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Corrective Action Design Report for

Leaking Underground Storage Tank Sites

Iowa Department of Natural Resources

SITE  IDENTIFICATION

LUST No.

 UST Registration No.


Site Name:

Site Address:

City:  

RESPONSIBLE  PARTY  IDENTIFICATION

Name:



Street:



City:
State:
Zip Code:

The treatment technologies to be used at the site.  Check all that apply.
[  ]  Soil Vapor Extraction (SVE)
[  ]  Excavation (off-site treatment
[  ]  Air Sparging with SVE
[  ]  Air Stripper Treatment

[  ]  Bioventing
[  ]  
[  ]  Bioremediation
[  ]  Carbon Adsorption

[  ]  Biomounding
[  ]  
[  ]  Biosparging
[  ]  Aeration Treatment

[  ]  Thermal Desorption
[  ]
[  ]  Vacuum Enhanced P & T
[  ]

[  ]  Land Farming
[  ]
[  ]  Pump & Treat (P & T)
[  ]

I, 





, groundwater professional number 

, am familiar with all applicable requirements of Iowa Code section 455B.474 and all rules and procedures adopted thereunder including, but not limited to, the Iowa Department of Natural Resources’ guidance and specifications for corrective action design reports.  Based on my knowledge of those documents and the information I have prepared and reviewed regarding this site, UST registration number 


, LUST number 


, I certify that this document is complete and accurate as provided in 135.12(9) and meets the applicable requirements of the corrective action design report, and that the recommended corrective action can reasonably be expected to meet its stated objectives.

Print: Name/Address/Phone Number of Iowa Certified Groundwater Professional







Signature:  













Date:  







I certify that I have reviewed this document, appendices and attachments for submittal to the Iowa Department of Natural Resources.

Print Name of Responsible Party



Signature - Responsible Party



Date
PRIVATE 

Official  IDNR  Use  Only




Date Received:

Comment Letter Date:



Reviewer:

Approved:
Y       /       N







CADR checklist

[   ]
Completed CADR cover page

[   ]
Completed CADR checklist

[   ]
I.
Executive summary

[   ]
II.
Comparison of two corrective action alternatives

[   ]
III.
Justification for selected corrective action

[   ]
IV.
Timetable and critical performance benchmarks

[   ]
V.
System design

[   ]
VI.
Pilot test

[   ]
VII.
Operation and maintenance plan

[   ]
VIII.
Start-up period plan

[   ]
IX.
Groundwater summary corrective action map from the Tier 2 report

[   ]
X.
Soil summary corrective action map from the Tier 2 report

[   ]
XI.
Groundwater flow direction maps (current and historic)

[   ]
XII.
Monitoring plan

[   ]
XIII.
Waste management disposal plan

[   ]
XIV.
Security / System protection

[   ]
Appendix A:  Permits

[   ]
Appendix B:  Justification

[   ]
Appendix C:  Boring logs / well construction diagrams (Only those which have not been previously submitted to the IDNR.)
[   ]
Appendix D:  Laboratory analytical reports (Only those which have not been previously submitted to the IDNR.)
Soil vapor extraction
Pilot test checklist


A.  Description: Provide a description of the pilot study and conditions at the time the pilot study was 
conducted: 

[   ]

1.  Date(s) of the test

[   ]

2.  Last rainfall event

[   ]

3.  Ambient air temperature

[   ]

4.  Barometric pressure and pressure trends (e.g., climbing, falling or steady).

[   ]

5.  Any other pertinent field observations

[   ]
B.  Duration:  Justification for the length of time the pilot study was conducted.

[   ]
C.  Monitoring well construction justification: If existing monitoring wells were used, explain how the installed 
screen slot size and filter pack are appropriate for soil venting. Provide construction diagrams (on IDNR form 542-
1392) for air extraction wells in Appendix C.

[   ]
D.  Measures to prevent upwelling:  Describe any measures taken to prevent a significant upwelling of the 
water table during the pilot study. Discuss the treatment or discharge of contaminated groundwater if any. Provide copies of discharge approvals in Appendix A.

[   ]
E.  Pilot study blower system. Specify the type and capacity of blower used.  The use of an explosion proof 
blower and switches is recommended for the pilot study. The blower should be equipped with a discharge stack, muffler (silencer) on the exhaust and a dilution or bleed valve on the blower inlet.


