process 
 

 

 
Introduction 

Over the past two months, the TerraLogic team of TerraLogic (Art Hirsch), Environmental Planning 

Group (Aaron DeJoia) and Western States Reclamation (Joe Schneider) have been focused on performing 

literature searches and contacting revegetation professionals within and outside the state of Colorado. The 

main purpose of this secondary research work was to identify a comprehensive list of revegetation test 

variables that will ultimately be screened and selected for study during Task 3. The following summarizes 

the work elements and results from Tasks 1 and 2. 

 

Task 1 Literature Review Summary 

The TerraLogic team conducted an initial literature review of available reclamation practices and 

products that can potentially enhance and lead to quicker revegetation success. The team researched 

innovative techniques and reclamation strategies from various research references included in but not 

limited to the following technical sources: 

 

 Peer-reviewed scientific journals   American Society of Mining Reclamation  

 BLM Gold Book  High Elevation Revegetation Proceedings  

 NRCS Technical Resources  USDA Plant Material Centers 

Publications 

 Local seed and fertilizer vendors 

 Past CDOT Revegetation Research 

 CDOT Green Book Specifications 

 Colorado State University and University 

of Wyoming (Reclamation and 

Restoration Center) 

 

 

The goal of the Task 1 Literature Review was to identify and evaluate emerging trends, innovative 

products and techniques, and proven manageable variables that both enhance revegetation success and are 

cost effective.  

 

Revegetation test variables include specific plant biological, and soil characteristics, and the potential 

interactions between these variables. Strategies to enhance and modify these plant, biological and soil 

variables and associated implementation strategies were considered for field testing due to their potential 

to increase reclamation success. Revegetation variables were reviewed so that both current and potential 

future practices can potentially be evaluated in the field trials.  

 

The second component of the Task 1 Literature Review was to review and evaluate other state 

departments of transportation (DOTs) and other state agencies responsible for creating and implementing 

revegetation guidelines. The TerraLogic team contacted and surveyed other states’ key DOT personnel to 

determine what they consider effective and ineffective revegetation variables and practices.  

 

The third component of the Task 1 Literature Review was to conduct interviews with key CDOT 

personnel who are familiar with CDOT’s revegetation process. These personnel were identified by the 
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CDOT project manager. These interviews were conducted to determine current CDOT revegetation 

practices and which revegetation practices are working and not working.  

 

Table 1 provides a listing of CDOT and regional state DOT contracts. 

 

Task 2 Review and Critique of the Existing CDOT Revegetation Specifications, Processes, Studies and 

Guidelines Summary 

Concurrent with Task 1, the TerraLogic team reviewed and evaluated the current CDOT specifications, 

processes, and guidelines for construction site revegetation. The purpose of Task 2 was to establish a 

baseline reference point to evaluate new and innovative approaches and revegetation strategies. The 

evaluation was performed using the following actions: 

 

 CDOT specifications were critically reviewed and critiqued by the TerraLogic team member, 

Western States Reclamation, in light of their experience and practical application of the 

specifications.  

 In coordination with the CDOT project manager, the CDOT Landscape Manager, Mike 

Banovich, and regional CDOT representatives, the TerraLogic team will visit selected 

construction sites to evaluate the challenges and level of implementation of CDOT specifications 

by contractors; this action (not yet completed) will complement the existing CDOT contractor 

specification monitoring program. 

 Revegetation specifications and guidance from DOTs within the Intermountain West having 

similar climatic conditions (arid, semi-arid and mountain conditions) were reviewed based on 

telephone conversations and assessed against the existing CDOT specifications. 

 

The information obtained from Tasks 1 and 2 were compiled and summarized in Table 2. Table 2 

contains and summarizes information obtained from research-based literature review and information 

obtained from both CDOT and regional state DOT references. 

 

Summary of Collected Task 1 and 2 Information 

The TerraLogic team contacted 20 CDOT employees and 7 regional state DOT revegetation-landscaping 

professionals. There were some consistent points of view associated with revegetation challenges and 

successes. The following summarizes the main areas of discussion that were generally consistent among 

some of the interviewed professionals. 

 

Regional DOT Landscaping Professionals 

Regional DOT landscape professionals were contacted by the TerraLogic team. It was envisioned that 

these sources would be good source of information since regional state DOTs have similar climatic 

conditions and revegetation challenges as Colorado. The regional DOTs landscaping professionals were 

from six states including New Mexico, Nebraska, Kansas, Utah, and Wyoming.  

 

There was a consistent list of questions and discussion topics that were used by the TerraLogic team when 

interviewing the state DOT representatives. The discussions were meant not to be very structured and 

were meant to be more interactive in nature. The phone interviews generally lasted 30-60 minutes. The 

main areas of discussion involved the following topics and questions: 

 

 What revegetation practices are working well on projects? 

 What DOT and/or contractor challenges are affecting project revegetation (e.g. what actions are 

not working well)? 

 Challenges with their revegetation specifications and design engineers, if any? 
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 What type of contractor monitoring is being performed during revegetation, if any? 

 What type of research projects are being conducted, if any? 

 

The following summarizes some of the basic themes and responses from the interviews: 

 

 Most all state DOT representatives mentioned the challenges of revegetation due to drought 

conditions; none of them were a proponent of irrigation due to costs and poor results. 

 Regional DOTs representatives recognized the need for additional resources to watch contractors 

during critical times such as planting and plant establishment; specification compliance is a 

problem. 

 Some DOTs are doing small research projects on soil amendments, such a bio-sol, that are more 

observational than quantitative. 

 Certification or pre-qualification of revegetation contractors would be advantageous to 

revegetation success. 

 Native plants take longer to establish than non-natives, which adds to the long term cost and 

stormwater permit duration.  

 It is difficult to coordinate and plan revegetation expectations during the planning process with 

contractors and sometimes with design engineers. 

 High risk revegetation contractors are known and monitored whenever possible in the field. 

 It is hard to make contractors responsible for complete and successful site revegetation due to 

contracting constraints. 

 Very few DOTs use soil testing before construction to assess amendment needs but recognize the 

need for soil testing; some are uncertain about the soil testing methodology. 

 There needs to be better communication with herbicide sprayers who impact revegetation growth.  

 

CDOT Landscaping Professionals, Water Pollution Control Managers and Study Panel members 

There was a consistent list of questions and discussion topics that were used by the TerraLogic team when 

interviewing CDOT representatives. The CDOT representatives were identified by the CDOT project 

manager such as regional water pollution control managers (WPCM), project study panel members, 

landscape architects, maintenance professionals, and some regional planning and environmental 

managers. The CDOT discussions were meant not to be very structured and were meant to be interactive. 

The interviews generally lasted between 60-90 minutes in person or over the telephone. The main areas of 

discussion involved the following topics and questions: 

 

 What revegetation practices are working well on projects? 

 What CDOT and/or contractor challenges are affecting project revegetation (e.g. what actions are 

not working well)? 

 What type of contractor monitoring is being performed during revegetation, if any? 

 What type of specification changes would you like to see if any? 
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The following summarizes some of the basic responses: 

 

 Most interviewed CDOT professionals think that contractors are not consistently following 

CDOT Green Book Specifications. 

 Most CDOT representatives mentioned the lack of available resources for monitoring contractors 

during revegetation. 

