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AECOM 
1001 Highlands Plaza Drive West 
Suite 300 
St. Louis, MO 63110-1337 
www.aecom.com 

314 429 0100 tel 
314 429 0462 fax 

July 14, 2017 
 
 
Ms. Joyce Munie, P.E. 
Manager, Permit Section 
Illinois Environmental Protection Agency 
Bureau of Land 
1021 North Grand Avenue East 
Springfield, Illinois 62794 
 
Supplement to TACO Tier 3 Demonstration 
Roxana, Illinois 
1191150002 – Madison County 
Equilon Enterprises, LLC d/b/a Shell Oil Products US 

 

Dear Ms. Munie: 

 
On behalf of Equilon Enterprises, LLC d/b/a Shell Oil Products US (SOPUS), AECOM is submitting 
this letter which supplements the TACO Tier 3 Demonstration (Report) previously submitted to the 
Illinois Environmental Protection Agency (IEPA) on April 6, 2017.  The information contained in this 
letter was requested by the IEPA during a meeting with representatives from SOPUS on June 29, 
2017 and in subsequent emails (June 30, 2017 email from Jim Moore to Kevin Dyer, and July 5, 2017 
email from Amy Boley to Kevin Dyer). 

The Report contains site-specific calculated remediation objectives (ROs) based on the use of an 
Alternative Model, as defined in Illinois’ Tiered Approach to Corrective Action Objectives (TACO) 
rules (Title 35 Illinois Administrative Code [IAC] Part 742.910).  Although the Report also includes a 
proposal for soil gas monitoring in the absence of soil vapor extraction (SVE) system operation, 
SOPUS requests that as a first step IEPA review for approval the use of the Little, Daisey, Nazaroff 
(LDN) model and the proposed ROs in the Report.  As requested by IEPA, this letter provides a 
mapping of 742.910 (a) through (g) with specific sections of the Report (Attachment A).  Attachment 
B, which also accompanies this letter, provides additional information on the Alternative Model 
requirements. 

In addition to the information requested during the June 29, 2017 meeting, IEPA provided three 
additional comments via email on June 30, 2017 and one comment via email on July 5, 2017.  The 
table below summarizes the information requested by the IEPA and SOPUS’ response.   

 

 

 

 





 

3 

Source of 
IEPA 

Request/ 
Question 

Question/Comment Response 

contamination beneath/near the Roxana Study Area; 
and (2) the levels of contaminants in the subsurface 
soil gas throughout the entire vadose zone.   Once you 
have this information compiled, you will need to 
propose soil gas sampling locations which will be 
monitored to demonstrate compliance with any 
approved soil gas remediation objectives.” 

June 30, 2017 
email from Jim 
Moore to Kevin 
Dyer- 
Comment 3 

“Also, as discussed, you will need to change your 
complete sampling/analysis scheme, as field screening 
is not an acceptable way to verify compliance with any 
approved soil gas remediation objectives.”  

This comment is acknowledged, but because the focus of the current letter is 
providing information related to the Alternative Model and ROs, these comments 
will be addressed in a separate, future submittal. 

July 5, 2017 
email from 
Amy Boley and 
July 6, 2017 
subsequent 
call between 
Amy Boley and 
Bob Billman  

  

IEPA requested information on the distribution of 
groundwater contamination for the purpose of 
comparison with proposed soil vapor monitoring 
locations.   

• Table 3 showing analytes detected in groundwater – table to be included in the 
upcoming 2nd Quarter 2017 (2Q17) Roxana groundwater monitoring report. 

• Figure 6 (2Q17 Dissolved Phase Benzene Concentrations in Groundwater) 
showing benzene concentrations in groundwater – figure to be included in the 
upcoming 2Q17 Roxana groundwater monitoring report. 

• Figure 4 (2Q17 Vapor Port Screen Comparison to Groundwater Elevation) 
showing groundwater monitoring well and soil vapor monitoring locations – 
figure to be included in the 2Q17 Roxana soil vapor monitoring report. 

