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EXHIBIT A 
SCOPE OF SERVICES 

MnDOT Contract No. 99008 Work Order No. 243 

IRON-ENHANCED SWALE DITCH CHECKS FOR PHOSPHORUS REMOVAL 

BACKGROUND 
Swales and/or drainage ditches for linear road projects have excellent potential for stormwater treatment. They can infiltrate 
water into the soil, filter sediments and associated pollutants out of the water, and settle solids to the bottom of the swale. 
Currently, however, there is little information that can be used to gain pollution prevention credits with the Minnesota Pollution 
Control Agency (MPCA), and meet permit requirements. This research will measure the performance of iron-enhanced ditch 
checks in roadside swales as a novel stormwater treatment system developed specifically for capturing phosphate and toxic 
metals from roadway runoff in both urban and agricultural environments. Permeable check dams enhanced with iron filings 
have been developed and tested in the laboratory through a project funded by the Local Road Research Board (LRRB), and 
check dams have been designed and built through a project funded by the MPCA. The long-term effectiveness of these new 
enhancements, however, is yet to be investigated. This research will: 1) document the field performance of an iron-enhanced 
swale ditch check for three years; 2) determine the dissolved phosphorus and metal retention in the filter insert and in the entire 
ditch check; and 3) identify maintenance needs of the ditch check. Results from this study can be used to design treatment 
practices for use along roadways throughout Minnesota and the United States. Results can also be used to estimate load 
reductions in Total Maximum Daily Load studies for future installations of iron-enhanced swales. 

OBJECTIVE 
Dissolved phosphorus loads, introduced by runoff, are impairing the water quality of lakes and streams in several locations in 
Minnesota. With current stormwater practices capturing little or no dissolved contaminants, new technologies must be 
developed and tested to make significant improvements to water quality. There are indications that a ditch check amended with 
iron will provide significant particle, phosphate and dissolved metal removal from storm runoff and retention in the filter 
material. The proposed research will document the field performance of an iron-enhanced swale ditch check. The research will 
therefore result in: 
l. Reduced Environmental Impacts: Iron-enhanced ditch checks that are installed in swales as a result of this project will 

help reduce the dissolved phosphorus and metal loads to the receiving water bodies and thus positively impact their water 
quality. 

2. Reduced Risk: If the iron-enhanced ditch checks are effective in reducing the dissolved phosphorus and metal loads in 
runoff, there will be reduced risks of eutrophication and toxicity to aquatic life in the receiving water body. 

3. Construction Savings: The enhanced ditch checks fill a vital need for stormwater treatment along roadways where right
of-way is limited and purchasing extra land for installing practices such as stormwater basins is expensive or impossible in 
fully developed corridors. 

For every iron-enhanced ditch check installed in a swale, the Minnesota taxpayer will benefit through the replacement of land 
and construction for other stormwater management practices. The cost of land in Minnesota metropolitan areas and the cost of 
construction for these other practices will be used to identify the benefit for the Minnesota taxpayers. This research will 
directly benefit those responsible for limiting the runoff of suspended and dissolved contaminants from watersheds via roadside 
stormwater practices. The project.will enable the drainage ditches that are not infiltrating runoff to be utilized as a pollution 
prevention device. This new system could also be used to improve water quality in locations where volume control and 
infiltration are not feasible due to groundwater level, tight soils or poor subsurface water quality. 

This research results can be put to full use by disseminating the research information through reports and websites, hosting 
workshops on design of iron-enhanced ditch check, and installing iron-enhanced sand filter insert in existing and new ditch 
checks. 

SCOPE 
This project will investigate the performance of iron-enhanced swale ditch check in removing phosphates and toxic metals in 
roadway runoff. The questions to be answered are how much removal can be expected in general, what the long-term 
performance will be, and what maintenance actions are necessary to sustain effective treatment. One MnDOT enhanced ditch 
check, located in County State Aid Highway (CSAH) 15 (previously Trunk Highway [TH] 5) in Washington County, will be 
monitored for three years. Flow metering devices and water samplers will be installed to continuously measure flow and collect 
water quality samples during natural rainfall-runoff events. 
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Water sampling will be done on either side of the sand-iron filter section to isolate the reduction achievable with the 
installation of an iron-enhanced sand filter insert in ditch check. In addition, samples will be collected upstream and 
downstream of the entire ditch check system to investigate the impact of the top soil layer on the retention of pollutants. The 
data will provide the level of reduction achievable through filter insert only, the net pollutant removal possible through the 
enhanced ditch check over a long period of time, and maintenance recommendations for good performance. 

