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Example Site
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500’ Well Survey

Water supply well
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Current Use

• Is there a water supply well onsite?

– No

• Is there a potentially impacted offsite supply well?

– There is one supply well, 320’ upgradient from property boundary

– No supply wells are potentially impacted (professional judgment)

• The groundwater protection pathway is not complete for 
current use
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MIRBCA Form 13(1) – Onsite 
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MIRBCA Form 13(1) – Offsite 
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MIRBCA Form 13(2) – Onsite Future Use

GWNIAA

GW in a 
shallow, 
unusable 
aquifer
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MIRBCA Form 13(2) – Offsite Future Use
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Summary of Tier 1 Exposure Model
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Representative Concentrations

• Tier 1 – Recent Maximum for each COC

– Onsite – Determine recent maximum for each COC

– Offsite – Determine recent maximum for each COC

– Maximum can be from different wells
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Representative Concentrations
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Representative Concentrations

• Benzene – 220 ug/L

• Toluene – 1,500 ug/L

• Ethylbenzene – 830 ug/L

• Xylenes – 3,300 ug/L

• (for demonstration only)
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Onsite Current Use Evaluation
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Future Use Onsite Evaluation
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Replace ND values with <detection limit
(values in slide are for demonstration purposes only)
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Summary of Exceedances
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Recommendations Based on Tier 1 Evaluation
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Exposure Model for Tier 2 Evaluation
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Tier 2 Future Use POE
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A well cannot reasonably be installed if…

• Property is connected to municipal water

• Municipal water is available and there is an ordinance that 
either requires hookup or prohibits future wells

• Groundwater use on the property is reliably restricted 
pursuant to Section 21310a of the NREPA
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300’ Buffer from Property Boundary

Property boundary of 
property with supply 
well is within 300’ of 
site property boundary
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290 feet
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POE – Scenario 2

POCs
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Tier 2 Inputs

• Precipitation is 30”/year; assume infiltration is 10%

• Depth to GW is 16’

• Aquifer is silty sand, assume 35,000 cm/year (~1150 ft/year)

• Gradient is 1.5’ per 150’ = 0.01

• Mixing zone thickness 7’ estimated

• Source dimensions = 25’ by 25’
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Dilution Attenuation Factors

• DAF-vadose zone = 1

• DAF-mixing zone = 13.86

• DAF-saturated zone = 10.97

• DAF-POC1 = 1.40

• DAF-POC2 = 1.79

• DAF-POC3 = 8.40
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Tier 2 SSTLs

Benzene

Toluene

Ethylbenzene

Xylenes

RBTL(POE)

5

790

74

280

• DAF-POC1 = 1.40

• DAF-POC2 = 1.79

• DAF-POC3 = 8.40

• DAF-vadose zone = 1

• DAF-mixing zone = 13.86

• DAF-saturated zone = 10.97

SSTL(soil source) SSTL(GWsource) SSTL(POC1) SSTL(POC2) SSTL(POC3)

390 55 39 31 7

83248 8688 6184 4859 1034

12635 814 579 455 97

42223 3079 2192 1722 366
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Tier 2 Benzene SSTLs
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Width of groundwater source (Y)

• Estimate based on soil borings, plume width, size of release
• Can conservatively estimate large size
• Smaller width requires more justification

• 50’ = 5.78 DAF; 29 ppb benzene
• 25’ = 10.97 DAF; 55 ppb benzene
• 10’ = 27.09 DAF; 135 ppb benzene
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Dispersivity

• Longitudinal dispersivity (alpha-x)

– 10% of distance to POC

• Lateral dispersivity (alpha-y)

– 33% of longitudinal dispersivity

• Vertical dispersivity (alpha-z)

– 5% of longitudinal dispersivity
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Mixing zone thickness

• Estimate based on soil borings, plume thickness – preferred 

• Can be calculated

– GW source parallel to flow (W)

– Aquifer thickness (da)

– Infiltration rate (I)

– Hydraulic conductivity (K)

– Hydraulic gradient (i)
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Mixing zone thickness

• 2’ = DAF 37.24; 186 ppb benzene

• 7’ = DAF 10.97; 55 ppb benzene

• 12’ = DAF 6.86; 34 ppb benzene
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GW SSTLs are a function of:

• Width of groundwater source

• Mixing zone thickness

• The smaller the value, the more critical it is to ask:

– Is the value reasonable?