F.  Sampling:

[   ]

1.  Provide a list of the sample collection equipment or instruments used during the pilot test. 

[   ]

2.  Discuss the ability of the instruments or equipment to accurately measure VOCs (volatile organic 


compounds). 

[   ]

3.  Describe sampling methods and procedures.

[   ]

4.  Justify the sampling frequency used during the pilot test.

[   ]

5.  Discuss measured hydrocarbon and dissolved oxygen levels.

[   ]

6.  Discuss tracer gas tests, if performed.

[   ]
G.  Method for measuring vacuum:  Describe the method (e.g., air extraction wells, water wells, soil gas probes) 
for measuring the vacuum in the soil at varying distances from the air extraction wells.  Provide the depths these 
measurements were made.  Due to the vertical pressure gradients under active venting, it is important to use vacuum 
monitoring points that are equal in depth or as close as possible.                                                 


H.  Test data:  

[   ]

1.  Flow rate (standard cubic feet per minute), 

[   ]

2.  vacuum (inches of water column - to two digits of accuracy), 

[   ]

3.  static water level (feet above sea level [ASL] tied to a geodetic datum) in the well prior to test, 

[   ]

4.  static water level (ASL) in well after test, 

[   ]

5.  time test started, and 

[   ]

6.  time vacuum measurements were taken. 

[   ]
I.  Static water level:  Static water level measurements (if a well was measured more than once, list each 
measurement chronologically).


J.  Figures:  

[   ]

1.  Schematic of the pilot study venting system showing the location of air flow meters, vacuum 



gauges and thermometers.

[   ]

2.  Site map with the following illustrated:

[   ]


a.  Location of all past and present USTs & lines with the type of substances stored in the 




USTs.

[   ]


b.  Location of air extraction wells and vacuum measuring points.

[   ]


c.  Paved areas, buildings and structures that may act as a surface seal or an infiltration 




barrier.

[   ]


d.  Buried utility trenches that may act as zones of higher permeability.

[   ]


e.  Any other pertinent site features that may affect a permanent soil venting system.

[   ]

3.  Groundwater contour map of the site for the day the pilot study was conducted. Use an arrow to 


show the direction of groundwater flow.

[   ]
K.  Groundwater elevation changes: Discuss groundwater elevation changes resulting from air 
extraction/injection.

[   ]
L.  Radius of influence:  Discuss how the radius of influence was calculated for each well.

[   ]
M. Analytical data: Copies of all laboratory analytical data in Appendix D. Quantify results in mass per unit 
volume (milligrams per cubic meter of contaminated air).


N.  Pilot test conclusions. Clearly state all assumptions. Show all calculations. Provide detailed justification 
for responses.

[   ]

1.  What contaminant vapor concentrations are likely to be obtained?

[   ]

2.  Under ideal vapor flow conditions, is the concentration great enough to yield acceptable removal 


rates?

[   ]

3.  What range of vapor flow rates can be realistically achieved?

[   ]

4.  Will the contaminant concentrations and realistic vapor flow rates produce acceptable removal 



rates?

[   ]

5.  What residual concentrations, if any, will be left in the soil and/or groundwater? How do these 



residuals compare with target levels? Provide an estimation of the time it will take to achieve target 


levels?

[   ]

6.  What vapor composition and concentration changes will occur with time?

[   ]
O.  Modeling.  If a model is used to justify SVE, identify the model and vendor names, describe all input variables, 
and provide a copy of the output data.

SVE system design checklist

[   ]
A.  Overview of system design:  Provide a system schematic and discuss the system design.

[   ]
B.  Geologic conditions:  Provide a brief discussion of the geologic conditions at the site.

[   ]
C.  Well construction:  Provide construction logs of wells used for air extraction. Explain how it was 
determined the screen slot size and filter pack are appropriate for soil venting if existing monitoring wells are 
used for air extraction. Discuss the logic for determining well screen placement.


D.  Manifold system:  Provide details of the manifold system:

[   ]

1.  Piping type

[   ]

2.  Piping diameter

[   ]

3.  Description of instrumentation for measuring flow

[   ]

4.  Description of instrumentation for measuring vacuum

[   ]
E.  Air flow rate calculations:  Provide calculations for predicting total air flow rate.