 There is no real identified responsibility in the field to coordinate, oversee, and monitor the 

contractor during actual soil preparation, seeding, and vegetative establishment before handing 

off the project to CDOT maintenance. 

 There needs to be revegetation training for the CDOT project engineers and/or Regional WPCMs. 

 The seed mixture is perhaps too broad and not project site specific; using an eco-zone selection 

approach could improve vegetation establishment. 

 There are inconsistencies on how percent-vegetative cover is calculated before and after 

construction to achieve 70% vegetative cover. 

 There could be better site specific reclamation plans that should be developed by the contractor 

within the SWMP.  

 Soil amendments based on soil type and soil chemistry can be cost effective. 

 A contractor escrow fund should be considered to ensure revegetation occurs before their 

complete departure from the project. 

 Revegetation is an afterthought by contractors and some project engineers who are anxious to 

move onto the next project. 

 

CDOT Green Book Revegetation Specification Critique 

Colorado Department of Transportation (CDOT) Standard Specifications for Road and Bridge 

Construction 2011 (the current “Green Book”) covers basic and conventional revegetation practices for 

Colorado contract work awarded by CDOT. Based on the TerraLogic team’s overall revegetation 

experience, we are aware that more detailed information is typically provided beyond the Green Book on 

project plan sheets and within project special provisions. This CDOT approach appears to be sufficient as 

a project foundation and provides CDOT the opportunity to custom design the revegetation scope of 

work. Four sections of the Green Book relating to revegetation practices were reviewed and examined for 

this technical memorandum. Feedback on additional standards and practices that have a high potential to 

increase the likelihood of revegetation success is provided by the TerraLogic team. 

Specification Section 207 Topsoil 

This section references the handling and placing of topsoil material on CDOT projects. Soil is a critical 

element in the establishment of plants and this section would benefit from additional language regarding 

the methodology for proper topsoil identification, salvage, storage, and placement. A list of suggested 

project specifications and design guidelines changes or modifications is included, based on the 

TerraLogic team’s field experience: 

 

 Require a pre-disturbance topsoil depth determination, soil sample, and nutrient analysis. Topsoil 

should be sampled 21 days prior to the start of construction to allow sufficient time for laboratory 

processing and analysis. Soils should first be determined using published Soil Survey 

information, then documented using a pre-disturbance topsoil soil survey in the field, and 
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appropriate soil samples should be collected. Stripping depths and locations should be determined 

by soil analysis results and on-site inspections. All topsoil documentation and review should be 

conducted and signed under the supervision of a Certified Professional Soil Scientist (CPSS) as 

administered under the Soil Science Society of America. 

 Currently there are no CDOT standards for identifying suitable seedbed quality material (topsoil) 

prior to initiation of construction activities. The practice of using soil surveys to identify the 

quality and quantity of topsoil for use in revegetation has been utilized by the mining industry for 

nearly 40 years. The oil and gas industry is now facing the requirement of identifying and 

salvaging topsoil for use in reclamation efforts. The costs of conducting a pre-disturbance soil 

survey and topsoil management plan will be offset by adding correct soil amendments to only soil 

materials which potentially lack favorable seedbed quality material. Also, management of topsoil 

resources will reduce failed revegetation maintenance and monitoring costs. Pre-construction soil 

analysis and survey are necessary because often CDOT disturbances take place in areas of 

previously disturbed right of way conditions, which make the NRCS soil survey data of minimal 

use.  

 Field identification of topsoil material and stripping depth is important for increasing reclamation 

success. Soil survey information is now electronically available from multiple sources including 

the Web Soil Survey (WSS), SoilWeb, and GIS-based Shape Files. SoilWeb is also available as 

an application for both Android and I-devices. The electronic data generally contains soil 

mapping units at the Order 2 and Order 3 mapping level which can be used for making soil 

management decisions. Order 2 and Order 3 soil maps represent soil mapping units that are 

delineated as soil series, soil complexes, and soil associations. The smallest delineation for Order 

2 soil map units is approximately 4 acres while Order 3 soil mapping units can only be delineated 

to approximately 10 to 16 acres by utilizing electronic soil survey information. Existing Order 2 

or 3 soil mapping could be overlaid on construction maps utilizing GIS methods to assist in 

making better construction and reclamation decisions. In addition, soil sampling intensity could 

then be defined based on the construction and soil information combined. Laboratory analysis for 

the soil samples could be utilized to rate soils as Good, Fair, or poor for use as seedbed material 

and to determine soil amendments requirements and rates. Topsoil volume mass balance can then 

be calculated to determine topsoil replacements depths for the project. 

 Topsoil Section 207 would benefit from further discussion on the importance of maintaining 

segregated topsoil stockpiles throughout construction. Co-mingling of topsoil with other non-

suitable on-site soils greatly depreciates or destroys this resource.  

 Topsoil Section 207 could benefit from language restricting topsoil salvage in unfavorable 

conditions, such as soil moisture conditions that are too dry or too wet. If topsoil is salvaged in 

unfavorable conditions, it could lead to permanently damaging beneficial soil structures and 

composition. 

 The identification and use of suitable subsoil materials should be incorporated into the 

specifications and designs. Utilizing quality subsoils could increase project success and reduce 

overall project costs. Quality subsoil conditions would have to be identified in the field by a soil 

scientist and confirmed with soil testing and analysis. 

 Ensure that the stripping and stockpiling of available topsoil is executed properly by having on-

site inspections by trained personnel. Additional inspections would have to be made throughout 

the duration of the project to make sure salvaged soils are being stored properly.  

 Destroying soil stockpiles or SWMP BMPs during earthwork activities is not acceptable and 

should be enforced in the project specifications and by penalty when necessary. If available 

topsoil is identified, but is not properly salvaged or stored, the contractor should be responsible 
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for importing quality topsoil or adding additional amendments without cost to CDOT. In order for 

this system to work a topsoil salvaging, stockpiling, and placement plan would have to be 

designed and enforced by qualified personnel. Documentation of topsoil handling, storage 

locations, and storage volumes would be critical to enforce any type of penalty system. 

 Proper equipment and tools should be used for topsoil placement. For example, heavy equipment 

can cause soil compaction, which hinders root growth and plant development. 

 

Specification Section 208 Erosion Control  

This specification section is directed toward temporary BMP installation, inspection, maintenance, and 

removal rather than establishment and proper placement of long term BMPs. It would be beneficial for 

CDOT projects to involve revegetation contractors in the on-site environmental pre-construction 

conference. At this meeting project issues and constraints, in regards to successful revegetation could be 

identified and discussed amongst the project group. An early on-site meeting would also give the SWMP 

designer the opportunity to meet the revegetation contractor and discuss the project. Soil stripping, 

stockpiling, placing, and preparation could also be discussed at this meeting. Having this discussion 

would get everyone on the same level of understanding, and would give the revegetation contractor the 

opportunity to identify problem areas, evaluate soils, and existing vegetation prior to mobilizing. Getting 

the revegetation contractor involved in the process would be beneficial if it was an experienced and 

reputable company.  

