Appendix 8.1 Derivation of Default TPH Closure Levels

Red-colored text indicates revisions made to appendices as follows:

August 21, 2009 revisions were made to correct errata or provide clarifying
guidance based on the Announcement of Updates to TPH Remediation Goals
and Procedures dated July 16, 2009.

June 14, 2010 revisions were made to change the circumstances under which
TPH is investigated in ground water as discussed in the Announcement of
Changes to Total Petroleum Hydrocarbon (TPH) Procedures for Ground
Water dated June 17, 2010.

These documents are available on the RISC Technical Information and
Updates website at http://www.in.gov/idem/4202.htm.

A8.1 Introduction

The Default Closure Levels were determined for commercial/industrial (on
site) and residential (off site) surface soil (direct contact); and subsurface soil
(migration to ground water)-ane-the-ground-water'. The equations used to
determine these closure levels are presented in Appendix 8.2 and the default
input parameters are in Appendix 8.3. As with RISC, the default soil closure
levels are the lowest of the soil attenuation capacity, surface soil or subsurface
soil closure levels. For off site contamination, residential and industrial
properties are evaluated with residential exposure assumptions.

The general procedure is to determine the hazard quotient (HQ) for each
fraction of the default composition of 1,000 mg/kg of a theoretical fuel. The
hazard quotients are summed to derive the hazard index (HI) for the default
fuel. A proportion of the HI relative to an HI=1 is then used to determine the
default TPH concentration that would have an HI=1. This is the default
closure level. For diesel fuel sites, experience has shown that some
fractionation analyses resulted in a lower safe closure level than the default
composition yielded. Since the default closure level is based upon a theoretical
diesel fuel composition, a calibration? an-uncertainty factor of 0.5X is-used-in
the-caleulation was applied to the model for diesel fuel default closure levels.
: " | fuels i TN lated the defaul
- : : . Site specific closure
levels (nondefault) do not need to incorporate the calibration factor wil-ret

B

! As of June 14, 2010, IDEM no longer requires routine investigation of TPH as a parameter in ground water.
Rather, ground water investigations will focus primarily on individual COCs with a ground water TPH fractionation
necessary in certain cases where potable ground water wells may be impacted. See the June 17, 2010 announcement
referenced above for additional information.

2 IDEM determined that the original use of the word “uncertainty” was misleading. IDEM has found that TPH
analysis consistently calculated risk-based closure levels that were lower than the default fractionation analysis.
Thus, the 0.5 factor more accurately calibrates the analyses to experience.
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TPH closure = [1,000 mg/kg X 1.0 HI/ HI defau|tfue|] X 0.5 (diesel fuel Only)
For default, non-carcinogen closure levels, each of the 12 TPH fractions are
assumed to be in proportions that have been based upon the Washington
Department of Ecology for gasoline and diesel fuel (Table A8.1).

Table A8.1 Default Percent Compositions of Selected Fuels

Component Gasoline Percentage | Diesel Percentage
Aliphatic
EC 5-6 23.0 0.06
EC>6-8 22.0 0.31
EC > 8-10 9.0 1.02
EC > 10-12 3.0 4.18
EC > 12-16 0.0 30.00
EC > 16-21 0.0 42.60
EC>21-34 36 0.0 0.00
Aromatic
EC 8-10 41.0 0.94
EC > 10-12 2.0 3.53
EC > 12-16 0.0 9.68
EC > 16-21 0.0 7.61
EC>21-3436 0.0 0.07
TOTAL 100.00 100.00
A8.1.1 Derivation of Surface Soil Closure Levels

Assuming the TPH concentration of a particular fuel in the soil is 1,000 mg/kg,
calculate the concentration for each fraction using the percent composition in
Table A8.1. For example, if the aliphatic EC >8 — 10 fraction is 1.02% of
diesel, that represents a soil concentration of 10.2 mg/kg. Determine the
Hazard Quotient (HQ) for each fraction using equation A8.2-1, (Appendix 8.2)
and the fraction specific values found in Appendix 8.3.