F.  Blower system:  Provide details of the blower system:

[   ]

1.  Anticipated air flow rate

[   ]

2.  Anticipated vacuum levels

[   ]

3.  Blower type

[   ]

4.  Blower size

[   ]
G.  Justification to prevent explosions:  Provide assurances that explosion proof vacuum pump, vacuum gauges and 
condensation traps are provided for in the design of the treatment system.

[   ]
H.  Disposal of contaminated water:  Discuss the method for disposal of incidental collected water. Provide 
copies of discharge approvals.

[   ]
I.  Well spacing and radius of influence:  Discuss the method used to determine well spacing and radius of 
influence. Show calculations. If an air flow model is used, include the results of the model and any 
assumptions the model uses.  Identify the model and vendor names.


J.  SVE system maps:  Scaled site maps with the following illustrated:

[   ]

1.  Location of venting wells with area of influence indicated. 

[   ]

2.  Monitoring locations to determine venting effectiveness.

[   ]
K.  VOC testing:  Discuss the methods and instrumentation used for testing for total VOCs. Provide in the discussion the anticipated levels of analytical precision and evaluate any factors that could bias sample results.

SVE - Operation and monitoring plan

[   ]
A.  Describe the monitoring program conducted to evaluate system startup and to determine the effectiveness 
of the treatment system and progress of site remediation.

[   ]
B.  Describe the groundwater elevation monitoring conducted to determine if significant upwelling is occurring.

Biomounding

System design:

Once you have verified that biomounds have the potential to be effective, you can evaluate the design of the biomound system.  The CADR should include conceptual engineering design and a discussion of the rationale.  Detailed engineering design documents should be included.  Include the following in the discussion of the design:

[   ]
Land requirements

[   ]
Biomound layout

[   ]
Biomound construction

[   ]
Aeration equipment

[   ]
Water management

[   ]
Leachate development and control

[   ]
Leachate run-off and control

[   ]
Soil erosion

[   ]
pH adjustment, moisture and bulking agent addition, and nutrient supply

[   ]
Site security

[   ]
Air emission controls
Air sparging with soil vapor extraction
Pilot test checklist

[   ]
A.  Hydrogeological conditions:  Provide a general discussion describing the hydrogeological conditions at 
the site.

[   ]
B.  Field procedures:  Provide a complete discussion of the field procedures used for the pilot test.

[   ]
C.  Well construction:  Provide boring logs and construction details for the air sparge wells on IDNR forms.

[   ]
D.  Air flow rates:  Provide a discussion of the air flow rates injected and extracted during the test and show how the contaminant concentrations in the soil venting system (if installed) changed with differing air injection rates. Also include the ratio of extracted to injected air flow rates.

[   ]
E.  Radius of influence:  If a radius of influence was estimated, discuss how the estimate was determined and provide a discussion of the field test data that were used to make the estimate.

[   ]
F.  Vapor control:  Discuss how air vapors will be adequately controlled to prevent entry into surrounding 
buildings and enclosed spaces.

[   ]
G.  Geologic limitations:  Discuss the potential for geologic conditions to limit the efficient operation of the air sparging system.

[   ]
H.  Groundwater or biologic limitations:  Discuss the potential for groundwater quality or biologic activity to limit the efficient operation of the air sparging system.

[   ]
I.  System design:  Discuss system design (i.e., well placement and spacing, number of wells, pressure and 
air flow requirements for the compressor, etc.).  Discuss how the system will handle groundwater level 
fluctuations.


J.  Figures:  Provide the following figures and maps:

[   ]

1.  A graph indicating the pressure and air flow characteristics of the air sparge well(s) tested.

[   ]

2.  If upwelling in monitoring wells is measured, include a graph indicating upwelling (y axis) versus time (x axis). 

[   ]

3.  Geologic cross section.

[   ]

4.  Scaled site map with the following illustrated:

[   ]


a.  Locations of existing sparge wells.

[   ]


b.  Locations of existing air extraction wells if venting system is installed.

[   ]


c.  Groundwater contour map for the day of the pilot test.

[   ]


d.  Iso-concentration map with groundwater dissolved oxygen concentrations.


K.  Provide the following tables:

[   ]

1.  Water level elevations in monitoring wells and dates of measurement.

[   ]

2.  Field data, including the time of readings, air flow rates, injected air temperature, and injected air 

pressure.