 

At the project walk-through and throughout the duration of the project, it is recommended that the 

permanent BMPs be inspected with the temporary BMPs by qualified/trained personnel for adherence to 

the specifications. Inspections throughout the duration of the project could provide valuable information 

to the project team, leading to adjustments in the revegetation approach. This would also provide the 

opportunity for the project team to discover poor workmanship, and have the revegetation contractor 

correct the work before the project is handed over to CDOT maintenance. 

 

Specification Section 212 Seeding, Fertilizer Soil Conditioner and Sodding  

Overall, these specifications cover basic regional revegetation practices and include discussions on 

timing, materials and standard rates. Additional revegetation information and design such as amendment 

rates and project specific seed mixes is typically provided on project plans. Listed below are topics that 

should be considered for incorporation into project planning and or specification Section 212: 

 

 The use of qualified contractors to perform revegetation would increase project success. The 

specifications have language directed towards the use of proper reclamation equipment, but the 

use of qualified personnel trained on proper reclamation equipment is also a critical factor in 

project success.  

 If proper soil testing and analyses were utilized, soil amendments would be decreased based on 

topsoil chemistry. Thus, up-front soil sampling expenses will reduce the cost of unnecessary 

amendments and provide a better native soil medium to increase vegetation establishment and 

success. Proper enforcement of topsoil handling and placement would play a key role in the 

success of topsoil salvaging and testing.  

 Amendment type and associated application methods should be considered when 

recommendations are identified by a soil scientist and or CDOT landscaping professional. In 

some cases, a topical application may be advantageous in contrast to the specified incorporation 

depth of 4” or 6”. Boilerplate soil amendment recommendations should be avoided within the 

SWMP reclamation plan, since, since this could lead to over or under application of amendments.  

o Fertilizers – Best used as a topical application to allow nutrients to move through the soil 

profile. 
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o Humates – Best used as a topical application 

o Mycorrhizae – Best applied next to seed (In a hydro seed slurry or with seed mix)  

 The use of soils amendments needs to be based on soils test results including organic matter 

content, N-P-K, electrical conductivity, soluble ions, pH, sodium absorption percentage, and 

percent of calcium carbonates. 

 It is very difficult to get standard agricultural equipment on 2:1 slopes to drill seed. A 2.5:1 slope 

should be the maximum slope for drill seeding and straw mulching. Drill seeding should not be 

accomplished on slopes steeper than 2.5:1 or anytime a seed drill has a tendency to slide down the 

slope while be towed behind a tractor. This results in improper seed placement. 

 Compaction is a major problem and needs to be addressed in the specifications and enforced in 

the field by trained personnel. Compacted areas should be ripped or tilled prior to topsoil 

placement and seed bed preparation. 

 Soil preparation as a required two-step process for tillage would improve seed bed specifications. 

Most times, ripping the soil surface only once is not adequate, and contractors often bid to do it 

just once. As a pay line item soil ripping per acre per pass might get better soil preparation and 

overall reclamation success.  

 Current seed plans appear to be based on regional vegetation zones or ecosystem communities. 

This practice may be too general to determine the appropriate seed mixture that should be utilized 

for site-specific vegetation communities. Often times, there is adequate information on electronic 

soil survey to determine vegetation typical of a soil mapping unit; however, performing a baseline 

species inventory to determine the existing vegetation communities on site is more desirable. The 

existing plant communities are already adapted to local site conditions and have a greater 

likelihood of survival following construction activities. 

 A review of several seed mixtures indicates that there has not been consideration for balancing 

the drill seed rate to an average of 50-60 seeds per square foot, which is an accepted standard in 

the western United States. There does not seem to be consideration given to balancing individual 

plant species in a seed mixture based on aggressiveness, difficulty in species establishment, seeds 

per pound, etc. The reviewed seed mixtures contained anywhere from 77 to 657 seeds per square 

foot. Distributing too few or too many seeds can be detrimental to plant establishment. An 

overabundance of seeds per square foot can lead to intense competition for water and nutrients 

that may not be available in the soil. This could negatively affect stand diversity or lead to 

eventual die off of the vegetation community. 

Specification 213-Mulching 

The mulching specification section covers basic mulching materials, methods, and practices. This section 

appears to provide adequate guidelines for contractors to follow; however, a few additions and corrections 

could make this section better. Inspection of material quantity and quality is critical when it comes to 

achieving proper coverage during mulching operations. Enforcement of crimping depth, straw/hay mulch 

length and overall quality of materials used would greatly increase the effectiveness of mulching on 

revegetation projects.  

 

 Description of proper crimping depth and equipment would give the inspectors something to 

enforce when performing and enforcing inspections. A crimped mulch should be firmly anchored 

into the soil. In some cases this might be 1 inch; in other cases it might be 2.5 inches.  

 Contractor must utilize a straw product that is no less than 6 inches in length in order to achieve 

proper crimping. 
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 Keeping up to date approved product lists would prevent substandard products from being used 

on CDOT projects.  

The above four sections of the CDOT Green Book have a foundation of specifications that should lead to 

project success, if properly inspected and enforced. There are some adjustments to the specifications that 

could be made that would help improve the current specifications and perhaps lead to greater project 

success. The addition of science-driven project special provisions and plans derived from on-site 

sampling and observation is critical to revegetation success and cost effectiveness. 

 

General Revegetation Recommendations 

Using the information collected during Tasks 1 and 2, the TerraLogic teams has compiled a listing of 

recommendations based on the observation and implementation of the CDOT revegetation process and 

information collected from numerous CDOT representatives. As articulated during the July 29, 2013 

study panel meeting, the main barrier facing CDOT regarding effective revegetation is the current CDOT 

revegetation implementation process (70% vegetative cover from baseline conditions) from contracting to 

final stormwater permit closure. Although researching new technologies and materials is important, the 

TerraLogic team feels it is equally, if not more, important for CDOT to identify gaps of effectiveness in 

the overall revegetation process. Not specifically identified within the scope of work under this research 

project, TerraLogic feels it is necessary to identify revegetation process recommendations that may go 

beyond the Green Book specifications. Some of these recommendations can be tested as part of a study 

project while some recommendations are not amenable to effective research approaches. The following 

are the TerraLogic team’s revegetation recommendations for CDOT consideration: 

 

 CDOT should consider using their Water Quality Training Program to develop 1-2 training 

modules on effective revegetation techniques; the training program should be focused to the 

CDOT project engineer and regional WPCM. 

 CDOT should have direct oversight of the contractor revegetation activities, especially during 

certain critical times such as seeding. Some CDOT regions use their regional WPCM only for 

contractor erosion control and ignore the revegetation specifications, while some regional WPCM 

do both types of oversight. There needs to be consistency in contractor oversight either by 

designed landscaping professionals or regional WPCMs. 

 There should be improved contractor oversight prior to and during seeding and mulching. Proper 

soil preparation such as soil ripping and seedbed preparation and technically based amendments 

should be verified by CDOT before seeding commences. 

 There should be a discussion early in the project regarding the technical approach and CDOT 

expectations about the proposed revegetation plan developed by the contractor within the CDOT 

SWMP manual; the revegetation plan should be more detailed within the CDOT SWMP (goals, 

objectives, actions and strategies, performance measures, monitoring, corrective actions, 

responsibilities). 

 There should be a CDOT representative present during seeding to direct and answer questions 

from the contractor; this will avoid the potential of the contractor short circuiting the CDOT 

revegetation process. 