• Table and Figures are on the enclosed disc. 
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If you have any questions or comments regarding this submittal, please contact Kevin Dyer, SOPUS 
Senior Principal Program Manager, at kevin.dyer@shell.com (618-288-7237), or Robert Mooshegian 
at robert.mooshegian@aecom.com (314-743-4106).    

Sincerely, 

AECOM, on behalf of Shell Oil Products US 
 
 
 
 
 
Robert Billman, P.G.      Robert E. Mooshegian, CHMM 
Senior Project Manager      Senior Program Manager 
 
Enclosures:  Attachment A – Alternative Model Requirements 

Attachment B – Alternative Model Requirements – Supplemental Information 
 Disc with LDN Excel files and groundwater table and figures 
 Illinois EPA RCRA Corrective Action Certification Form 

 
cc: James Moore, IEPA, Springfield 

 Gina Search, IEPA, Collinsville 
Amy Boley, IEPA, Springfield 
Bill Sinnott, IEPA, Springfield 
Kevin Dyer, SOPUS  

 Shannon Haney, Greensfelder, Hemker & Gale, P.C. 
Repositories – Roxana Village Hall, Roxana Public Library, website 
Project Central File 
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Attachment B 
TACO Tier 3 Demonstration 

Alternative Model Requirements – Supplemental Information 

AECOM, on behalf of Equilon Enterprises LLC (d/b/a Shell Oil Products US), submitted a TACO Tier 
3 Demonstration (Report) dated April 2017 that included the use of the Little, Daisey, Nazaroff (LDN) 
model as an Alternative Model. The application of the LDN model is described in Part 2 of the Report.  
A provision for the use of an Alternative Model is provided for in Title 35 Illinois Administrative Code 
(IAC) Part 742, Section 910 as follows: 

Any proposals for the use of models other than those specified in Tier 2 shall be submitted to 
the Agency for review and approval.  A submittal under this Section shall include the following 
information: 

 a)         Physical and chemical properties of contaminants of concern; 

 b)         Contaminant movement properties; 

 c)         Contaminant availability to receptors; 

 d)         Receptor exposure to the contaminants of concern; 

 e)         Mathematical and technical justification for the model proposed; 

 f) A licensed copy of the model, if the Agency does not have a licensed copy of the 
model currently available for use; and 

 g)         Demonstration that the models were correctly applied. 

Attachment A of this transmittal maps the above requirements to the location within Part 2 of the 
Report where the information may be found. Additional information in support of the alternative 
model, as required by Section 742.910, is provided in the text below.  All references to text, page 
numbers, exhibits and appendices below are within Part 2 of the Tier 3 Demonstration.  
 
a)  Physical and Chemical Properties of Contaminants of Concern 

The physical and chemical properties for the chemicals evaluated as part of the LDN modeling 
process can be found in Appendix 2-B, Table 1 and Table 3 of the Report. The list of chemicals 
evaluated was based on historical soil gas data as described in Sections 2.1.3 and 2.1.4, and the 
corresponding LDN screening values developed using the following decision process.  
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Soil gas data collected between 4th Quarter 2009 (4Q09) and 4th Quarter 2016 (4Q16)1 were 
subjected to a series of three questions as described below.    

1.) Is there chemical toxicity data available? 
2.) Is the detection frequency greater than 5-percent? 
3.) Is the chemical a petroleum hydrocarbon? 

 
If the answer to all of the aforementioned questions was “yes”, LDN screening values were calculated 
for that chemical. In total, eighteen (18) chemicals met all three criteria.2  

The chemical properties used to perform the modeling were molecular weight (to convert between 
concentration and mass per volume), diffusivity in air (which is a key variable in any model based on 
Fick’s Laws of Diffusion), diffusivity in water, and Henry’s Law constant. 

As indicated in Appendix 2-B, Table 1, the values in black text were taken from TACO, Appendix C, 
Table E and values in blue text were taken from the 2016 U.S. Environmental Protection Agency 
(USEPA) Regional Screening Level (RSL) tables.  Values are shown in Appendix 2-B, Table 1 for the 
following parameters: 

• Molecular weight (MW) in units of g/mol; 
• Diffusivity in air (Da) in units of cm2/sec; 
• Diffusivity in water (Dw) in units of cm2/sec; 
• Henry’s Law Constant (H’) unitless; 
• Henry’s Law Constant (H) in units of atm-m3/mol; 
• Water solubility (S) in units of mg/L; 
• Organic carbon partitioning coefficient (Koc) in units of cm3/g; and 
• Vapor pressure (P) in units of mm Hg. 