ASSISTANCE 
The Technical Liaison, Barbara Loida, has offered assistance in gaining access and installing equipment at the study site. This 
includes installation of one monitoring cabinet by MnDOT, and permission to install monitoring equipment in the swale and 
house data-logging equipment inside the cabinets. Washington County has the authority to allow access, and has indicated that 
access will be granted if forms are completed. The University will file for Fiscal Year 2016- Fiscal Year 2019 access before 
project start date. 

WORK PLAN 

Task Descriptions 

Task 1: Conduct Field Monitoring- Year 1 
Under this task, the University will: 

Install Monitoring Equipment: Monitoring equipment will be reinstalled at the CSAH 15 ditch check. Some automatic 
monitoring equipment (ISCO or comparable automatic samplers with data loggers and flow metering equipment, and 
tipping bucket rain gages) has been purchased or secured under previous projects, tested and installed at the CSAH 15 site. 
The equipment will be repaired or replaced as required and reinstalled each spring. 
Conduct Field Monitoring: Field monitoring will be conducted at the CSAH 15 ditch check through continuous flow 
measurement and sample collection during natural rainfall events. Four locations in the ditch check will be monitored for 
water quality. Sampling will be performed upstream and downstream of the iron-enhanced filter section to isolate its 
performance. The second set of samples will be collected upstream and downstream of the entire ditch check to assess the 
overall pollutant retention. The flow volume-based samples will be collected by automatic samplers for chemical analysis 
at a later time. Remote access will be set up for monitoring discharge and sampling. All staff conducting field work will 
receive proper training and will follow the standard procedures for monitoring. 
Perform Chemical Analysis: Water samples will be analyzed for soluble reactive phosphorus and select samples will be 
analyzed for dissolved copper and dissolved zinc. Metal concentrations are close to the analytical limits of detection, and 
the available technology at the Analytical Geochemistry Laboratory at the University will be used in the analysis. 
Perform Data Analysis: The purpose of the field monitoring will be to verify that swale ditch checks with elemental iron 
enhancements (iron filings) will remove soluble reactive phosphorus and dissolved metals as predicted in laboratory 
experiments (Erickson et al. 2012). Two analyses will be done. The pollutant concentration decrease through the iron
enhanced filter section will be determined. The second analysis will compare concentrations in the influent and effluent of 
the entire ditch check to investigate the effect of the top soil cover on the pollutant retention performance. A percent 
reduction in event mean concentration (EMC) and total mass load for all contaminants will be determined. A number of 
storms are required for this verification because of the inherent variability of flows, concentrations and other field 
conditions, so that~ 15 storms will need to be successfully recorded and sampled in Year 1. The final result, however, will 
be a field verification that either proves that enhanced swales are capable of removing soluble reactive phosphorus, copper 
and zinc in Year 1, and identifies the general level ofreduction that can be expected or identifies problems with the 
technology that need to be solved. 

The research team will collaborate on identifying the monitoring needs and devising the monitoring plan. The University's 
subcontractor will help with data analysis including data quality control, data handling, evaluation, and determination of 
performance metrics. The subcontractor will also help identify and solve problems related to the performance of the technology 
and will also be part of the preparation and review of the task deliverable. 

Task 2: Conduct Field Monitoring - Year 2 
Under this task, the University will: 

Install Monitoring Equipment: Monitoring equipment will be reinstalled at the CSAH 15 ditch check, as in Task 1. The 
equipment will be repaired or replaced as required and reinstalled in spring. 
Conduct Field Monitoring: Field monitoring will be conducted at the CSAH 15 ditch check through continuous flow 
measurement and sample collection during natural rainfall events, as in Task 1. 
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Perform Chemical Analysis: Water samples will be analyzed for soluble reactive phosphorus and select samples will be 
analyzed for dissolved copper and dissolved zinc. 
Perform Data Analysis: Data analysis will be conducted by comparing the water quality of the ditch check influent and 
effluent, and by comparing the water quality across the filter section only. Special attention will be paid to any differences 
from Year 1 in the performance of the ditch check enhanced sand filters. Approximately 15 storms will need to be 
successfully recorded and sampled in Year 2. Removal of soluble reactive phosphorus, copper and zinc in Year 2, and 
differences between Year 1 and Year 2 will be identified and explained, 

The University's subcontractor will help identify and explain differences in performance between Year 1 and Year 2 and 
suggest changes, if necessary, to optimize performance of the ditch check. The subcontractor will also be part of data analysis 
and preparation and review of the task deliverable. 