 CDOT should consider having a revegetation certification process in which only qualified 

contractors can be used on CDOT projects. 

 There should be consistent interpretation, understanding and measurement of the percent-

vegetative ground cover; it is possible that the background measurements could be overestimated 

by counting non-native or noxious weeds in the calculations. 
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 The revegetation process should be monitored at least annually to identify potential revegetation 

problems and the need for re-seeding or other corrective actions. 

 High risk revegetation contractors should be identified and closely monitored for specification 

and process compliance. 

 Provide financial incentives to contractors to achieve 70% vegetative cover perhaps using annual 

milestone requirements or other performance measures; this action could be a very cost effective 

incentive to contractors. 

 Proper topsoil management is important especially when imported topsoil is not allowed by 

CDOT and the quality of existing soil is unknown.  

 Evaluate each CDOT region’s eco-zones and project specific plant species to evaluate seed 

selection.  

 Identify creative contract vehicles or mechanisms that place more responsibility on contractors 

for revegetation success.  

 Develop project specials and plans that complement the Green Book specifications and give the 

designer the opportunity to customize the revegetation process. Stay away from boilerplate 

solutions as much as possible. This would allow for the application of alternative revegetation 

practices such as soil pitting or the addition of custom soil amendments for challenging sites. 

 Have topsoil sampling, analysis, and planning, which is should be performed preferably under the 

supervision of a Certified Professional Soil Scientist, as a requirement in plans or specifications. 

 If soil amendments are specified, make sure the most effective application of the amendments is 

spelled out in the project specifications or revegetation plans. 

 Conduct periodic monitoring of seedling density and plant establishment on the project, and keep 

records of data for future reference.  

 Seed mix design and inspection should be performed by a qualified revegetation contractor. 

 

Revegetation Cost Effectiveness 

It has been demonstrated by research based studies that it is very cost effective to perform site 

revegetation (reclamation) correctly the first time as opposed to revegetating after plant failure. Western 

States Reclamation’s David Chenoweth developed a paper entitled “The Economic Benefits of Completing 

Reclamation Successfully The First Time for Oil and Gas Cites” for the International Erosion Control 

Association (February 18, 2010). This paper is provided as Attachment A. It was determined that for oil 

and gas well sites, over 50% cost increases over initial revegetation cost, equating to an additional 

$20,000-$40,000 can result for revegetation sites that failed. This cost does not account for additional 

environmental management and consultant costs, and potential stormwater fines. The direct costs 

associated with revegetation failures include the following: 

 

 Retrieving sediment that has mobilized off site 

 Replacing sediment in washout areas/replacement of lost topsoil 

 Re-grading 

 Re-seeding 
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 Replacement of impacted BMPs  

 Extending the duration of weed management activities 

 Additional maintenance costs 

It was determined that for oil and gas facilities, the most common revegetation failures are associated 

with three factors; the lack of available, quality topsoil, the lack of implementing stormwater best 

management practices (BMPs) and the lack of clear, upfront revegetation design and follow up 

performance supervision. The critical factors for successful revegetation include the following: 

 

 Initial planning and site surveys 

 Topsoil placement and re-grading 

 Seed mixture design 

 Seeding methods 

 Mulch and erosion-control fabrics 

 Stormwater BMPs  

 Proper maintenance and monitoring  

Many of these issues are previously discussed above in TerraLogic team’s revegetation recommendations.  
 

Table 1 
Main Phone Contact List 

Innovative Revegetation Study (July 26, 2013) 

Kansas: Jason Van Nice - 785-368-7263 Contacted 

Kansas -Scott Shields -785-296-4149   Contacted  

CALTRANS - 916-654-5266 Contacted 

Utah - Terry Johnson 801-633-1327  Contacted  

Andrew Stecklein –R2-719-227-3264 Contacted  

Steve Mulqueen - 303-757-9138 Not Contacted originally, contacted 
later 

Gary Spinuzzi – R3- 970-683-6254 Left messages 

Mike Vanderhoof-R3 Left Message 

Chuck Attardo-R1 Contacted 

Michael Doyle – R1-720-497-6917 Not Contacted  

Jennifer Klaetsch –R3-303-757-9481 Contacted 

James Walker –Maintenance (303)512-5506 Contacted 

Tyler Weldon -Maintenance(303)512-5503  Contacted  

Jennifer Gorek –R4- 970-350-2264 Contacted 
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Mike Banovich EPB Contacted 

Fran Mallonnee R5 Contacted  

John Samson-Wyoming Contacted  

William Hutchinson- New Mexico  Contacted 

Ron Poe-Nebraska Contacted 

Susie Hagie-R1 Information received from 4/11/13 
memo to Bryan 

Belinda Arbogast R1  Contacted 

Tripp Minges-EPB Contacted 

Tom Boyce-EBP Contacted 

Sonya Erickson-R2 Contacted  

Lisa Streisfeld-R2 Contacted  

Cliff Corwin-R1 CDOT Maintenance Contacted 

David Weider-CDOT Maintenance Superintendent  Email exchange 

Phillip Anderle R 4 Maintenance Contacted 

Ed Gentry R4 Maintenance Contacted  
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Appendix B: Alternative Analysis of Potential Research Variables  

(Tables B-1 through B-4) 

Available on Final Report Appendices CD. 
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Appendix C: Field Testing and Methodology Plan and Construction Revegetation Quality 

Control Checklist Tool 
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Research Plan Abstract 

 
Identification and testing of critical revegetation variables is an import process to determine which variables could 

increase revegetation rate and success. The TerraLogic team identified revegetation variables that have been shown 

as important for revegetation success. The identification of major critical revegetation variables was conducted 

during the literature review process (Task 1/2). Once the potential variables were identified through the literature 

review process, an alternatives analysis was conducted to select the most promising revegetation variables that will 

be tested in the field trials. 

 

The alternatives analysis was a straight forward process that obtained input from the CDOT project manager and 

study panel members. Revegetation variable identification began during the literature review process. At the end of 

Task 1 and 2 the universe of potential variables was identified. The TerraLogic team ranked the variables based on 

revegetation founded criteria. The TerraLogic team then worked with the CDOT project manager and study panel 

members to finalize the selection of research variables that will be evaluated during the field trials.  

 

The alternatives analysis was conducted on selected variables that are relevant to the Colorado environment, and 

have the potential to enhance CDOT’s revegetation practices. The alternatives analysis identified 12 different 

treatment variables that were evaluated for ultimate field study. Based on the criteria below, 3 three research 

variables were selected 

 

 Availability 

 Cost 

 Sustainability 

 Proven within other locations 

 Scientific validity  

 Practicality 

 Statewide application  

 Resource consumption 

 

 

At the conclusion of the alternatives analysis (Task 3) the TerraLogic team developed this Field Testing and 

Methodology Plan to accurately test the selected research test variables. This plan will be developed and 

implemented by the TerraLogic team to obtain the goals and objectives of the Innovative Revegetation Project. 
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Final 

Innovative Revegetation 

Field Testing and Methodology Plan 

 

 

1.0 Introduction  

 
The research variables selected for field study under the Innovative Vegetation Practices for Construction Sites 

(Innovative Revegetation Project) was a result of an extensive alternative analysis that involved both the CDOT 

study panel and the TerraLogic team. The selected research variables (tasks), which are now called research tasks, 

complement the stated goals and objectives of the overall research study: 

• Identify and test a series of revegetation variables that upon utilization will reduce the 

revegetation/stabilization time necessary to deactivate the CDPHE construction stormwater permit 

• Reduce the CDOT financial and professional resources for stabilization management 

• Identify practices that can be of immediate use to CDOT statewide 

• Reduce CDOT overall construction stormwater risk and liability  

 

The selected research tasks for the Innovative Revegetation Project include: 

 Salvage Soil Management- The working hypothesis is that improved plant revegetation can be achieved if 

nutrient and organic amendment concentrations of topsoil are known. Instead of using template nutrient and 

organic amendments to salvaged topsoils, better growth and cost effectiveness can be achieved by adding 

only what nutrient/amendments are actually needed to promote effective revegetation. Analytical soil 

testing will be performed at active construction sites to assess nutrient/amendment needs and identify cost 

savings. 