[   ]
L.  Provide copies of all analytical data in Appendix D.

Air sparging with SVE system design checklist
[   ]
A.  Description:  Provide a general description of the system.

[   ]
B.  Schematic:  Schematic of the sparge system.

[   ]
C.  Calculations:  Calculations for determining sparge well placement.

[   ]
D.  Well placement:  Describe the reasoning used to establish well spacing and pattern.

[   ]
E.  Groundwater flow changes:  Discuss the anticipated changes in the groundwater flow patterns that may 
be caused by the operation of the treatment system and the ways the system design will limit or prevent the 
migration of contaminants outside the radius of influence.

[   ]
F.  Well construction:  Provide sparge well construction design.


G.  Manifold system:  Provide a description of the manifold system. Include the following:

[   ]

1.  Pipe material.

[   ]

2.  Pipe diameter.

[   ]

3.  Location of valves.

[   ]

4.  Description of instrumentation for measuring air flow rate, vacuum and temperature.


H.  Air compressor specifications:  Provide a description of the air compressor specifications.  Include the 
following:

[   ]

1.  Type.

[   ]

2.  Total anticipated air flow rate.

[   ]

3.  Anticipated pressure levels.

[   ]
I.  Extracted air:Injected air:  Discuss the ratio of extracted air to injected air.


J.  Air sparging with SVE maps:  Scaled site map with the following illustrated.

[   ]

1.  Location of existing and proposed sparge wells with area of influence indicated.

[   ]

2.  Manifold location.

[   ]

3.  Location of air compressor and other equipment.

[   ]

4.  Scaled site map indicating the proposed monitoring locations to determine sparging effectiveness.
[   ]

5.  Other pertinent site features.

[   ]
K.  VOC testing:  Discuss the methods and instrumentation used for testing for total VOCs. Provide in the 
discussion the anticipated levels of analytical precision and evaluate any factors that could bias sample 
results.

[   ]
L.  Dissolved oxygen:  Methodology for measuring groundwater dissolved oxygen.

Operation and monitoring plan

[   ]
A.  Description of the monitoring program conducted to evaluate system startup and to determine the 
effectiveness of the treatment system and progress of site remediation.

[   ]
B.  Description of the groundwater elevation monitoring conducted to determine if significant upwelling is 
occurring.  Address changes in static water levels caused by other factors and how this will be handled.

Bioremediation

System design:

[   ]
Evaluation of the suitability of the soils at the site for bioremediation.

[   ]
List of nutrients being introduced (biostimulation) to enhance the existing biodegradation process and 
description of the introduction process, if applicable.
[   ]
Evaluation of effectiveness of measures being implemented to control biofouling of the injection or 
recirculation system.

[   ]
Identification of the water quality parameters which have the potential to interfere with the removal of the 
target compounds or cause fouling or corrosion of the treatment system.  Discuss the measures that will be 
taken to alleviate these problems.

[   ]
Description of the measures taken and monitoring which will be conducted to ensure hydraulic control of the contamination plume.

[   ]
Description of the system operation.

[   ]
Detailed schematic of treatment system.

[   ]
Construction specifications for the treatment system and appurtenances (i.e., wells, galleries, etc.)

[   ]
Scaled site maps showing location of the treatment system, injection wells, galleries or trenches, extraction 
and monitoring wells, contamination plume, treatment process area of influence and area of hydraulic 
control.

[   ]
Discussion of potential for the production of toxic breakdown products.

[   ]
Description of the saturated and unsaturated zones and treatment system monitoring program to be conducted to determine the effectiveness of the bioremediation process.  Relate the monitoring results to mass balance equations and determine the effectiveness of the treatment process.  Include in the discussion such factors as frequency, locations, parameters and water level measurements.

Innovative or Alternative Treatment Technologies
Air stripper treatment - Provide a report discussing the following, at a minimum:
[   ]
A.  Description:  Description of the system operation.

[   ]
B.  Schematic:  Detailed schematic of the treatment system.

[   ]
C.  Water quality:  Identification of the water quality parameters that have the potential to interfere with the removal of the target compounds or cause fouling, biofouling or corrosion of the treatment system.  Describe the measures that will be taken to alleviate these problems.