 
As indicated above, the molecular weight, diffusivity in air, diffusivity in water and Henry’s Law 
constant were directly used in the LDN modeling.  The other parameters were not used in calculating 
LDN screening values. 

b)  Contaminant Movement Properties 

The movement of soil gas through soil in the LDN model is assumed to be via diffusion.  The rate of 
movement is a function of the effective diffusivity.  As indicated in Exhibit 2-6 (on pages 2-6 and 2-7), 
the effective diffusivity is calculated from the diffusivity in air, the total porosity of the soil, the water-
filled porosity of the soil, and the air-filled porosity of the soil.  Diffusivity in air values are given in 
Appendix 2-B, Table 1.   

  

                                                      
1 Soil gas data collected based on IEPA approved analyte list.  
2 Calculated LDN screening value based on 3 foot transport for the residential scenario and 5 foot transport for the commercial 
scenario. 
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The values for the various porosities were the TACO default values, as shown in Exhibit 2-6: 

• Total porosity (Et) = 0.43; 
• Water-filled porosity (Ew) = 0.15; and 
• Air-filled porosity (Ea) = 0.28. 

These are each volume:volume ratios and therefore unitless values.  These same TACO default 
values also may be found in Appendix 2-B, Tables 1 and 3. 

c)  Contaminant Availability to Receptors 

The LDN model is broadly applicable to different subsurface scenarios; in the LDN model for this 
application, an occupied house atop a source of VOC vapors was assumed.  It was also assumed 
that the VOCs in the soil gas in the immediate vicinity of the building are swept into the building and 
the interior space is one compartment (a well-mixed space).  Therefore, the LDN modeling assumed 
a complete pathway for vapor intrusion with the VOCs readily available to receptors. 

As indicated in Exhibit 2-5 (on page 2-5), the LDN modeling assumed no aerobic biodegradation of 
petroleum hydrocarbons and assumed no resistance for vapor transport across the building slab (i.e., 
no added attenuation factor for the presence of the slab compared with no slab).  The LDN model 
assumes that any VOCs that migrate to the vicinity of the building will be swept into the building.  
Therefore, the overall VOC transport rate is limited by diffusion through the underlying soil and not the 
rate of vapor intrusion across the soil-building interface (commonly referred to in modeling as Qsoil and 
typically set at 5 L/min for modeling buildings with slabs). 

As indicated in Exhibit 2-6 (on pages 2-6 and 2-7), the building dimensions were based on TACO 
defaults of length = 1000 cm, width = 1000 cm, and ceiling height = 244 cm, and the ventilation rate 
was the TACO default value of 0.53 air changes per hour (ACH).  These same TACO default values 
also may be found in Appendix 2-B, Table 1. 

For the construction worker in a trench scenario, there are no specific TACO default values for trench 
size or air turnover.  There is no standard model for trenches, but the Virginia DEQ (VADEQ) 
Voluntary Remediation Program, Risk Assessment Guidance3 serves as a widely-used template for 
calculations of this type.  As indicated in Exhibit 2-6 (on pages 2-6 and 2-7), the trench dimensions 
were based on VADEQ guidance of length = 244 cm, width = 91 cm, and depth = 457 cm, and the 
ventilation rate was the VADEQ value of 2 air changes per hour (ACH).   These same values also 
may be found in Appendix 2-B, Table 3. 

d)  Receptor Exposure to the Contaminants of Concern 

As indicated in Appendix 2-B, Table 2, the indoor air calculations were based on a 350 day/year 
exposure for 30 years (i.e., the TACO default values for residential exposure).  Toxicity data from the 
USEPA RSLs dated May 2016 were used. 