 Construction Revegetation Quality Control- The working hypothesis is that the CDOT revegetation process 

is not being followed; and therefore the lack of compliance is negatively affecting the rate and quality of 

revegetation. Field quality control (QC) evaluations using a field revegetation checklist at active CDOT 

construction projects will be used to assess process compliance and gaps. This hypothesis is based on 

information gathered during Task 1 and 2 of the Innovative Revegetation Project (See Attachment 1). 

 Forensic Revegetation Analysis- The working hypothesis is that improved revegetation will occur if 

Contractors follow specifications and contract requirements. The project will go to former construction 

sites throughout different eco-regions and review and evaluate reclamation efforts and performance. These 

project sites have followed CDOT revegetation specifications or have well documented revegetation 

methods according to CDOT representatives. The Innovative Revegetation Project will determine what 

revegetation elements have worked and what have failed at selected sites throughout Colorado. 

 

 

2.0 Research Variable Alternative Analysis Screening Process  

 
Tasks 1 and 2 were involved with performing secondary research on new and innovative ways to revegetate 

construction sites. The purpose of this type of literature search and informational gathering was to identify the 

“universe” of potential test variables for field research studies. To this end, the TerraLogic team identified and 

compiled over 50 potential research variables that were associated with the CDOT revegetation (Attachment 2). 
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These potential revegetation research variables fall into two basic categories; CDOT revegetation process and 

research based technical soil chemistry to plant relationships. The test variables that were developed and considered 

by the TerraLogic team were obtained from professional literature, conversations with CDOT professionals and 

DOT landscape professionals from neighboring states (Attachment 1). 

 
The second part of the alternative analysis involved the TerraLogic team presenting the “universe” of potential 

research variables to the CDOT study panel. The study panel members were asked to each select their top five 

research variables for field study. In addition, each of the TerraLogic team members also selected their top 5 

research variables. 

 

The third step involved the TerraLogic team consolidating the CDOT study panel priority variables to the top 12 

research variables for field study. The TerraLogic team then independently prioritized the top five potential 

research variables and provided CDOT field study recommendations (Attachment 3). The criteria used by 

TerraLogic to select the top five involved the following: 

 

 Availability 

 Cost 

 Sustainability 

 Proven within other locations 

 Scientific validity  

 Practicality 

 Statewide application  

 Resource consumption 

 

The last step involved a CDOT study panel meeting in which TerraLogic discussed in detail the top 12 research 

variables and their top five recommendations. TerraLogic provided rough costs estimates for each of the top five 

research variables. The CDOT study panel was asked to use all the accumulated information and recommendations 

to select the final three research variables that will be field tested by the TerraLogic team. 

 

The following discusses in detail the proposed Innovative Revegetation Project’s Field Testing and Methodology 

Plan (the Plan). It identifies the process and test methodologies that will be taken by the TerraLogic team and 

CDOT representatives for the three selected research tasks: 

1. Construction revegetation quality control 

2. Salvage soil testing and analysis 

3. Forensic revegetation analysis 

 

 

3.0 Construction Revegetation Quality Control  

 
Quality control is a critical element in any process orientated activity; it is the fundamental component of 

continuous process improvement. Quality control ensures product reliability, sustainability, and maintenance of 

high quality. The process of quality control within the revegetation context is to outline the CDOT process, identify 

quality actions (specifications) and identify verification elements (see Attachment 4). These verification elements 

are the most critical links in the process and need to be visually verified to ensure overall process quality.  

 

Based on the information gathered in Tasks 1 and 2 and summarized in the Task 2 Technical Memorandum, the 

working hypothesis is that the CDOT revegetation process is not being followed, and a lack of compliance is 

affecting the rate and quality of revegetation. If this hypothesis is true, significant amount of resources, time, and 

money, are being inefficiently used to revegetate project locations, and an unnecessary amount of environmental 

liability is being managed by CDOT maintenance. 
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A process based quality control approach will be used on existing-active construction sites that will be performing 

revegetation actions. A formalized Construction QC Revegetation Checklist will be used by the TerraLogic team to 

evaluate and document compliance with CDOT specifications.  

 
The CDOT study panel technical leader, Mike Banovich, has selected active construction sites for QC analysis. The 

TerraLogic team will coordinate with CDOT representatives to visit active construction sites through the 

construction and revegetation phases of the projects.  

 

Field Quality Control Approach 

 

The following is the process that will be used by the TerraLogic team on performing and assessing CDOT 

Construction Revegetation Actions for the Innovative Research Project: 

 

1. Selection of Active Construction Projects- CDOT has selected five active construction projects that will involve 

at a maximum of three site visits each during construction-site revegetation. The sites that were selected were based 

on construction project complexity and diversity, CDOT regions, revegetation challenges, and project willingness 

for participation in the QC process. Table 1 provides a summary of the active construction sites that will be visited 

by the TerraLogic team. If the study panel determines that different project sites better meet the goals of this 

project, sites may be substituted so long this does not significantly alter costs, e.g. extended travel times. 

TerraLogic will periodically communicate with the technical leader, Mike Banovich, regarding any site changes.  

 

2. Development of Field Construction QC Checklist- a field construction QC checklist has been developed that will 

used as a tool to assess revegetation compliance to CDOT specifications and recommended procedural changes 

identified in the Task 2 Technical Memorandum (Attachment 4). This checklist tool will be used and refined during 

the QC process such that a final revegetation QC tool can be developed as a final deliverable for this project. The 

checklist contains control actions that are from CDOT specifications and those identified as recommendations in 

Task 2 Technical Memorandum. It is envisioned that this tool will be used by project engineers, maintenance 

representatives, landscape professionals and regional water pollution control managers (WPCM) for construction-

revegetation projects.  

 

3. Site Visits to Construction Sites- there will be a maximum of three site QC visits performed by the TerraLogic 

team for each identified site. The team will attempt to visit the site at critical times and stages in the revegetation 

process identified as Verification Points in the Field QC Checklist. These Verification Points include control action 

such as but not limited to seed selection, soil amendment addition, seeding application, mulch application, and plant 

growth monitoring, etc. During the field QC studies, soil samples from surface soils and/or salvaged soil piles will 

be collected (see Section 4.0). The TerraLogic team may collect additional soil samples within the Project area or 

within a reference site. The site visits will be coordinated by the CDOT study panel technical lead or his designee to 

allow TerraLogic team site access. The TerraLogic team may ask the project engineer or contractor for specific 

information and documentation to verify quality control actions. 

