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 INTRODUCTION 

 

The Michigan City Generating Station (MCGS, or Station) is a coal-fired power plant located on 

the southern shore of Lake Michigan in Michigan City, Indiana.  The MCGS is located on an 

approximately 123-acre site about one-mile northwest of Michigan City, at 101 Wabash Street 

(Figure 1).  It is owned by Northern Indiana Public Service Company, LLC (NIPSCO, LLC). The coal 

combustion residuals (CCR) generated by the coal-fired units have been historically placed in five 

on-site surface impoundments with a combined surface area of approximately 11.4 acres located 

southwest of the generating station (Figure 2).  The five MCGS surface impoundments that 

historically managed CCR are regulated under different federal and state programs.  Two of the 

surface impoundments are subject to the federal CCR Rule published in 40 CFR §257 and the 

Indiana state CCR program promulgated in 329 IAC 10.  The remaining three surface 

impoundments were removed from service prior to the effective date of the federal CCR Rule and 

closure of these three units is regulated by an Amended Agreed Order (AAO) between NIPSCO, 

LLC and the Indiana Department of Environmental Protection (IDEM) dated September 22, 2015 

to be closed under 329 IAC 10.  All five of the surface impoundments are scheduled for closure 

by removal, under a single construction activity beginning in Q2 of 2022. 

 

Of the two surface impoundments regulated under the CCR Rule, the Boiler Slag Pond (BSP) was 

an active pond at the effective date of the regulation and is subject to the original compliance 

schedule.  An Assessment of Corrective Measures (ACM) Report for the BSP, dated January 8, 

2020, has been posted to the NIPSCO, LLC website. The Primary Settling Pond No. 2 (Primary 2) 

was inactive at the effective date of the regulation and is subject to an extended compliance 

schedule approximately 18 months behind the original CCR Rule timeframe.   The ACM for Primary 

2 is due December 7, 2020.  A summary of the surface impoundments and governing regulatory 

programs is presented below on Table 1. 

 

Table 1: MCGS Surface Impoundments by Regulatory Program 

Assessment of Corrective Measures, Michigan City Generating Station 

Subject to CCR Rule Subject to  

IDEM/NIPSCO, LLC  

Amended Agreed Order  

Under RCRA 

22 September 2015 

Original Schedule for 

Active Ponds 

 15 October 2015 Rule 

Extended Schedule  

for Inactive Ponds  

5 August 2016 Direct Final Rule 

Boiler Slag Pond Primary Settling Pond No. 2 Primary Settling Pond No. 1 

  Secondary Settling Pond No. 1 

  Secondary Settling Pond No. 2 
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1.1 DOCUMENT PURPOSE  

 

On July 8, 2020, NIPSCO, LLC reported that as of June 8, 2020, arsenic and thallium had been 

detected at statistically significant levels (SSLs) above the Groundwater Protection Standards 

(GWPS) of 17 micrograms per liter (ug/L) based on the background concentration developed for 

Primary 2, and 2 ug/L based on the Maximum Contaminant Level (MCL), respectively.  The ACM 

documented in this report has been prepared in accordance with §257.96 to evaluate remedial 

alternatives for Primary 2 “to prevent further releases, to remediate any releases and to restore 

the affected area to original conditions” (§257.96[a]).  Closure by removal will “prevent further 

release” and is an important component of the corrective measure at Primary 2 as detailed in the 

closure application for surface impoundments at the MCGS, which was filed with IDEM on 

December 20, 2018.  This ACM addresses the groundwater component of the Primary 2 remedy. 

 

1.2 DATA SOURCES REVIEWED 

 

The following data sources were reviewed to develop an understanding of conditions at the 

Station, which are summarized in the bullets below.  In addition, Wood has relied on published 

technical reports and regulatory guidance that are cited as appropriate in Section 6. 

 

 Surface Impoundment Closures (CCR Final Rule and RCRA Regulated) Closure Application, 

Michigan City Generating Station, Michigan City, Indiana, prepared by Wood Environment & 

Infrastructure Solutions, Inc., dated 20 December 2018. 

 

 2018-2019 Annual Groundwater Monitoring and Corrective Action Report – Primary 2, Golder 

Associates, Inc., dated 1 August 2019. 

 

 Notification of Statically Significant Levels above Groundwater Protection Standards, prepared 

by NIPSCO, LLC, dated 8 July 2020. 

 

 2019-2020 Annual Groundwater Monitoring and Corrective Action Report – Primary 2, 

NIPSCO, LLC, Michigan City Generating Station. Golder Associates, Inc., dated 1 August 2020. 
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 SITE BACKGROUND 

 

The MCGS is a 469-megawatt, coal-fired, steam turbine electric generating station located on the 

southern shore of Lake Michigan in Michigan City, LaPorte County, Indiana.  The MCGS is located 

on an approximately 123-acre site about one-mile northwest of Michigan City, at 101 Wabash 

Street and Latitude 41° 43' 15" N, Longitude 86° 54' 30" W.  The facility is bounded on the north 

by Lake Michigan; Trail Creek on the east; Chicago Southshore South Bend railroad to the south; 

and Indiana Dunes National Lake Shore on the west (see Figure 2).   

 

2.1 SITE DESCRIPTION AND HISTORY 

 

NIPSCO, LLC purchased the property in 1925 and started construction in 1929.  Until NIPSCO, LLC 

purchased the property, it was utilized by the railroads as a dock for unloading cargo from ships 

(IDEM, 2012).  The MCGS began electricity generation in February 1931 using several different 

power generating units that were built and decommissioned between 1931 and 2012 (Units 1, 2, 

and 3).  The development and expansion of the MCGS by NIPSCO, LLC required the installation of 

sheet pile barriers along the Lake Michigan shoreline and to the east along Trail Creek (Figure 2). 

The first of these barriers were constructed starting around 1929 (AMEC, 2008). From the 1930s 

additional sheet pile walls were added by NIPSCO, LLC to accommodate expansion of the MCGS 

and to support the creation and reconfiguration of the CCR surface impoundments. The 

subsequent barrier structures were installed along Lake Michigan, creating a parallel series of two 

sheet pile walls along the shoreline, and at various locations within the MCGS site, primarily within 

the central and northwestern areas (AMEC, 2008).  

Currently, Unit 12 is the only unit in operation and is planned for continued operation (Golder, 

2018).  Unit 12 is a coal-fired boiler/steam turbine that has been active since 1974 and was 

upgraded in 2016 to include a dry flue gas desulphurization (FGD) “scrubber” technology to 

reduce emissions.  The FGD by-product that is generated is transported offsite for reuse or 

disposal.  Most of the remaining MCGS site surface area, specifically the Power Generation Area 

and the CCR Management Area (Figure 2), is paved with asphalt or covered by inert materials 

that include gravel and steel slag.   