Sum the HQs for the Hazard Index (HI). Normalize the HI to 1.0 using a
simple proportionality. For example, assume in a commercial/industrial
exposure scenario that 1,000 mg/kg of diesel yields an HI = 0.08598 8121776
(the sum of the Hazard Quotients for each of the 12 fractions). The
commercial/industrial surface soil closure level is:
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TPH closure = 1,000 mg/kg X 1.0 HI/ 008598 HI default fuel X 0.5 (dlesel
fuel only)

TPH ¢josure = 11,630 #825 mg/kg (the soil concentration with an HI = 1) X
0.5
= 5,815 3;942 mg/kg

This procedure was used to determine the default closure levels for each fuel
type and can be used to determine site-specific (nondefault) TPH closure levels
by fractionation analysis of on site contamination.

Table A8.2 Commercial/Industrial Diesel Surface Soil Hazard Quotients

Fraction % Csoil in HQ
Composition | 1,000 mg/kg
of TPH
Aliphatic EC 5-6 0.06 0.6 7.4E-6
LEEE
Aliphatic EC> 6-8 0.31 3.1 2.6E-5
ZEE-
Aliphatic EC> 8-10 1.02 10.2 7.9E-4
8-B4E-3
Aliphatic EC> 10-12 4.18 41.8 1.4E-3
LAE2
Aliphatic EC> 12-16 30.00 300.0 3.9E-3
39E-2
Aliphatic EC> 16-21 42.60 426.0 4.3E-5
A2E-
Aliphatic EC> 21-34 0 0 0
36
Aromatic EC 8-10 0.94 9.4 2.3E-4
A2
Aromatic EC> 10-12 3.53 35.3 7.6E-4
22E-2
Aromatic EC> 12-16 9.68 96.8 9.5E-4
22
Aromatic EC> 16-21 7.61 76.1 5.2E-4
5.2E-3
Aromatic EC> 21-34 0.07 0.7 4.8E-6
2= AAHEE
TOTAL 100 1,000 HI = 8.6E-3
012776
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A8.1.2 Derivation of Subsurface Soil Closure Levels

Default subsurface soil closure levels are based upon their potential to leach
contaminants into the ground water and produce an HI = 1. Default closure
levels in subsurface soil were determined using an iterative approach based
upon the leaching equation A8.2-3, (Appendix 8.2 and RISC Equation 7-1,
RISC Technical Guide) and the fraction specific values found in Appendix 8.3.
Using a theoretical 1,000 mg/kg TPH, the percent composition of each fraction
was converted to an equivalent subsurface soil concentration. The theoretical
ground water concentration for each fraction was then determined.

The ground water HQ for each fraction concentration was calculated using the
appropriate equation for commercial/industrial exposures (Equation A8.2-4,
Appendix 8.2) and residential exposures (Equation A8.2-5, Appendix 8.2).
The HQs were summed for the HI and then a simple proportionality was used
to determine a concentration in the subsurface soil that corresponds to an HI of
1.0 in the ground water. An example using the default composition for diesel
follows.
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Table A8.3 Derivation of the Commercial/Industrial Diesel Ground Water Hazard Quotients For
Calculating the Soil Migration to Ground Water Closure Level