 

4. Results Compilation and Analysis- an Excel database will be developed for all the visited construction projects 

visited during the field QC study. The database will be reviewed and assessed for QC compliance, process gaps, 

and potential CDOT specifications or actions that provide limited or no value to the revegetation process. The 

results and analysis of the overall QC field study will be provided in the final research report. For project 

confidentiality, the final report will not mention the actual project name or the project engineer; the project location 

may be identified in the report if it is relevant to the research findings, but anonymity will be preserved where 

possible. 

 

5. Follow Up Construction QC Info & Survey- The CDOT study panel anticipates a potential need for the 

TerraLogic team to obtain additional information or documentation from the project engineer or contractor, after 

the field visits are complete. This may include confirmation of results documented via observation; comparison of 
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survey answers vs. actual observations; or new questions raised by the QC process, or other. If there are consistent 

questions that need to be asked to all project engineers, a process such as a web-based survey (Survey Monkey) 

may be used to obtain necessary information or specific questions may be asked to specific projects via the CDOT 

Project Technical Lead to the project engineer(s). 

 
6. Project QC Documentation- Completed Field Revegetation QC Checklists along with photo-documentation, 

project notes and correspondences will be part of the project file and given to CDOT at the end of the project. 

Results will also be described and discussed in the final report. It is important to mention that the information 

gained from this field QC study may be used by CDOT to develop a statewide revegetation survey to project 

engineers and maintenance and environmental representatives for a future study.  
 

Table 1 
Construction QC Revegetation Locations 

 
Project Location/CDOT Region Project Delivery Project Type 

Southern Urban 

Foothills 

Region 2 Design-Build Lane addition 

Eastern Plains  Region 4 Bid-Build Lane and bridge 
addition 

East Urban Metro Region 1 Bid-Build Lane and bridge 
addition  

Mountain Corridor Region 3  Bid-Build Interchange 

Urban Corridor Region 1 Design-Build Lane and Bridges- large 
corridor project 

 

 

4.0 Salvage Soil Testing and Analysis 

 
The objective of the salvage soil and testing task is to determine if topsoil salvage can be used to decrease total 

reclamation costs and improve soil conditions to enhance reclamation success. Soil testing will be conducted at 

active construction sites with varying on-site topsoil salvage strategies and conditions including: 

 No topsoil salvage (0 to 18 inches) 

 Uniform pre-defined topsoil salvage depths (0 to 6 inches) 

 NRCS soil survey topsoil salvage depths 

 Field verified topsoil salvage depths 

 

Working Hypothesis 

 

 Salvaging topsoil from the ROW prior to construction at the correct depth will decrease overall 

revegetation costs. 

 Prior to construction, salvaging topsoil at the correct depth from the ROW will improve seed bed soil 

chemistry and provide improved conditions for revegetation success. 
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Overview of Field Task Approach 

 

The team will visit construction sites to collect topsoil samples for laboratory analysis and evaluate topsoil salvage 

techniques. At each site, the TerraLogic team will collect samples that represent the no salvage, uniform salvage, 

NRCS salvage, and field verified salvage methodologies. During the site visit the team will collect soil samples as 

described below for each topsoil salvage methodology (Figure 1):  

 

 No Salvage Alternative Sample- These samples will represent the no salvage alternative. Upon review of 

the each identified site, the TerraLogic team will identify how and if topsoil was salvaged. If it is 

determined that topsoil was not salvaged, soil samples will be obtained from the mixed (topsoil and 

subsoil) soil stockpiles identified (Figure 1). From the identified mixed soil stockpiles five grab samples 

will be obtained and placed in a plastic bucket. Once all the subsamples are collected the collected soil will 

be thoroughly mixed and approximately one gallon of material will be placed in a plastic bag and delivered 

to the laboratory for analysis. 

 

In areas where topsoil salvage was performed, or construction has not been started, or soil has been 

replaced, soil samples will be collected from undisturbed areas within the ROW (Figure 1). Within the 

undisturbed areas five to ten subsamples will be collected using a handheld soil probe to a depth of 18 

inches and composited. Once all the subsamples are collected the soil will be thoroughly mixed and 

approximately one gallon of material will be placed in a plastic bag and delivered to the laboratory for 

analysis. These samples will provide an estimate of the soil chemistry for topsoil mixed with subsoil from 

the project site. 

 

If soil stockpiles exist, and it is confirmed that topsoil salvage was not performed, composite soil samples 

will be obtained from the stockpiled soils. If correct soil stockpiling has occurred, and the team cannot 

confirm topsoil salvage methodology, then samples (0-18 inches) will be obtained from non-disturbed 

surface soil areas within the project area ROW.  

 

 Uniform Topsoil Salvage Sample- Upon review of the each identified site the TerraLogic team will 

identify how, and if, topsoil was salvaged. If it is determined that topsoil was salvaged according to CDOT 

specifications, soil samples will be obtained from the identified topsoil stockpiles located on the site 

(Figure 1). From the identified topsoil stockpiles five grab samples will be obtained and placed in a plastic 

bucket. Once all the subsamples are collected the soil will be thoroughly mixed, and approximately one 

gallon of material will be placed in a plastic bag and delivered to the laboratory for analysis. 

 

In areas where topsoil salvage was not performed according to CDOT specifications, or construction has 

not been started, or soil has been replaced, soil samples will be collected from undisturbed areas within the 

ROW (Figure 1). Within the undisturbed areas, five to ten subsamples will be collected using a handheld 

soil probe to a depth of six inches and composited. Once all the subsamples are collected the soil will be 

thoroughly mixed, and approximately one gallon of material will be placed in a plastic bag and delivered to 

the laboratory for analysis. These samples will provide an estimate of the topsoil soil chemistry from the 

project site. The collection of non-disturbed samples will be used to represent the no salvage alternative 

when top soiling was completed properly. This collection method will allow for the comparison of all 

salvage alternatives at all sites.  

 

 NRCS Salvage Sample- Soil samples will be obtained at depths suggested by the NRCS soil 

survey for the project site. The NRCS soil survey will be reviewed to determine appropriate 

topsoil salvage depths based on soil mapping units. Soil samples will be collected from 
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undisturbed areas within the ROW. Within the undisturbed areas, five to ten subsamples will be 

collected using a handheld soil probe to a recommended depth and composited. Once all the 

subsamples are collected the soil sample will be thoroughly mixed, and approximately one gallon 

of material will be placed in a plastic bag and delivered to the laboratory for analysis. These 

samples will provide an estimate of the topsoil soil chemistry from the project site. The NRCS 

soil survey data is intended to increase topsoil salvage depth accuracy while at the same time not 

having to add additional field time and expense. It is possible that some project sites may not 

have a completed or available NRCS soil survey. In those situations no soil samples will be 

obtained for this scenario. 