– Is the value supported by site data?

– Is the value protective of the POE?
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Range of SSTLs for POE at 150’

• Source width = 10’; thickness = 2’

• Source width = 50’; thickness = 10’

Benzene 5

Toluene 790

Ethylbenzene 74

Xylenes 280

Benzene 5

Toluene 790

Ethylbenzene 74

Xylenes 280

SSTL(GWsource) SSTL(POC1) SSTL(POC2) SSTL(POC3)

186 55 39 7

29425 8719 6101 1045

2756 817 572 98

10429 3090 2163 370

SSTL(GWsource) SSTL(POC1) SSTL(POC2) SSTL(POC3)

40 30 25 6

6305 4819 4015 1022

591 451 376 96

2235 1708 1423 362

5

790

74

280

5

790

74

280
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Range of Benzene SSTLs for POE at 150’
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Calculate soil SSTLs

• GW source width
• Mixing zone thickness

5 ppb benzene

Assume 1

Leachate concentration

Converts leachate concentration to soil 
concentration
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DAF-mixing zone

GW Darcy velocity

Hydraulic gradient

Hydraulic conductivity

Mixing zone thickness

Infiltration rate

Source parallel to GW flow

GW source SSTL

GW concentration at 
top of water table in 
source area
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DAF-mixing zone

• Higher DAF-mixing zone when
– High values for:

• Hydraulic conductivity

• Hydraulic gradient

– Small values for:
• Infiltration rate

• GW source dimension parallel to 
flow direction

• More critical to look at values 
when DAF is a large number
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Hydraulic conductivity
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Infiltration rate

• Annual precipitation

– Assume 10% of precipitation if site is unpaved

– Assume 1% of precipitation if site is paved
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Sensitivity Analysis

• Infiltration

– Variability in annual precipitation has little effect on SSTL

– 10% vs 1% of precipitation

– Affects soil SSTL by ~10x

• Hydraulic conductivity

– Range of several orders of magnitude

– A change in 10x affects soil SSTL by ~10x
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Soil SSTLs

– Infiltration of 30”/year x 10% (no pavement)

– Hydraulic conductivity of 35,000 cm/y (silty sand)

– Source parallel to flow of 25’

– Hydraulic gradient of 0.01

– Mixing zone thickness of 7’

• DAF-mixing zone = 13.86

– A 13x dilution from leachate to GW at edge of source area

– Need to convert leachate concentration to soil concentration
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Equilibrium Conversion Factor (ECF)

Dry soil bulk density

Henry’s Law constant (chemical-specific)

Volumetric water/air content

Soil-water partition coefficient

Organic carbon partition coefficient 
(chemical-specific)

Fraction of organic carbon
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Soil SSTL Calculation
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Takeaway

Soil concentrations in the source area 
are a poor indicator of groundwater 

concentrations at the POE
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Sensitivity Analysis

SSTL(soil source)

390

83248

12635

42223

Benzene

Toluene

Ethylbenzene

Xylenes

Infiltration rate at 10%, 
K = 35,000 cm/y
Foc = 0.002

SSTL(soil source)

36182

7730219

1173215

3920700

Infiltration rate at 1%, 
K = 350,000 cm/y
Foc = 0.002

SSTL(soil source)

2390

590231

103208

336380

Infiltration rate at 10%, 
K = 35,000 cm/y
Foc = 0.02
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Representative Concentrations

• Recent average – GW source

TMW-1 Concentration 1 Concentration 2 Concentration 3 Recent Average

Benzene 170 220 68 153

Toluene 1500 370 4.1 625

Ethylbenzene 830 64 43 312

Xylenes 3300 830 14 1381
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Representative Concentrations

• Recent average – POC1, POC2

MW-4 Conc 1 Conc 2 Average

Benzene 6.1 7.8 7.0

Toluene 110 160 135

Ethylbenzene 110 200 155

Xylenes 496 580 538

MW-3s Conc 1 Conc 2 Average

Benzene 95 26 60.5

Toluene 1 1 1

Ethylbenzene 1 1 1

Xylenes 1 1 1
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Benzene SSTLs and Representative Concentrations