Fraction Koc (ml/g) % ConcSoil in ConcGW® | HQ from GW
Composition | 1,000 mg/kg (mg/l) concentration
of TPH
Aliphatic EC 5-6 8.0 E+2 0.06 0.6 5.1E-4 2.9E-6
9.8E-3 2.9E-5
Aliphatic EC> 6-8 3.8 E+3 0.31 3.1 1.3E-3 7.4E-6
2.5E-2 7-3E-5
Aliphatic EC> 8-10 3.0E+04 1.02 10.2 7.9E-4 2.6E-4
1.5E-2 2.6E-3
Aliphatic EC> 10-12 2.4 E+05 4.18 41.8 4.3E-4 14E-4
8.5E-3 1.40E-3
Aliphatic EC> 12-16 | 5.4 E+06 30.00 300 1.4E-4 4.5E-5
e AEEA
Aliphatic EC> 16-21 9.5 E+09 42.6 426 1.2E-7 5.5E-10
1.3E-6 5.5E-9
Aliphatic EC>21-34 | 1.1E+13 0.0 0.0 0.0 0.0
36
Aromatic EC 8-10 1.6 E+03 0.94 9.4 1.4E-2 1.3E-3
2.7 E-1 6.7E-2
Aromatic EC>10-12 | 2.5 E+03 3.53 35.3 3.4E-2 6.6E-3
6.7E-1 0.17E-1
Aromatic EC>12-16 | 5.0 E+03 9.68 96.8 4.7E-2 9.3E-3
9.3E-1 0.23E-1
Aromatic EC> 16-21 | 1.6 E+04 7.61 76.1 1.2E-2 3.9E-3
2.3E-1 3.8E-2
Aromatic EC> 21-34 1.3 E+05 0.07 0.7 1.4E-5 4.4E-6
36 2.6E-4 AAE-E
TOTAL 1,000 HI =2.2E-2
0.507

1,000 mg/kg of this diesel fuel in the subsoil would result in a ground water Hl

=0.0216 6:56%

Using a simple proportionality, an HI of 1.0 in the ground water would result
from a TPH concentration in the subsurface soil of 4,638 4,976 mg/kg.
Adjusted for the model’s calibration wneertainty (0.5X), the subsurface soil
diesel commercial/industrial closure level would be 2,319 985 mg/kg.

A8.1.3

Ground Water Default Closure Levels

As of June 14, 2010 IDEM discontinued the TPH default closure levels for
ground water. TPH in ground water is measured only in potentially impacted

¥ Concentration in ground water is calculated from the soil concentration using IDEM’s default leaching model.
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potable wells. See the Announcement of Changes to Total Petroleum
Hydrocarbon (TPH) Procedures for Ground Water dated June 17, 2010
(available at http://www.in.gov/idem/4202.htm ) for additional information.

Nondefault closure levels can be calculated using the TPH Fractionation Tool
(version 1.3) located on the RISC website on the RISC Toolbox page.
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Table A8.5 Default TPH Closure Levels (The table format was changed to focus on pathway specific levels
rather than a single soil level)

Product Residential Industrial
Soils Soils
Direct Contact Migration to Direct Contact Migration to
(mg/kg) Ground Water (mg/kg) Ground Water
(mg/kg) (mg/kg)
Gasoline Range Organics 3,100 120 4,300 1,500
Diesel Range Organics 3,100 230 5,800 2,300
High End Hydrocarbon Oils 3,100 230 5,800 2,300

* The fuel specific maximum allowable concentrations have been dropped, but the maximum allowable TPH concentration in soil of 10,000 mg/kg for closure
using a nondefault closure level remains in effect. Soil concentrations greater than 10,000 mg/kg may be allowable if a site-specific risk assessment
demonstrates that risk levels are not exceeded or if risks are appropriately managed through engineered or institutional controls. For more information, see the
December 7, 2009, House Enrolled Act 1162 Interim Implementation Document at http://www.in.gov/idem/4202.htm.
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Coseineonge 6,000/2,000 3100 120 1.1 14
Ceonies NA NA
Organics NA NA
Hydrocarbon NA NA
Oils
Closure Table
; .|!|| | R | |
Soil- Ground ] Ground
Water—
Attenuation Direct Ground Closure Level| Closure Attenuation Closure Level | Closure Level
Capaeity | (mghkg) Water (mglkg) | Level{mglh Capaeity {mglkg)
{mglkg) {mglkg) {mglkg)
Surface! Surface/
Subsurface Subsurface
Diesel 6,000/ 2,000 3912 985 1,000- 11 6,000/ 2,000 80
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