 Field Verified Salvage Sample-Soil samples will be collected from depths identified by the soil 

scientist in the field within undisturbed locations of the ROW at each identified project site. The 

soil scientist will identify the depth of the topsoil in the field based on morphological features 

and genetic horizons at 5 locations at each project site. Once the topsoil is identified soil samples 

will be obtained to the appropriate depth using handheld soil probes or a shovel. Once all the 

subsamples are collected, the collected soil will be thoroughly mixed and approximately one 

gallon of material will be placed in a plastic bag and delivered to the laboratory for analysis. 

These samples will provide an estimate of the actual topsoil soil chemistry from the project site.  

 

Figure 1 

Stockpiled Soil Sampling Strategies 
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Once the appropriate soil samples are collected, the samples will be delivered to the qualified laboratory for 

analysis. Soil samples will be analyzed for the parameters as defined in Table 2 below: 

 

Table 2 

Analytical Testing Parameters for Soil Samples 

MEASUREMENT  Extraction Method  Analysis Method  

pH, Saturated Paste  ASA Mono. #9, Part 2, Method 10-3.2  pH Meter  

Conductivity (EC), saturated paste ASA Mono. #9, Part 2, Method 10-3.3 Conductivity Meter 

Saturation Percentage  USDA Handbook 60, Method 27A  N/A  

Calcium (Saturated Paste) ASA Mono. #9, Part 2, Method 10-2.3.1  E6010B/E6020 

Magnesium (Saturated Paste ASA Mono. #9, Part 2, Method 10-2.3.1  E6010B/E6020 

Sodium (Saturated Paste) ASA Mono. #9, Part 2, Method 10-2.3.1  E6010B/E6020 

Sodium Adsorption Ratio (SAR)  ASA Mono. #9, Part 2, Method 10-3.4  E6010B/E6020  

Texture Includes % sand, silt, clay ASA Mono. #9, Part 1, Method 15-4 Pipette  

Lime as CaCO3 USDA Handbook 60, Method 23C  Titration 

Plant Available Phosphorus ASA Mono. #9, Part 2, Method 24-5.4 Colorimeter 

NH4-N 

Methods of Soil Analysis, Part 3. Chemical 

Methods. Chp 38 Nitrogen–Inorganic 

Forms 

Colorimetric 

NO3-N 

Methods of Soil Analysis, Part 3. Chemical 

Methods. Chp 38 Nitrogen–Inorganic 

Forms 

Colorimetric 

Available Potassium Soil & Plant Analysis Council Method 7.3 Atomic Absorption 

Organic Matter Soil & Plant Analysis Council Method 13.2 LOI 

 

In addition to the laboratory analysis, the following field tests will be conducted to assist in the topsoil salvage 

evaluations: 

 Field texture 

 Effervescence  

 % coarse fragments  

 

It should be noted that surface soils and/or salvage pile samples will be collected at the same CDOT selected 

projects for the Construction Revegetation Quality Control Task (Table 1). 

 

Data Management and Analysis 

 

The goal of the field testing and laboratory analysis is to identify soils that have chemical characteristics that are not 

conducive to revegetation success. The analytical testing and field data will be reviewed to calculate recommended 

soil amendments to promote efficient and successful revegetation. The laboratory and field data will be compiled in 

an Excel spreadsheet and presented in the final report in tables and figures. The data will be utilized to create cost 

comparisons for each particular topsoil salvage methodology used by the contactor. Results will also be described 

and discussed in the final report. 
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It should be noted that all soil samples will be collected using standard scientific methodology, and direct 

comparisons and trends may be identified through the data analysis. However due to a lack of replication 

and a true experimental design (due to budget constraints), statistical analysis of the results will not be 

completed. Although statistical analysis will not be completed, the data will be reviewed to identify 

techniques and approaches that have had better success at multiple locations and those top soiling 

techniques that CDOT may further explore as funding becomes available. 
 
 

5.0 Forensic Revegetation Analysis  

 
The objective of the forensic revegetation analysis is to determine the revegetation processes and crucial growth 

variables that had success on historical construction sites. This task will compare the methods used across CDOT 

regions to determine if consistent revegetation variables impact reclamation success. 

 

Working Hypothesis 

 

Improved revegetation occurs at construction sites if contractors follow CDOT specifications and contract 

requirements. Reclamation success between CDOT regions can be attributed to correctly implementing CDOT 

specifications. Certain critical revegetation variables control reclamation success throughout most CDOT regions. 
 

Overview of Field Task Approach 

 

Previously revegetated sites will be visited, and data will be collected regarding topsoil characteristics, vegetative 

cover and composition, site topographic position and orientation, hydrology, and roadway design. This data will be 

analyzed and interpreted to determine whether or not sites have been revegetated successfully. The team will then 

compare site conditions and specifications to determine if reclamation success is directly related to certain variables 

or to following predefined specifications. 

 

Forensic Field Study Locations 

 

Table 3 contains the locations selected by the study panel technical lead, which will be evaluated by the TerraLogic 

team. If the study panel determines that different project sites better meet the goals of this project, sites may be 

substituted so long this does not significantly alter costs, e.g. extended travel times. TerraLogic will periodically 

communicate with the CDOT study panel leader, Mike Banovich, regarding any site changes. 

 

 

Table 3 

Forensic Analysis Locations 

 

Project Location/CDOT Region Topography 

US-40 Berthoud Pass (Phase I) Empire/Region 1 Mountain 

US-40 Berthoud Pass (Phase II) Empire/Region 1 Mountain 

US-285 (Phase II) Conifer/Region 1 Foothill  

I-25 TREX (Yale and or University) Denver/Region 1 Urban 

North Powers Extension  Colorado Springs/Region 1 Urban 

US 85 Titan Road Region 1 Rural  
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Site Characteristics 

 

At each project site the TerraLogic team and CDOT representatives will evaluate the general site conditions based 

on historical data and site conditions including, but not limited to: 

 

 Reclamation history 

 Specifications 

 Seed mix 

 Location 

 Production 

 Aspect  

 Slope  

 Topographic position  

 Site stability 

 Geology 

 Hydrological characteristics (drainage, run-on/run-off)  

 Ecological habitat continuity 

 Roadway design elements 

 

These site parameters will be used to assist in the data interpretations and allow for comparisons between sites. 

Vegetative Characteristics 

 

At each individual site, vegetative cover and composition will be assessed using line-point intercept transects 

placed at five representative locations throughout a revegetated area and five representative locations in the 

adjacent off-ROW reference area. Sites will be selected during the field data collection visit by the TerraLogic team 

or by a qualified CDOT field representative.  

Line-point intercept methods will follow USDA ARS 2005 with the exception that only vegetation will be assessed. 

Plants will be identified to species level where possible. Each transect will be 100 feet in length, with data collected 

every 10 feet starting at the “10 foot ” location, and 10 data points collected along each transect. This will result in 

the collection of data at 50 points in revegetated areas and at 50 points in off-ROW areas for each site. All data will 

be recorded on standardized field data sheets. CDOT will provide a plant identification specialist to support this 

work. 

Qualitative characteristics of identified dominant vegetative species will also be recorded on data sheets for each 

previous construction site. This will include notes on phenology (stage of vegetation growth, i.e., rosette, 

vegetative, flowering, fruiting, dehiscent), evidence of grazing or herbivory, overall health of individuals, native 

plant abundance and ecological continuity. 