 

2.2 CCR REGULATORY STATUS 

 

Groundwater corrective action under the federal CCR Rule is triggered through a two-phase 

program of groundwater monitoring:  detection and assessment.  Primary 2 is currently in the 

Assessment Monitoring phase of the program (40 CFR §257.95).  A statistical evaluation of 

groundwater monitoring data has been conducted, and the unit is required to enter Groundwater 
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Corrective Action (§257.96 through §257.98) based on exceedances of the GWPS for arsenic and 

thallium. 

 

As indicated in Section 1.2, a closure application dated December 20, 2018 (Wood, 2018a) was 

submitted to IDEM for all five CCR impoundments, including the Primary 2.  A Supplemental 

Addendum dated February 28, 2019 (Wood 2019) was subsequently submitted to IDEM specific 

to the post-closure monitoring well network for all five units.  The proposed network is comprised 

of 16 existing wells, which includes four of the eight Primary 2 CCR monitoring wells discussed in 

Section 2.4.5, and 12 new wells.  During development of the post-closure application and in 

discussions with IDEM a two-year, post-closure monitoring period was proposed to evaluate the 

effectiveness of source removal and attenuation before implementing a groundwater corrective 

action.  During the post-closure monitoring period additional data will also be collected to further 

evaluate groundwater corrective action alternatives, if needed.  

 

2.3 DESCRIPTION OF PRIMARY 2 

 

Primary 2 was designed by Sargent and Lundy Engineers (S&L) of Chicago, Illinois in 1972, and 

put into service in 1973 and has been continuously owned and operated by NIPSCO to the present 

time. Primary 2 was constructed by grading a flat bottom area, with 2.5 horizontal (H) to 1.0 vertical 

(V) slopes (2.5H: 1V) to the top grade matching the slope of the perimeter road surrounding the 

surface impoundments. The above grade embankment is approximately 14 feet high on the 

outside and approximately 19 feet high on the inside.  

 

Primary and secondary settling ponds were constructed and operated in separate pairs, where the 

primary pond received ash sluice water and effluent from the MCGS plant consisting of boiler 

blowdown and wastewater from the boiler drains. The secondary pond received decanted effluent 

from the primary pond and functioned as a polishing pond prior to discharging to the Final Pond. 

Primary 1 and 2 operated in alternating fashion: when one primary pond was filled, the second 

primary pond was placed into operation while ash was removed from the first pond, dewatered, 

and transported off-site for disposal in the permitted CCR landfill at the NIPSCO, LLC R.M. Schahfer 

Generating Station in Wheatfield, IN.  

 

Primary 2 is no longer accepting CCR or non-CCR discharges from the generating station and is 

primarily dry except with limited rainwater during the wet season. There is one discharge structure 

in Primary 2 that is constructed of concrete and utilizes stop logs to control water elevation and 

currently discharges to the Final Pond.  Excess water is occasionally discharged to Lake Michigan 
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from the Final Pond through a permitted National Pollutant Discharge Elimination System (NPDES) 

outfall.   

 

2.4 CONCEPTUAL SITE MODEL 

 

In order to support the assessment of corrective measures, a Conceptual Site Model (CSM) has 

been developed for the Primary 2.  The following sections provide information on the 

hydrogeologic setting at the MCGS, including climate, physiography and drainage, geology, 

hydraulic properties of the principal groundwater flow zone, and surface water.  The CSM then 

identifies the specific Constituents of Concern (COCs) in the environment and describes how each 

migrates in the subsurface along potential transport pathways.   

 

2.4.1 Climate 

 

The temperatures in the northern area of Laporte County are moderated by Lake Michigan 

creating a warmer winter and cooler summer compared to central Indiana. National Oceanic and 

Atmospheric Administration's National Weather Service 2000 to 2018 average temperatures 

reported at Laporte, IN ranging from a monthly mean average low of 24.7 degrees Fahrenheit in 

January to a monthly mean average high of 73.1 degrees Fahrenheit in July 

(http://w2.weather.gov/climate/). The normal annual average amount of precipitation from 2000 

to 2018 was 43.03 inches recorded at Laporte, IN (http://w2.weather.gov/climate/).  

 

2.4.2 Regional and Local Geologic Setting 

 

Most of Laporte County lies within the glaciated plateau region.  The Pennsylvanian bedrock 

system in this area consists of recurring beds of undifferentiated limestone, shale, sandstone, coal, 

and clays. The Pennsylvanian system is underlain by Mississippian system sandstones and shales. 

Bedrock is not exposed in LaPorte County, but is instead overlain by unconsolidated deposits of 

sand, gravel, silt, and clay.  At the MCGS, bedrock is separated from the upper water-bearing sand 

units by a thick sequence dominated by clay, with interbedded silts and sands.  This unit is 

identified as the “Lower Clay” in Figures 3 and 4, which depict glacial deposits and fill near Primary 

2 based on logs from soil borings and monitoring wells. 

 

During the Pleistocene Epoch, the entire county was subject to multiple glacial advances and 

retreats. Till and meltwater deposits of sand and gravel were deposited over bedrock as glaciers 

advanced and retreated across the landscape; however, sediment deposited from the most recent 

glacial advance, the Wisconsinan glaciation, are the only remnant left from these glacial periods.  
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As the Wisconsinan glacier retreated from Indiana, the ancestral Lake Michigan began to form as 

a proglacial lake. The water was held back by a complex of end moraines to the south (referred to 

as the Valparaiso Moraine) and the retreating glacier to the north. Subsequent rising and lowering 

of the lake elevation (due to another glacier advance and retreat, isostatic rebound, and climate 

changes) resulted in depositional sequences of sand, gravel, silt, and clay. The total thickness of 

unconsolidated sediment within the vicinity of the MCSG facility ranges between 50 and 250 feet. 

 

2.4.3 Groundwater Flow System Characteristics  

 

2.4.3.1 Regional Aquifers 

 

Unconsolidated deposits are the principal source of groundwater supply in LaPorte County (IDNR, 

1994).  Five unconsolidated aquifers have been mapped across the County: 1) Calumet Aquifer 

system; 2) Lacustrine Plain Aquifer system; 3) Valparaiso Moraine Aquifer system; 4) Valparaiso 

Outwash Apron Aquifer system; and 5) Kankakee Aquifer system (IDNR, 2010). The Calumet 

Aquifer System and Lacustrine Plain Aquifer System are present in the northwest corner of LaPorte 

County and in the Lake Michigan Region.  