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160

SSTL SSTL small source SSTL large source

153

61

7
ND



52

Toluene SSTLs and Representative Concentrations
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Ethylbenzene SSTLs and Representative 
Concentrations
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Xylenes SSTLs and Representative Concentrations
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Tier 2 Risk Evaluation – Without Biodegradation
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Groundwater Protection SSTLs with 
Biodegradation
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Biodegradation
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Half-life

• Benzene – default half-life of 5 years

• Can calculate site-specific half-life (Appendix C)
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What does half-life signify?

• Radioactive isotopes (e.g. 
C14)

– The time for 50% of isotope to 
decay

– C14 half-life is 5,730 years
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What does half-life signify?

• Source concentrations vs. time

• Concentration vs. distance

• Concentration of benzene is related to:
– Time (half-life)

– Velocity
• Hydraulic conductivity

• Hydraulic gradient

• Retardation factor (Koc, Foc)

• Porosity
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What does half-life signify?

• The time (and distance) for the concentration to decrease by 
50%

• In our example

– K = 35,000 cm/year

– V = 403 cm/year = 13 ft/year

• Assume benzene half-life = 5 years

– 13 ft x 5 years = 65 feet
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Biodegradation

• At 65’ = 50% concentration  1 half-life

• At 130’ = 25% concentration  2 half-lives

• At 195’ = 12.5% concentration  3 half-lives

• At 260’ = 6.25% concentration  4 half-lives

• At 325’ = 3.13% concentration  5 half-lives
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Benzene SSTLs with 5-year half-life

GW source POC1 POC2 POC3 POE

Benzene (5-yr half-life) 219 104 74 8 5

Benzene (no degradation) 55 39 31 7 5

Representative concentration 153 7 60 1
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Benzene SSTLs with 5-year half-life
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Site-specific half-life

• Identify wells along plume centerline

• Calculate natural log of concentrations

• Calculate slope: LN(concentration) vs. distance

• Test if null hypothesis can be rejected at 0.05 level of 
significance

– Null hypothesis: slope of regression line is zero (no relationship 
between LN(concentration) and distance

• Estimate seepage velocity and longitudinal dispersivity
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Site-specific half-life

• Multiple slope by seepage velocity to estimate k

• Estimate biodegradation rate (    )
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Site-specific inputs

GW source POC1

Distance 0 50

Concentration (event 1) 220 95

Concentration (event 2) 68 26

Half-life (event 1) 2.30

Half-life (event 2) 2.00

Half-life (average) 2.14
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SSTLs with site-specific half-life

GW source POC1 POC2 POC3 POE

Benzene (half-life 2.3 years) 810 249 162 9 5

Benzene (half-life 2.0 years) 1141 310 196 9 5

Benzene (half-life 2.14 years) 951 276 177 9 5

Benzene (5-yr half-life) 219 104 74 8 5

Benzene (no degradation) 55 39 31 7 5

Representative concentration 153 7 60 1
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SSTL comparison
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Sensitivity Analysis – hydraulic conductivity

• Half-life = 5 years

• K = 35,000 cm/year

• V = 13 ft/year

• SSTLsource = 219 ppb

• K = 350,000 cm/year

• V = 132 ft/year

• SSTLsource = 64 ppb

Soil SSTLs

GW SSTLs (bio)
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Michigan Department of 

Environment, Great Lakes, and Energy

800-662-9278
Michigan.gov/egle

Follow us at:  Michigan.gov/egleConnect

https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.michigan.gov%2Fegle%2F0%2C9429%2C7-135-3306-388510--%2C00.html&data=02%7C01%7CFeuersteinH%40michigan.gov%7C1871aa83887a4b0c644d08d6c74896a4%7Cd5fb7087377742ad966a892ef47225d1%7C0%7C0%7C636915511908961303&sdata=fe3hjbWp%2Bxu3L36LeIf0XFYcZgRvp%2FcdvER529jJL8o%3D&reserved=0
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