Task 3: Conduct Field Monitoring - Year 3 
Under this task, the University will: 

Install Monitoring Equipment: Monitoring equipment will be reinstalled at the CSAH 15 ditch check. The equipment will 
be repaired or replaced as required and reinstalled. 
Conduct Field Monitoring: Field monitoring will be conducted at the CSAH 15 ditch check through continuous flow 
measurement and sample collection during natural rainfall events. 
Perform Chemical Analysis: Water samples will be analyzed for soluble reactive phosphorus and select samples will be 
analyzed for dissolved copper and dissolved zinc. 
Perform Data Analysis: Data analysis will be conducted by comparing the water quality of the ditch check influent and 
effluent, and by comparing the water quality across the filter section only, Special attention will be paid to any differences 
from Year 1 and Year 2 in the performance ofthe ditch check enhanced sand filters. Approximately 15 storms will need to 
be successfully recorded and sampled in Year 3. Removal of soluble reactive phosphorus, copper and zinc in Year 3, and 
differences between Year 1, Year 2 and Year 3 will be identified and explained. 

The University's subcontractor will help identify and explain differences in performance between Years 1, 2 and 3, and will be 
part of data analysis and preparation and review of the task deliverable. 

Task 4: Compile Report, Technical Advisory Panel Review and Revisions 
Under this task, the University will prepare a draft report, following MnDOT's publication guidelines, to document project 
activities, findings and recommendations. This report will be reviewed by the Technical Advisory Panel (TAP), updated by the 
Principal Investigator to incorporate technical comments, and then approved by Technical Liaison before this task is considered 
complete. A TAP meeting will likely be held to present the project results. The research team will collaborate on preparation of 
the draft final report. Based on results from Years 1, 2 and 3, the subcontractor will help identify necessary maintenance 
actions and the corresponding suggested frequency of these actions necessary for successful performance of iron-enhanced 
ditch checks. 

Task 5: Final Report Completion 
During this task, the Approved Report will be processed by MnDOT's Contract Editors. The editors will review the document 
to ensure it meets the publication standard. A Final Report will then be prepared by the Principal Investigator and submitted for 
publication through MnDOT's publishing process. The research team will collaborate on revising the draft final report based 
on review comments, and completing the final report. 

Task Deliverables 

Task: Deliverable(s): 
1: An interim report summarizing the performance of the ditch check monitored in the first year. Performance will 

be evaluated on phosphorus and heavy metal removal. 
2: An interim report summarizing the performance of the ditch check monitored. Performance will be evaluated on 

phosphorus and heavy metal removal. 
3: An interim report summarizing the performance of the ditch check monitored. Performance will be evaluated on 

phosphorus and heavy metal removal. 
4: Approved Draft Final Report. 
5: Final Published Report. 
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PROJECT SCHEDULE 

Task Durations 

2016 2017 
Months: 1 2 3 4 s 6 7 8 9 10 11 12 13 14 lS 16 17 18 
Taskl x x x x x x x x x x x 
Task2 x x x x x x x x x 
Task3 
Task4 
Tasks 

2018 2019 
Months: 19 20 21 22 23 24 2S 26 27 28 29 30 31 32 33 34 3S 36 
Taskl 
Task2 x x x x x 
Task3 x x x x x x x x x x x x 
Task4 x x x x x 
Tasks x x x 

Deliverable Due Dates 

Task: Draft Deliverable Due Date: Final Task Annroval Date: 
1: March 31, 2017 May 31, 2017 
2: March 31, 2018 May 31, 2018 
3: January 31, 2019 March 31, 2019 
4: January 31, 2019 March 31, 2019 
S: June 30, 2019 

Key Milestones 

Kev Milestone Tar2et Date Description 
Obtain Access to Field Site July 1, 2016 Access to the field site will be pro forma, requiring filing forms to 

Washington County. They will be filed before the project start date. 
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