 

The Lacustrine Plain Aquifer system is a series of confined aquifers consisting of fine to medium 

grained glaciolacustrine sand capped by lacustrine silt and clay or till. Static water level depths in 

the Lacustrine Plain Aquifer system are variable and some flowing artesian wells exist in LaPorte 

County. The average thickness is approximately 24 feet (IDNR, 2010); however, thicknesses as 

much as 90 feet have been observed in local bedrock valleys. Transmissivity values reported for 

the Lacustrine Plain Aquifer system range between 10,000 and 50,000 gallons per day per foot 

(gpd/ft). Reported well yields are up to 500 gallons per minute (gpm) (IDNR, 1994). Typical well 

yields range between 5 and 50 gpm for domestic wells and between 80 and 500 gpm for higher 

capacity wells (IDNR, 1994). Long-term sustainability varies and depends on thickness and lateral 

continuity of the aquifer. Due to the low permeability clay and till capping the Lacustrine Plain 

Aquifer, it is most likely not hydraulically connected to the Calumet Aquifer system. 

 

The Calumet Aquifer system is present beneath the MCGS facility and is comprised of fine to 

medium grained glaciolacustrine or coastal sands interbedded with lacustrine silt and clay. Static 

water levels vary according to surface elevation. The Calumet Aquifer system is unconfined to 

semi-confined. Saturated thickness ranges between 5 and 40 feet but is commonly between 20 

and 30 feet (IDNR, 2010). Transmissivity values reported by Rosenshein and Hunn (1968) for the 

Calumet Aquifer are up to 50,000 gpd/ft and hydraulic conductivity ranges between 150 to 1,000 

gallons per day per square foot.  Transmissivity values reported by the IDNR (1994) range between 
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10,000 and 25,000 gpd/ft; however, where fine-grained sand is predominant (in the northwest 

corner of LaPorte County), estimated transmissivity values are typically less than 10,000 gpd/ft. 

The Calumet Aquifer is not well developed and there are no significant groundwater withdrawals 

from this aquifer (IDNR, 2010). The reported well yields are up to 150 gpm (IDNR, 1994); however, 

typical reported well yields are between 5 and 20 gpm for domestic wells and between 30 and 

150 gpm for higher capacity wells.  

 

2.4.3.2 Groundwater Recharge 

 

Infiltration from precipitation is relatively high for the Calumet Aquifer system due to the sandy 

soils located within the Calumet Lacustrine Plain. As discussed previously, average annual 

precipitation recorded between 2000 and 2018 at LaPorte, IN is 43.03 inches. Only a percentage 

of precipitation reaches the water table due to surface run-off and evapotranspiration. The 

potential for surface run-off is greatest during intense storms and in urban areas where the ground 

surface is paved. Annual evapotranspiration estimated for northwest LaPorte County is 

approximately 25 to 26 inches during an average year (IDNR, 1994; Jones, 1966; and Newman, 

1981).  In the summer, evapotranspiration typically exceeds annual precipitation. This deficit 

causes groundwater levels to decline during the warmer months. During the cooler months, 

precipitation exceeds evapotranspiration which in turn allows more precipitation to reach the 

water table. The IDNR (1994) reported an annual groundwater recharge rate of 500,000 gallons 

per day per square mile (gpd/mi2) (10.5 inches per year) for the Calumet Aquifer System. 

Rosenshein and Hunn (1968) provided a slightly higher recharge rate of 600,000 gpd/mi2 (12.6 

inches per year).  Recharge is much lower in areas of urbanization and industrialization.  

 

2.4.3.3 Groundwater Flow 

 

Groundwater flow in the unconsolidated sediments is primarily within the sand units and flows 

regionally to the north and northwest, toward Lake Michigan (Scott, 2012).  Groundwater level 

data within approximately a 1.5-mile radius of the site was obtained from Indiana Department of 

Natural Resources (IDNR) water well record database and was interpolated in combination with 

site-specific well data to develop a sub-regional potentiometric surface for comparison to the 

regional potentiometric surface from Scott (2012).  The regional and sub-regional potentiometric 

contours are shown together on Figure 5.  Both sets of contours generally indicate a similar flow 

of groundwater from the south toward the north and northwest. The sub-regional contouring also 

indicates groundwater flow in the unconsolidated aquifer is flowing towards Trail Creek. There is 

also a steeper gradient just south of the MCGS site for the sub-regional interpolation and 

differences are likely related to the scale of the interpolation and datasets used.   
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Groundwater at the MCGS eventually discharges to Lake Michigan and Trail Creek as indicated by 

the water-table contours in Figure 6.  However, as discussed in Section 2.1 both Lake Michigan 

and Trail Creek at the MCGS are separated from the land by sheet pile walls, which influence the 

flow of groundwater. The sheet pile walls indicate a reduction in the horizontal flow and discharge 

to Lake Michigan and Trail Creek.  Areas of reduced flow are evident where groundwater contours 

plot perpendicular to the sheet pile walls. 

 

The convergence of groundwater flow in the southwest portion of the property near well MW-3 

is interpreted to be flow beneath the sheet pile wall in an area where the upper clay is thin or 

discontinuous and the sheet pile does not extend to the lower clay unit, which is deeper in this 

area (see Figure 3).  In the northeast portion of the property, the water-table contours indicate 

flow towards the sheet pile walls, and likely through seams and minor imperfections.  Since 

discharge to Primary 2 ceased in 2018, the groundwater mound has dissipated somewhat, but the 

overall flow pattern described above has not changed (Figure 6). 

 

Groundwater seepage velocities were calculated in Appendix J of the RCRA Facility Investigation 

(RFI) Report (Golder, 2018).  Calculated seepage velocities ranged from approximately 16 feet per 

year using the lowest calculated hydraulic conductivity and lowest calculated hydraulic gradient 

to approximately 500 feet per year using the highest calculated hydraulic conductivity and highest 

calculated hydraulic gradient.  The average calculated flow velocity was approximately 170 feet 

per year.  These calculations were based on an assumed effective porosity value of 35% for well 

sorted sand and silt.  The average Darcy flux would therefore be approximately 60 feet per year.  

Assuming an average saturated thickness of 30 feet over 2700 feet (approximate length of 

upgradient site boundary), the volumetric flux eventually discharging to Lake Michigan and Trail 

Creek would be 4,860,000 cubic feet per year, or approximately 70 gpm.  