[   ]
D.  Air stripper treatment maps:  Scaled site maps showing location of the treatment system, recovery and 
monitoring wells, contamination plume, area of hydraulic control and pertinent site features.

[   ]
E.  Free product:  Description and schematic of the water product separator, product recovery system and warning system to detect high product levels in the product recovery tank if free product is present or has the potential to be present at the site.

[   ]
F.  Assumptions and calculations:  Design assumptions and calculations used to size the tower height and 
diameter, packing height, and flow rate.

[   ]
G.  Treatment specifications:  Specifications for treatment system and appurtenances (i.e., monitoring wells, recovery wells, packing material, etc.).

[   ]
H.  Start-up monitoring plan:  Description of the monitoring program that will be conducted during the 
initial start-up of the system.  The program must be designed to prevent the release of effluent exceeding 
discharge limitations and to detect any variability in treatment efficiencies.  

[   ]
I. Remediation monitoring plan:  Description of the monitoring program to be conducted to determine the 
effectiveness of the treatment unit and the status of site remediation.  Include in the discussion such factors 
as frequency, locations, analytical parameters, and water level measurements in monitoring and recovery 
wells.

Carbon adsorption - Provide a report discussing the following, at a minimum:

[   ]
A.  Description:  Description of the system operation.

[   ]
B.  Schematic:  Detailed schematic of the treatment system.

[   ]
C.  Water quality:  Identification of the water quality parameters that have the potential to interfere with the removal of the target compounds or cause fouling, biofouling or corrosion of the treatment system.  Describe the measures that will be taken to alleviate these problems.

[   ]
D.  Carbon adsorption treatment maps:  Scaled site maps showing location of the treatment system, recovery and monitoring wells, contamination plume, area of hydraulic control and pertinent site features.

[   ]
E.  Free product:  Description and schematic of the water product separator, product recovery system and warning system to detect high product levels in the product recovery tank if free product is present or has the potential to be present at the site.

[   ]
F.  Carbon units:  Methods and evaluation of the design assumptions used to size the carbon units, determine carbon usage, contact time, breakthrough of contaminant into the waste stream effluent, necessity of treatment units in series, pressure gauges, pressure release valves and type of filtering device prior to the carbon units.

[   ]
G.  Remediation monitoring plan:  Description of the monitoring program conducted to determine the 
effectiveness of the treatment unit and the status of site remediation.  Include such factors as monitoring 
frequency, locations, parameters, measures to prevent or detect contaminant breakthrough and water level 
measurements.  If isotherm data from pilot studies were not used to estimate the carbon capacity required 
and the sampling frequency, explain why.

[   ]
H.  Carbon disposal / replacement:  Description of carbon disposal and replacement procedures.

Aeration treatment technology - Provide a report discussing the following, at a minimum:
[   ]
A.  Description:  Description of the system operation.

[   ]
B.  Schematic:  Detailed schematic of the treatment system.

[   ]
C.  Water quality:  Identification of the water quality parameters that have the potential to interfere with the removal of the target compounds or cause fouling, biofouling or corrosion of the treatment system.  Describe the measures that will be taken to alleviate these problems.

[   ]
D.  Aeration treatment technology maps:  Scaled site maps showing location of the treatment system, 
recovery and monitoring wells, contamination plume, area of hydraulic control and pertinent site features.

[   ]
E.  Free product:  Description and schematic of the water product separator, product recovery system and warning system to detect high product levels in the product recovery tank if free product is present or has the potential to be present at the site.

[   ]
F.  Assumptions and calculations:  Design assumptions and calculations used to size aeration tanks, 
determine residence time, and air and influent groundwater flow rates.

[   ]
G.  Treatment specifications:  Construction specifications for the treatment system and appurtenances (i.e., 
monitoring wells, recovery wells, aeration tank, air injection system, diffusers, etc.).

[   ]
H.  Start-up monitoring plan:  Description of the monitoring program to be conducted during initial start-up of the system.  The program must be designed to prevent the release of effluent exceeding discharge limitations and to detect any variabilities in treatment efficiencies.

[   ]
I.  Remediation monitoring plan:  Description of the monitoring program to be conducted to determine the 
effectiveness of the treatment unit and the status of site remediation.  Include in the discussion such factors 
as frequency, locations, analytical parameters, and water level measurements in monitoring and recovery 
wells.
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