                                                      
3http://www.deq.virginia.gov/Programs/LandProtectionRevitalization/RemediationProgram/VoluntaryRemediationProgram/VRP
RiskAssessmentGuidance/Guidance.aspx 
 



 

9 

For the worker in a trench scenario, the TACO construction worker default exposure frequency was 
used.  The assumptions were of 8 hours per day, 30 days per year, over an exposure duration of 1 
year, as discussed on page 2-9 of the Report and shown in Appendix 2-B, Table 4. 

e)  Mathematical and Technical Justification for the Model Proposed 

The LDN model was published in the American Chemical Society (ACS) journal, Environmental 
Science & Technology (ES&T).  As such, the model has undergone peer review prior to publication in 
this leading journal.  As discussed in Section 2.1.1.3 of Part 2 of the Report, the LDN model is 
comparable to the J&E model, but is  capable of modeling a broader range of conditions.  In 
particular, the LDN model is appropriate for modeling scenarios where no building slab is present or 
assumed (which is assumed under J&E).  Exhibit 2-5 (on page 2-5) of the Report compared the two 
models in terms of 12 different concepts. 

The LDN model was selected because it resembles the J&E model, while allowing for a scenario 
where no building slab is considered (i.e., a more conservative scenario).  It is also our understanding 
that the LDN model has previously been accepted by the Illinois Environmental Protection Agency 
(IEPA) as part of prior Tier 3 demonstrations. 

The LDN model is equivalent to the equations given in TACO for calculating diffusive transport 
through soil and calculating exposure once vapors have entered an indoor space.  Therefore, the 
mathematical and technical justifications that apply to that part of TACO also generally apply to the 
LDN model. 

f)  A Licensed Copy of the Model 

There is no commercially available software that incorporates the LDN model, therefore no licensed 
copy exists.   

The original journal article that presents the equations of the LDN model was included as Appendix 2-
A of the Report.  The LDN equations were incorporated into Microsoft Excel™ (Excel) workbooks for 
this modeling exercise.  Hard copies of the spreadsheets are included as Appendix 2-B, Tables 1 
through 4.  The enclosed disc contains copies of the Excel files associated with the LDN model.  

g)  Demonstration that the Models Were Correctly Applied 

The LDN model is a set of equations specifically combined to address vapor transport through soil 
and into an overlying building.  The LDN model was used to address these same processes for the 
same purpose as in the original work; therefore, in that general sense, the model was applied as 
designed and intended.  The vapor transport processes are shown in Figure 3 of the original journal 
article (see Appendix 2-A of Part 2 of the Report) and also in Exhibit 2-4 (page 2-5).  

The specific details of the model application also indicate that the work was done correctly.  The work 
was performed by experienced vapor intrusion modelers.  As part of this work, a series of quality 
control (QC) checks were incorporated to ensure that the model was correctly applied.  First, after the 
LDN equations were set-up in a spreadsheet format, a series of modeling runs were performed to 
compare the LDN model to the USEPA spreadsheets that incorporate the J&E model.  The J&E 
model runs were set up with a very large crack-to-slab ratio to mimic a no slab scenario.  In this way, 
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the existing USEPA spreadsheets containing the J&E model could be used to verify the diffusive 
transport calculations in the LDN spreadsheets.  For all scenarios, the two models were found to give 
essentially identical results.  Second, a detail check of the LDN spreadsheets was performed to verify 
that the inputs and formulas were accurate, on a cell by cell basis.  This included verification of the 
physical and chemical properties, and the various TACO default values.  These QC checks help 
demonstrate that the models were correctly applied and ensure confidence in the results. 