 

2.4.4 Regional Surface Water 

 

Natural drainage ways in the Lake Michigan Region of LaPorte County drain towards Lake 

Michigan. Trail Creek drains directly into Lake Michigan and is a commercial harbor where it 

adjoins the northeast border of the MCGS facility. The Trail Creek watershed drains approximately 

93.2 square miles in the Lake Michigan Region. The average estimated run-off directly into Lake 

Michigan (which includes surface run-off and groundwater discharge to streams) for the 

watershed is 18.87 inches (IDNR, 1994). The run-off estimate was determined using stream flow 

records with at least 20 years of recorded data.  Annual run-off estimated for Trail Creek at 

Michigan City is 20.35 inches (IDNR, 1994). Seventy-six percent of the total run-off is baseflow 

(IDNR, 1994). 
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A United States Geological Survey (USGS) gauging station (USGS 04095380 at Michigan City 

Harbor) is located approximately one-half mile upstream of the confluence between Trail Creek 

and Lake Michigan. The average monthly discharge measured over a 12-year period (from 

October 1994 to October 2016) ranges between 88 and 134 cubic feet per second. Discharge is 

typically lowest in September and peaks during the month of March. Daily gage height measured 

from October 2007 through March 2018 shows, on average, the highest stage elevation occurs in 

July and the lowest stage elevation occurs in January. Stage elevation during this period ranges 

between 575.6 feet above mean sea level (ft amsl) as recorded on November 11, 2008, and 581.7 

ft amsl as recorded on July 13, 2017.  

 

Lake Michigan surface water levels are monitored at the National Water Level Observation 

Network Calumet Harbor station (Station 9087044).  Trail Creek water elevations at USGS gaging 

station 04095380 track with changes in Lake Michigan surface water elevations with a difference 

of approximately 0.5 foot.  The average Lake Michigan and Trail Creek surface water levels 

between mid-June and mid-August 2018 were 580.9 and 581.3 ft amsl, respectively.  Lake 

Michigan and Trail Creek are inferred as discharge points for shallow unconsolidated groundwater 

when comparing the surface water levels to the groundwater elevation contours (Figure 6).  

 

2.4.5 Groundwater Quality 

 

Consistent with the requirements of 40 CFR §257.90 and 257.91, NIPSCO, LLC designed, 

constructed, and developed a groundwater monitoring system for Primary 2. NIPSCO, LLC 

identified four existing monitoring wells (GAMW-05, GAMW-08, GAMW-09, and GMMW-01- 

installed as part of an ongoing RCRA Corrective Action groundwater program) that are 

appropriately located and constructed to serve as CCR Rule-compliant monitoring wells. To 

complete the monitoring system as per CCR Final Rule interpretations, seven wells were installed 

in June 2016, including GAMW-12 through GAMW-18.  As shown in Figure 7 the monitoring 

network for this CCR unit consists of three background wells and eight downgradient wells. 

NIPSCO obtained certification from a qualified professional engineer stating that the groundwater 

monitoring system was designed and constructed to meet the requirements of 40 CFR §257.91. 

 

Groundwater at the MCGS has been monitored since 2014 as part of the ongoing RCRA Corrective 

Action Program, and voluntarily before 2014.  Per the requirements of 40 CFR §257.94, eleven 

independent background groundwater samples were collected from each background and 

downgradient well between July 2016 and October 2018 at intervals of at least 49 days to account 

for both seasonal and spatial variability in groundwater quality. The first detection monitoring 

event was conducted in April 2019.  Based on statistically significant increases (SSIs) identified 
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during the initial Detection Monitoring event, an assessment Monitoring Program was established 

for Primary 2 on October 16, 2019.  The Verification Monitoring event was conducted in February 

2020.   At that time Primary 2 had detections of arsenic and thallium at statistically significant 

levels (SSLs) above the groundwater protection standards.  The SSLs were confirmed after the 

second Assessment Monitoring event of April 2020, and notification was posted on July 8, 2020 

stating that as of June 8, 2020, Primary 2 had detections of arsenic and thallium at SSLs above the 

groundwater protection standards as prescribed in §257.95. On September 6, 2020, NIPSCO 

posted notification that an assessment of corrective measures, as prescribed in §257.95(g)(3), had 

been initiated for Primary 2.  

 

According to the USGS (2002), arsenic and thallium occur naturally as trace constituents in 

different minerals, including sedimentary pyrite, sulfide ores, and iron oxides. These trace 

elements can be found in sediment and leached from sediment and minerals into groundwater. 

In groundwater associated with these natural mineral sources, arsenic and thallium concentrations 

are generally below 3 and 1 ug/L, respectively. 

 

2.4.5.1 Arsenic at MCGS 

 

The background concentration (and GWPS) for arsenic at the Primary 2 was established as 17 

ug/L.  The range of detected arsenic concentrations in groundwater collected from the eight 

downgradient wells at Primary 2 for the period July 2016 to April 2020, which includes 14 events, 

are as follows: 

 

 GMMW-01 - 14 to 43 ug/L 

 GAMW-08 - 14 to 44 ug/L 

 GAMW-09 - 6.2 to 17 ug/L 

 GAMW-13 - 29 to 49 ug/L 

 GAMW-14 - 22 to 44 ug/L 

 GAMW-15 - 13 to 44 ug/L 

 GAMW-16 - 23 to 49 ug/L 

 GAMW-17 - 15 to 60 ug/L 

 

Arsenic is not a conservative constituent, meaning the mass of arsenic dissolved in groundwater 

can change significantly as the result of geochemical interactions.  According to the USGS and 

others (Smith 1999, Hinkle and Polette 1999), arsenic mobility in groundwater is largely controlled 

by one of two geochemical interactions: (1) adsorption and desorption reactions and (2) 

precipitation and dissolution reactions. The mass of arsenic migrating in groundwater from CCR 
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sites is primarily influenced by changes in solution chemistry, mineralogy, pH and/or 

reduction/oxidation (redox) conditions. Arsenic can be present within groundwater under 

different redox states (e.g. As(III) versus As(V)) that effect its sorption characteristics (Smith 1999, 

Hinkle and Polette 1999). Arsenic speciation testing on groundwater samples collected from select 

wells at the MCGS in support of a treatability study (Attachment A) has shown that some of the 

concentrations detected in groundwater to date are associated with the presence of arsenite 

(As(III)), which is typically more soluble than arsenate (As(V)) as arsenate adsorbs strongly to 

aluminum, manganese, and iron hydroxides over a broader range of pH values.  

 

Under the site-specific conditions at Michigan City, circumneutral pH and relatively oxic, arsenic 

is expected to be retained on aquifer solids and relatively immobile.  Sequential extraction results 

from the 2018 investigation (Appendix B; Golder, 2018) also support attenuation of arsenic on 

aquifer sediments and indicate a potential for additional arsenic attenuation in some areas, with 

limited additional attenuation capacity in other areas.  The indication is that arsenic concentrations 

have the potential to decrease along a flow path where there is greater remaining attenuation 

capacity, and where the attenuation capacity is limited, arsenic will instead continue to migrate 

with decreasing concentrations attributed to dispersion and dilution.  