Soil Characteristics 
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Soil will be evaluated in the field using standard field sampling methodology. At the site the topsoil depths will be 

described to a maximum depth of 12 inches. Key features will be identified including: 

 Texture 

 Structure 

 Effervescence  

 Color  

 Redoximorphic features (pigment color formed by the oxidation/reduction of Fe and/or Mn)  

 Roots 

 

In addition field measurements for pH and EC will be obtained from the topsoil layers. All field measurements will 

be conducted on a 1:1 (v/v) water to soil ratio. This analysis method will allow for quick and uniform sampling 

throughout the identified project sites, and allow for comparisons between sites. All data will be recorded on field 

forms during the site visit. Soils will be evaluated from both the ROW and adjacent off-ROW reference sites 

positions. If necessary, soil samples will be collected for laboratory testing for parameters identified in Table 2. 

 

Data Evaluation  

 

Data will be reviewed based on site specific conditions and field data collected. Review will be conducted based on 

historical reclamation practices and current vegetative states. The team will not review weather data trends during 

the reclamation process, but recognizes that such environmental factors are factors in revegetation success or 

failure, potentially limiting the conclusions drawn from such forensic analysis. Trends in the data will be evaluated 

through tables and figures. The data evaluation and results will be discussed in the final research report. 

 
 
5.0 Statewide Survey of Resident Engineers  

 
The three main tasks of the study plan (Salvage Soil Management, Construction Revegetation Quality Control, and 

Forensic Revegetation Analysis) are expected to identify or confirm trends that contribute to slow or ineffective 

revegetation. Based on those trends, a survey will be sent (via the CDOT study panel) to a group of engineers 

statewide, likely the CDOT design / construction resident engineers. The goal of the survey is to determine how 

widespread these trends are in CDOT outside of the selected sites described above, and to allow the TerraLogic 

team and the study panel the opportunity to make inquiries which may lead to further study outside of the scope of 

this project. 

 

The TerraLogic team will write the survey questions (no more than 25) and submit them to the study panel for 

review. Once the survey is finalized, the questions will be sent to resident engineers by CDOT, likely with the aid 

of a web-based form such as Survey Monkey. CDOT staff will assist with the Survey Monkey process. The results 

of the survey will be compiled and tabulated in a simple descriptive manner, compared with other results from this 

research project, and recommendations regarding the results will be made (including the potential for 

recommendations for further research). Statistical analysis will not be completed due to lack of replication; 

however, the trends will be thoroughly evaluated and referenced through the data analysis section. 
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Appendix D: Field Visit Observation Summary Reports (D-1 through D-5) 

Available on Final Report Appendices CD. 
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Appendix E: Construction Revegetation QC Database (E-1 through E-5) 

Available on Final Report Appendices CD. 
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Appendix F: Pages extracted from “Monitoring Manual for Grassland, Shrubland 

and Savanna Ecosystems, Volume I: Quick Start 
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Appendix G: Forensic Field Study Database (G-1 through G-5) 

Available on Final Report Appendices CD. 

 



 

H-1 

Appendix H: Revegetation Survey of CDOT Construction Project Engineers-Results 
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Appendix I: Water Quality Permit Transfer to Maintenance Punchlist 
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Appendix J: Economic Benefits of Completing Reclamation Successfully the First Time for Oil 

& Gas Sites 
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Appendix K: Revegetation Monitoring and Inspection Tool 
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Appendix L: Assessment of CDOT Revegetation Practices for Highway Construction Sites-

Implementation Plan Framework 
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Assessment of CDOT Revegetation Practices for Highway Construction Sites 
Implementation Plan Framework 

 
Section 4 of Assessment of CDOT Revegetation Practices for Highway Construction Sites Report provides a list of 
revegetation conclusions and recommendations based on the ease of implementation, cost and time efficiency and 
environmental and compliance risk (See Table 4a). The implementation of these recommendations will provide a high 
probability that the overall CDOT revegetation process will improve, and meet the goals of this research study listed 
below.  
 

 Provide a list of potential revegetation practices that CDOT can implement 

 Categorize the potential changes based on risk and timeframe required to implement those changes.  

 Identify and evaluate a series of revegetation practices for construction sites that will significantly reduce the 
revegetation time necessary to achieve Construction Stormwater Permit deactivation and sustainable site 
stabilization 

 Evaluate revegetation practices that could reduce the amount of financial and professional resources needed for 
environmental compliance, monitoring and protection 

 Identify revegetation practices that take into account and consider potential climate change conditions for 
sustainable site stabilization 

 Identify and recommend revegetation practice improvements and enhancements that can be of immediate use 
within all CDOT regions 

 
Table L-1 provides a framework for developing an implementation plan to execute many of the recommendation 
provided in Section 4. This implementation plan framework provides a step-wise approach toward developing an overall 
comprehensive implementation plan. The framework contains the following components: 

 Sequence of Actions 

 Action 

 Responsible Party 

 Date Initiated 
 Expected Date Completed 

 
It will not be possible to immediately implement all of the recommendations provided in Section 4 (Table 4.1). It will 
require a coordinated effort among numerous CDOT representatives and regions to identify the recommendations that 
address the most overall risk to CDOT.  It will also require support from upper CDOT management; therefore, it is 
important to find and leverage off of a Program Champion.  This Program Champion could be the Superintendent of 
Maintenance who may have a great interest in the costs associated with revegetation re-work.  
 
This implementation plan should follow and Environmental Management System (EMS) approach using the Plan-Do-
Check-Act methodology. Initially, this implementation plans should be reviewed and revised as needed by the CDOT 
Program Champion on a quarterly to every 6 months basis to assess program progress and success.  
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Table L-1 Highway Construction Sites Implementation Plan Framework 

 
Sequence 

of Actions 

Actions Responsible 

Party 

Date 

Initiated 

Expected Date 

Completed 

1 Find a champion that will oversee the 

progress of this Implementation Plan  

EDU Manager   

2 Establish a meeting with CDOT 

Maintenance Superintendent, RTDs and 

Program Engineers to resolve issue of 

competing interests 

HRED Manager/ 

EDU Manager 

  

3 Work with the CDOT Water Quality 

Advisory Committee in developing a Post 

Construction Program; revisit punchlist 

and maintenance role  

HRED Manager   

4 Develop a revegetation training program 

for CDOT and subcontractors on CDOT 

specifications and processes  

HRED Manager   

5 Develop new or revised specifications that 

identify revegetation responsibilities  

EDU Manager   

6 The Ecological Design Unit  (EDU) 

develops a list of priority issues to 

implementation based on risk elements; 

develop performance metrics 

EDU Manager   

7 EDU develops and provides a presentation 

to upper CDOT Management on critical 

issues for revegetation success; gain 

support  

EDU Manager   

8 Develop a marketing plan or approach to 

sell high priority issues to regions and 

engineers 

EDU Manager   

9 Identify existing, new or hire revegetation 

specialists to directly monitor contractors 

at critical revegetation times.  

HRED Manager/ 

EDU Manager 

  

 

10 

Coordinate with CDOT Water Quality 

Advisory Committee members or other 

representatives to revised SWMP 

requirements. Develop a template outline 

for required  project specific landscape 

design plans 

EDU Manager   

11 Monitor performance metrics and evaluate 

success; use adaptive management 

approaches; coordinate with Champion 

EDU Manager   

 