Additionally, the model selection and implementation for the Tier 3 Demonstration work was 
performed by Bart Eklund of AECOM and Robert Ettinger of Geosyntec Consultants, LLC who have 
over 60 years of combined experience in fate & transport modeling, with an emphasis on vapor 
intrusion modeling.  Their expert judgment is that the LDN model is an appropriate tool to meet the 
stated objectives.  

























































































































































































































APPENDIX 2-B, TABLE 4
INDUSTRIAL AIR CALCULATIONS (CONSTRUCTION WORKER)

Site-specific
Outdoor Worker Equation Inputs for Air
Variable Value
TR (target cancer risk) unitless 0.000001
THQ (target hazard quotient) unitless 1
ATow (averaging time - outdoor worker) 365
EFow (exposure frequency - outdoor worker) day/yr 30
EDow (exposure duration - outdoor worker) yr 1
ETow (exposure time - outdoor worker) hr 8
LT (lifetime) yr 70

Output generated   26OCT2016:09:16:49

Site-specific
Outdoor Worker Screening Levels (RSL) for Air
ca=Cancer, nc=Noncancer, ca* (Where nc SL < 100 x ca SL),
ca** (Where nc SL < 10 x ca SL), max=SL exceeds ceiling limit (see User's Guide), sat=SL exceeds csat,
Smax=Soil SL exceeds ceiling limit and has been substituted with the max value (see User's Guide),
Ssat=Soil inhalation SL exceeds csat and has been substituted with the csat

Chemical
CAS 

Number Mutagen? VOC?

 Inhalation
Unit
Risk

 (ug/m3)-1
IUR
Ref

 Subchronic
RfC

 (mg/m3)

Subchronic
RfC
Ref

Carcinogenic SL
TR=1.0E-6

(ug/m3)

Noncarcinogenic SL
THI=1
(ug/m3)

Screening
Level

(ug/m3)
Benzene 71-43-2 No Yes 7.80E-06 I 8.00E-02 P 3.28E+02 2.92E+03 3.28E+02  ca**
Carbon Disulfide 75-15-0 No Yes - 7.00E-01 H - 2.56E+04 2.56E+04  nc
Cumene 98-82-8 No Yes - 9.00E-02 H - 3.29E+03 3.29E+03  nc
Cyclohexane 110-82-7 No Yes - 1.80E+01 P - 6.57E+05 6.57E+05  nc
Ethylbenzene 100-41-4 No Yes 2.50E-06 C 9.00E+00 P 1.02E+03 3.29E+05 1.02E+03  ca
Tetrahydrofuran 109-99-9 No Yes - 2.00E+00 I - 7.30E+04 7.30E+04  nc
Hexane, N- 110-54-3 No Yes - 2.00E+00 P - 7.30E+04 7.30E+04  nc
Hexanone, 2- 591-78-6 No Yes - 3.00E-02 I - 1.10E+03 1.10E+03  nc
Methyl Isobutyl Ketone (4-methyl-2-pentanone) 108-10-1 No Yes - 8.00E-01 H - 2.92E+04 2.92E+04  nc
Naphthalene 91-20-3 No Yes 3.40E-05 C 3.00E-03 CI 7.51E+01 1.10E+02 7.51E+01  ca**
Propyl benzene 103-65-1 No Yes - 1.00E+00 S - 3.65E+04 3.65E+04  nc
Propylene 115-07-1 No Yes - 3.00E+00 C - 1.10E+05 1.10E+05  nc
Styrene 100-42-5 No Yes - 3.00E+00 H - 1.10E+05 1.10E+05  nc
Toluene 108-88-3 No Yes - 5.00E+00 P - 1.83E+05 1.83E+05  nc
Trimethylbenzene, 1,2,4- 95-63-6 No Yes - 7.00E-02 P - 2.56E+03 2.56E+03  nc
Trimethylbenzene, 1,3,5- 108-67-8 No Yes - 1.00E-02 P - 3.65E+02 3.65E+02  nc
Xylene, P- 106-42-3 No Yes - 1.00E-01 S - 3.65E+03 3.65E+03  nc
Xylene, m- 108-38-3 No Yes - 1.00E-01 S - 3.65E+03 3.65E+03  nc
Xylene, o- 95-47-6 No Yes - 1.00E-01 S - 3.65E+03 3.65E+03  nc

Output generated   26OCT2016:09:16:49

This spreadsheet and all the information contained within is provided “as-is” for the intended sole use of the Illinois Environmental Protection Agency (IEPA) only.  Any use or re-use of the electronic form of the spreadsheet is at the user’s sole 
risk. No license, express or implied, by estoppel or otherwise, to any intellectual property right is granted in any form.