   

Current areas of more reducing redox conditions in groundwater may also change post-closure 

to more oxic conditions favoring attenuation of arsenic on aquifer solids, which may not be 

immediately evident.  Groundwater geochemistry will be evaluated during the, post-closure 

period to assess changes over time that may favor arsenic removal from the dissolved phase. 

 

2.4.5.2 Thallium at MCGS 

 

The GWPS for thallium at Primary 2 was established as the MCL of 2 ug/L.  The range of detected 

thallium concentrations in groundwater collected from the eight wells positioned downgradient 

of Primary 2 for the period July 2016 to April 2020, which includes 14 events, are as follows: 

 

 GMMW-1 - 1.4 to 5.2 ug/L 

 GAMW-08 - 0.089J to 3.2 ug/L 

 GAMW-09 - 0.22J to 1.6 ug/L 

 GAMW-13 – 0.21J to 4.3 ug/L 

 GAMW-14 - 1.9 to 5.2 ug/L 

 GAMW-15 - 1.1 to 3.7 ug/L 

 GAMW-16 – 1.0 to 2.5 ug/L 

 GAMW-17 – 1.6 to 5.6 ug/L 
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Thallium (Tl) is widely distributed in natural environments but typically at low concentrations. The 

most common minerals containing thallium are lorandite (TlAsS2) and crooksite (CuTlSe) (Alloway, 

2013).    

 

Thallium occurs in the environment in two oxidation states the thallus ion (Tl+) and the thallic ion 

(Tl3+). The geochemical behavior of Tl+ is analogous to that of potassium (K+), and the lower 

oxidation state may predominate in aqueous systems (Lin et al., 1999). The proportion of Tl3+ 

increases considerably under acidic oxidizing conditions. The behavior of Tl3+ is somewhat like 

that of Al3+ but Tl3+ hydrolyzes more readily than Al3+, and the insoluble oxide, Tl2O3(s) forms at 

low pH (<2) and remains insoluble at higher pH values (>10) than Al2O3 (McBride 1994). Therefore, 

in groundwater and surface water environments Tl3+ is expected to be very immobile while the 

mobility and transport of Tl+ is expected to fairly high. Greater retention of thallium is found in 

soils containing large amounts of clay, organic matter and iron (Fe) and manganese (Mn) oxides 

(Alloway, 2013).  As indicated in Section 2.4.6 below, porewater data from Lake Michigan and 

Trail Creek indicate that attenuation mechanisms are effective at reducing thallium concentrations 

to levels that are not detected above 1 ug/L only a short distance downgradient of the Primary 2 

waste boundary.   

 

2.4.6 Groundwater/Surface Water Interaction 

 

As documented in the RFI Report (Golder, 2018) groundwater at the MCGS flows toward Lake 

Michigan and Trail Creek.  Shallow groundwater flows horizontally in the fill, and some seepage 

through the sheet pile walls is expected.  Shallow groundwater also moves downward from fill 

into the underlying native sands.  Deep groundwater in the native sands below fill eventually 

discharges to Lake Michigan and Trail Creek.  Sampling of sediment porewater and surface water 

at the sediment/lake interface in Lake Michigan and Trail Creek was performed in August and 

November 2018.  Sample locations in Lake Michigan were established as close as possible to the 

rip rap along the MCGS shoreline and as close as possible to the sheet pile along Trail Creek 

(Figure 8).  Details of the sampling and analysis for the August 2018 event are provided in a memo 

dated October 2, 2018 (Haley & Aldrich and Wood, 2018; Attachment B).  The November 2018 

event employed the same sampling and analysis protocols.  The maximum arsenic concentrations 

detected in sediment porewater from Lake Michigan and Trail Creek were 18 ug/L and 30 ug/L, 

respectively (see Table 2).  It is important to note that sources other than Primary 2 are 

contributing to the arsenic detected in sediment porewater (e.g., backfilled Primary 1).   

 

Surface water concentrations of arsenic in Lake Michigan and Trail Creek ranged from non-detect 

to an estimated concentration 0.95 ug/L and from non-detect to 1 ug/L, respectively (Table 2).     



NIPSCO, LLC Michigan City Generating Station  Wood Project No. 7382193341 

Assessment of Corrective Measures, Primary Settling Pond No. 2  7 December 2020 

 

 

2-11 

   

These surface water concentrations of arsenic are comparable to results from the most upstream 

location positioned to represent background conditions in Trail Creek, where arsenic was detected 

in surface water from non-detect to 1.2 ug/L. All surface water concentrations of arsenic, when 

detected, are approximately 10-fold lower than the MCL of 10 ug/L. 

 

Thallium was not detected in sediment porewater or surface water at any sampling location in 

Lake Michigan or Trail Creek above the reporting limit of 1 ug/L, which is below the GWPS (in this 

case the MCL) of 2 ug/L.  These data indicate that thallium detected above the GWPS at the waste 

boundary of Primary 2 does not persist in groundwater above detectable levels downgradient of 

the former impoundment. 

  

2.4.7 Plume Delineation 

 

Figures 9 and 10 depict the distribution of arsenic and thallium in groundwater collected from 

the CCR wells during the October 2018 event, respectively.  The October 2018 groundwater event 

was selected because there are arsenic and thallium porewater data for August 2018 at nearby 

location PW-102 in Lake Michigan.  Included in both graphics are data from the CCR well network 

for the BSP because as indicated in Figure 6, at least a portion of the BSP is located downgradient 

of Primary 2.  Inclusion of the BSP is viewed as conservative, because this unit was identified as 

contributing arsenic at concentrations above background as detailed in the Assessment of 

Corrective Measures for the Boiler Slag Pond (Wood, 2020).  Thallium was not identified as a 

constituent of concern at the BSP. 

 

The contouring in Figure 9 indicates concentrations of arsenic above 30 ug/L below Primary 2 

based on three data points (GAMW-8, GAMW-13 and GAMW-17).  Arsenic concentrations decline 

to less than the MCL of 10 ug/L in all directions away from Primary 2, including porewater in 

sediment below Lake Michigan (4.3 ug/L).  Included in Figure 9 (but not contoured) are arsenic 

concentrations from deep wells MW-102 and MW-104 for the August 2018 sampling event 

(Wood, 2018b). The arsenic concentration in groundwater from deep well MW-102 (18 ug/L) is 

lower than that reported for nearby shallow well GAMW-13 (38 ug/L); likewise, the concentration 

in deep well MW-104 (6.8 ug/L) is lower than nearby shallow well GAMW-17 (36 ug/L).  The 

screened intervals for deep wells MW-104 and MW-102 are included in cross-sections A-A’ 

(Figure 3) and B-B’ (Figure 4), respectively. The oblong shape of the arsenic plume reflects the 

hydraulic divide that was prominent below Primary 2 when it was receiving process water, with 

flow components to the northeast and southwest, approximately paralleling the sheet-pile wall.  

Since discharges to Primary 2 have ceased, it is expected that the groundwater mound once 

present below Primary 2 will dissipate.   
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Figure 10 shows that thallium concentrations do not persist above the MCL of 2 ug/L any 

significant distance away from the central portion of Primary 2.  Thallium was not detected above 

the reporting limit of 1 ug/L in porewater below Lake Michigan or in groundwater from deep wells 

MW-102 and MW-104.  The thallium plume has a similar shape and orientation as the arsenic 

plume. 
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 IDENTIFICATION AND DEVELOPMENT OF CORRECTIVE MEASURE 

ALTERNATIVES 

 

This section describes the initial screening of applicable remedial technologies and process 

options to address groundwater impacts for Primary 2.  The size and nature of the site may require 

corrective action to address more units than Primary 2 alone, but appropriate CCR Rule 

requirements are addressed for Primary 2 in this document.  

 

3.1 ESTABLISHMENT OF CORRECTIVE ACTION OBJECTIVES (CAOS) 

 

The objective of corrective action under the CCR Rule is to “attain the groundwater protection 

standard as specified pursuant to §257.95(h)” and “to prevent further releases, to remediate any 

releases, and to restore affected area to original conditions” (40 CFR §257.96(a)).  Removal of CCR 

from Primary 2, as detailed in the Closure Application (Wood, 2018a), will prevent further releases. 

Evaluation criteria for groundwater corrective action are specified in §257.96(c), including: 

 

 The performance, reliability, ease of implementation, and potential impacts of appropriate 

potential remedies, including safety impacts, cross-media impacts, and control of exposure to 

any residual contamination;  

 

 The time required to begin and complete the remedy; and 

 

 The institutional requirements, such as state or local permit requirements or other 

environmental or public health requirements that may substantially affect implementation of 

the remedy(s). 

 

The cleanup criteria used for corrective action are the GWPS for arsenic and thallium.  The GWPS 

is a site-specific background value or the MCL, which ever is highest.  For Primary 2, the GWPS for 

arsenic is a site-specific background value and the MCL for thallium.  

 

3.2 SCREENING AND EVALUATION OF REMEDIAL TECHNOLOGIES  

 

General Response Actions (GRAs) are categories of remedial actions that can reduce the 

concentrations of arsenic and thallium in groundwater.  Remedial alternatives are combinations 

of specific process options within each of the GRAs that are selected for detailed evaluation (as 

described in Section 4, below).  In a traditional CERCLA Feasibility Study, the “No Action” 

alternative is a GRA that is required to be analyzed as a baseline for comparison to other 
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alternatives.  However, in this ACM, the “No Action” alternative has been eliminated from 

consideration since it is not permitted under the federal CCR Rule once corrective action has been 

triggered by statistical analysis of groundwater monitoring results. Monitored Natural Attenuation 

(MNA) is a GRA that is allowed under the current CCR Rule. Note that MNA is different than 

groundwater monitoring only in that it is necessary to demonstrate irreversible sorption of arsenic 

to aquifer solids to justify MNA as a remedy.  This standard of proof is less important for thallium 

as it is not detected downgradient of Primary 2, indicating effective natural attenuation.  Studies 

in support of an MNA demonstrations for arsenic and thallium will be conducted during the post-

closure groundwater monitoring period.   

 

As a primary corrective measure, source control will be conducted at Primary 2. Surface 

impoundment contents (CCR) will be excavated and removed during the closure process. A two-

foot soil cover having a permeability of 1*10-5 centimeters per second, or less will then be placed 

over the excavated area.  In addition to source control, hydraulic containment of groundwater can 

be achieved by construction of a barrier wall, extraction with treatment for discharge or re-

injection, or a combination of barriers and pumping.  Although these technologies are routinely 

employed to remediate groundwater, they are not necessarily well-suited for all sites.   

 

Certain traditional remediation technologies are not well suited for arsenic and thallium because 

of their physical and chemical characteristics.  For example, many organic COCs can be degraded 

over time into harmless by-products through biological or chemical processes.  Some organics 

can be volatilized and removed from the groundwater by transferring them into the air phase (air 

sparging), and or by heating the aquifer matrix to more aggressively volatilize the compounds 

(steam stripping or electrical resistance heating).  These types of technologies were not evaluated, 

because arsenic and thallium are naturally occurring.  Arsenic and thallium cannot be degraded 

into harmless by-products like many organic compounds.  Arsenic and thallium at Primary 2 are 

in relatively soluble forms and generally less volatile than water, which prohibits phase transfer.   

 

Arsenic can be made immobile through stabilization within the aquifer matrix, either through 

adsorption or conversion into less soluble forms.  Alternately, extraction of impacted groundwater 

can be used to accelerate the migration and removal of arsenic from the aquifer system since pore 

volumes are replaced by upgradient groundwater and infiltrating rainwater.  However, this ability 

to accelerate remediation via groundwater extraction is limited by adsorption of arsenic to the 

aquifer soils and the slow processes of desorption and diffusion from that matrix. The treatment 

technologies presented in the following section have been selected based on feasibility and 

demonstrated success at similar sites. 
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Thallium can be made immobile through stabilization within the aquifer matrix, either through 

adsorption or mineral precipitation processes. The retention of thallium is greatest in 

environments high in clay, organic matter and Fe and Mn oxides.  

 

The technology types and process options presented in Table 3 were screened for applicability at 

Primary 2 and either retained or not retained for further evaluation regarding effectiveness as 

required under §257.96(c)(1), (2) and (3).  As an outcome of this screening process, the process 

options that were retained for development of alternatives (as described in the next section) are 

identified in Table 3. 

 

3.3 DEVELOPMENT OF CORRECTIVE MEASURES ALTERNATIVES 

 

Corrective action measures assessed for Primary 2 at the MCGS have been developed based on 

site-specific conditions at the station, in conjunction with remedial actions that are technically 

implementable and effective for arsenic.  Less emphasis is placed on thallium, which does not 

persist in groundwater at the MCGS based on site-specific groundwater data.  Corrective Measure 

Alternatives were developed that combine the effects of source control on groundwater quality 

(CCR removal), followed by other combinations of technologies retained for additional evaluation.  

Section 4 contains a detailed evaluation of each alternative, compared to CAOs specified in 

§257.96(a). 
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 DETAILED EVALUATION OF CORRECTIVE MEASURE ALTERNATIVES 

 

This section presents descriptions of the rationale, conceptual design, and performance 

monitoring of the retained remedial alternatives for the treatment of arsenic in groundwater at 

Primary 2.  As indicated in earlier sections, removal of CCR from within the unit will provide a 

source control corrective measure for Primary 2 and will be the initial component of any of the 

remedial alternatives described below.  The following five remedial alternatives have been 

retained for evaluation: 

 

 Alternative No. 1:  Monitored Natural Attenuation. 

 Alternative No. 2: Groundwater Extraction and Discharge of Treated Groundwater to 

Surface Water. 

 Alternative No. 3: Groundwater Extraction and Discharge of Treated Groundwater to a 

Publicly Owned Treatment Works. 

 Alternative No. 4:  Groundwater Extraction and Discharge of Treated Groundwater to the 

Subsurface. 

 Alternative No. 5:  Permeable Reactive Barrier (PRB). 

 

Each alternative is evaluated against the following criteria included in 40 CFR §257.96: 

 

1. Effectiveness and Implementability:  The performance, reliability, ease of 

implementation, and potential impacts of appropriate potential remedies, including safety 

impacts, cross-media impacts, and control of exposure to any residual contamination. 

 

2. Timeframe:  The time required to begin and complete the groundwater corrective action, 

where completion is defined by §257.98(c). 

 

3. Institutional Requirements:  The institutional requirements, such as state or local permit 

requirements or other environmental or public health requirements that may substantially 

affect implementation of the remedy(s). 

 

4.1 ALTERNATIVE NO 1:  MONITORED NATURAL ATTENUATION  

 

4.1.1 Description 

 

In contrast to more active remedial alternatives, MNA relies on demonstrated natural processes 

ongoing in the subsurface to achieve site-specific CAOs by irreversibly removing dissolved-phase 
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inorganics from groundwater.  Natural attenuation includes physical, chemical and biological 

processes in the groundwater flow system that act without human intervention to reduce the 

mass, toxicity, mobility, volume, or concentration of contaminants.  Attenuation processes are 

controlled by many complex variables, including the amount of iron or organic carbon present in 

the groundwater flow system matrix, redox conditions, and overall groundwater geochemistry.  

For inorganics, the United State Environmental Protection Agency (USEPA, 2007) states that “…risk 

reduction in ground water is realized through the sorption of the inorganic contaminant onto 

aquifer solids in combination with the long-term stability of the immobilized contaminant to resist 

remobilization due to changes in ground-water chemistry.” 

 

Arsenic can be very amenable to the geochemical “sequestering” mechanisms in aquifer systems 

under favorable conditions. The amount of arsenic detected at Primary 2 is limited to a finite 

source and based on sequential extraction data loading away from Primary 2 is still possible and 

may provide additional attenuation capacity. While redox conditions may change post-closure 

that could promote desorption, post-closure conditions are potentially likely to increase the redox 

potential of the system by allowing more oxygen from fresh recharge in areas that were previously 

inundated by stagnant impoundment water therefore increasing the attenuation capacity for 

arsenic.  As described in Section 2.4.5, sequential extraction testing on the aquifer solids from 

native sands below fill at the MCGS indicate that arsenic has the potential to migrate away from 

high concentration source areas but still have the potential to attenuate away from source areas 

where redox and aquifer conditions may become more favorable. 

 

Thallium can be amenable to the geochemical “sequestering” mechanisms in aquifer systems 

under favorable conditions. As noted in Section 2, thallium is retained in soils with large amounts 

of clay, organic mater and Fe and Mn oxides (Alloway 2013). In addition, both Tl+ and Tl3+ 

containing mineral phases, Tl2O and Tl2O3, respectively, have broad stability fields over a wide 

range of pH and Eh (Brookins 1988). Current conditions in groundwater at downgradient wells 

show slightly alkaline pH and slightly reducing Eh, which favors stability of the soluble Tl+ ion. 

Post-closure conditions are potentially likely to increase the redox potential of the system by 

allowing more oxygen from fresh recharge in areas that were previously inundated by stagnant 

impoundment water therefore increasing the attenuation capacity for thallium.  

 

Closure under this option is accompanied by a groundwater monitoring program to evaluate MNA 

and demonstrate progress toward achieving the GWPS.   Primary 2 monitoring wells would be 

sampled semi-annually for appropriate CCR Appendix III and IV constituents, total organic carbon, 

sulfate, alkalinity, and field parameters including pH and redox potential.  Analytical results would 

be evaluated to assess overall reduction in groundwater concentrations of arsenic and thallium. 
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Additionally, the collection of soil samples can be used in conjunction with site groundwater to 

assess mass transfer and attenuation of inorganics including arsenic and thallium. Studies 

including sequential extractions, batch extractions, and column testing can all be used to assess 

MNA.  

  

4.1.2 Effectiveness and Implementability 

 

Arsenic concentrations in groundwater range from 6.2 to 60 ug/L in the eight monitoring wells 

located downgradient of Primary 2, typically greater than the GWPS of 17 ug/L.  Thallium 

concentrations in the downgradient wells range from 0.089 ug/L to 5.6 ug/L. The lowest 

concentrations measured at each of the eight wells are all below the GWPS of 2 ug/L.  Source 

removal will reduce future contributions of arsenic and thallium to the subsurface, with a 

corresponding reduction in groundwater concentrations.   

 

Implementation of MNA is relatively easy, which does not alter naturally occurring geochemical 

conditions at the site and would not limit options for more active remediation if required in the 

future.  All services need to implement the remedy (well installation, environmental sampling 

activities, laboratory analysis, and environmental reporting) are readily available. 

 

4.1.3 Timeframe 

 

Initial testing indicates that sorption of arsenic may be limited to certain areas within the aquifer 

downgradient of Primary 2 and that desorption of arsenic (i.e. reversable sorption) may occur in 

other areas unless there is a change in redox conditions that favor additional irreversible sorption 

of arsenic.  However, because arsenic concentrations are relatively low downgradient of Primary 

2, the desorption and transport of arsenic away from Primary 2 may result in acceptable 

improvement in groundwater quality in a reasonable timeframe.   

 

As part of the closure process, NIPSCO, LLC proposes a 2-year period of groundwater monitoring 

after source removal before implementing corrective action for groundwater. This will allow time 

to evaluate the benefit of the source control measure and to demonstrate MNA. The supplemental 

addendum to the closure plan included additional wells downgradient of Primary 2 to monitor 

improvement in groundwater quality (Wood, 2019).  Soil and groundwater data collected during 

the post-closure monitoring period will be used to determine if MNA is a viable technology and 

to develop a groundwater flow and transport model to assess the time needed to achieve 

compliance with the arsenic and thallium GWPS at the Primary 2 waste boundary.  If studies 

support MNA, then monitoring will be conducted and compared with the model-predicted 
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concentration trends to assess MNA effectiveness.  If field results indicate that MNA will not 

achieve the GWPS within a reasonable timeframe another groundwater corrective measure would 

be implemented if that alternate remedy were deemed to significantly accelerate remediation 

compared to MNA. 

 

4.1.4 Institutional Requirements 

 

A restrictive environmental covenant will be required to limit the use of groundwater at the MCGS.  

The only additional institutional requirement would be IDEM concurrence.  No other permits or 

agency coordination are required. 

 

4.2 ALTERNATIVE NO. 2:  GROUNDWATER EXTRACTION AND DISCHARGE OF 

TREATED GROUNDWATER TO SURFACE WATER 

 

4.2.1 Description 

 

Extraction wells placed at or near the downgradient waste boundary of Primary 2 can be used as 

a hydraulic barrier to minimize migration of the arsenic and thallium away from the unit.  The 

extraction-well system would be designed to recover the amount of groundwater that flows 

through the saturated thickness above the underlying clay unit (approximately 10-15 feet).   As 

indicated in Figures 3 and 4, the limited saturated thickness near Primary 2 may require several 

well points to achieve the desired capture. Trenches may be more effective than wells if the 

saturated thickness of the aquifer does not allow the drawdown necessary to affect the same 

capture efficiency as a trench, especially one that penetrates the entire thickness of the plume 

down to clay.   For the purposes of this ACM, it is assumed that pumping wells can be properly 

positioned to achieve the desired capture zone.  It is anticipated that the combined extraction rate 

to capture groundwater from Primary 2 would be somewhat less than the calculated volumetric 

flow across the entire site of 70 gpm, perhaps on the order of 25 gpm.  This option assumes that 

extracted groundwater is collected and treated at the surface, prior to discharge under a NPDES 

permit to Lake Michigan. 

 

Once the groundwater is extracted, several treatment technologies can be used to physically or 

chemically remove arsenic and thallium from the groundwater prior to discharge.  As described 

above, thallium does not persist in groundwater at the MCGS and is not the primary target for 

remediation; however, once extracted with the groundwater, if sufficiently concentrated thallium 

might have to be treated to achieve the required discharge standard.  It is also quite possible that 

thallium would not be detected above the discharge standard, or not at all because of the 
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potential dilution caused by the radial contribution of aquifer waters to the extraction well(s) from 

zones where thallium may not be detected. 

  

One of the commonly used treatment technologies for arsenic (among other metals) is chemical 

precipitation, which allows the soluble metal ions to be converted into insoluble precipitates using 

coagulants such as iron salts and polymers.  Clarification removes the insoluble precipitates and 

other suspended solids, and filtration polishes the effluent prior to discharge.  Other technologies 

include adsorption, filtration through granular ferric media, reverse osmosis and ion exchange.   

 

The primary removal technologies for thallium include adsorption and precipitation, which have 

been studied by Means (1978), Bidoglio, et. al. (1993), Dahal, et. al. (1996), LeFever (2003), KiKuchi, 

et. al. (1990), Eyde, et. al. (1998) and Rivera-Utrilla, et. al. (1984). These studies show that while 

adsorption or precipitation can remove thallium to some extent it is difficult to reduce thallium to 

below the EPA MCL value of 2 μg/L reliably (L.G Twidwell, 2002). Other technologies such as 

conventional ion exchange media for removal of metals from drinking water were not found to 

be effective for thallium removal (L.G Twidwell, 2002) (Andersen, 2018). 

 

Bench-scale studies were completed in 2019 to assess the effectiveness of various technologies 

to treat site groundwater.  Details of the bench-scale study are provided in a memo dated February 

12, 2020 (Attachment A).  The primary focus of the testing was to evaluate the ability of a pump 

and treat system to remove arsenic and selenium to the target treatment levels.  Fluoride removal 

was also evaluated.  (Note that arsenic, selenium and fluoride were selected as analytes of concern 

for the treatability study before arsenic and thallium were detected at SSLs downgradient of 

Primary 2.) Each technology was compared against a target treatment limit which represented the 

lowest of the three regulatory standards applicable to the site (i.e., IDEM RCG, GLI, and MCLs). 

 

Testing was conducted for groundwater treatment processes that could reasonably be employed 

in a pump and treat system including: 

 

 Reduction with ferrous iron; 

 Reduction with zero valent iron (ZVI); 

 Co-precipitation;  

 Media adsorption with an iron enhanced activated alumina; and 

 Media adsorption with a titanium-based media. 

 

Groundwater collected from six (6) representative monitoring wells was composited into a single 

sample and used in the treatability testing.  An aliquot of the composited sample was submitted 
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for laboratory analysis of several parameters, including arsenic, selenium and fluoride, to obtain 

base-line concentrations, and the remainder was utilized in the testing.  Aliquots of the sample 

were collected for speciated arsenic both in the field and upon receiving the samples at the test 

location. The speciated results indicated that most of the selenium, 94%, was in the selenate form 

when the sample was collected in the field and the proportion did not significantly change after 

shipping. The speciated results indicated that most of the arsenic, 73%, was in the arsenite form 

when the sample was collected in the field and changed significantly after shipping with most of 

the samples tested being in the arsenate form, 99%. Given the speciated results, the treatability 

testing focused on selenium removal as removal of selenate is more difficult than selenite whereas 

removal of arsenate is easier than arsenite and more well understood. 

 

As described in detail in Attachment A, a total of twenty-two (22) treatability tests were 

completed utilizing various combinations of reduction reagents/media, co-precipitation reagents, 

and adsorption media at various pH ranges.  The results of the twenty-two (22) tests demonstrated 

that arsenic in the arsenate form can be effectively removed by iron reduction and co-

precipitation, media adsorption, or media adsorption following iron reduction and co-

precipitation.  In fact, all the treatment scenarios had a 99% rate of removal for arsenic as 

compared to the base-line samples and achieved effluent concentrations well below the target 

treatment limit.  Selenium, in the selenite form, was partially removed by the tested treatment 

options, with the tests using reduction processes followed by adsorption media performing the 

best with 37 to 53% selenium removal.  However, none of the tested technologies achieved the 

target treatment limit for selenium.  Fluoride was effectively removed by the tested adsorption 

media, reducing fluoride concentrations to below laboratory detection limits. 

 

Based on the treatability bench-scale testing, a pump and treat system using oxidation, ferric co-

precipitation and adsorption is expected to meet the arsenic and fluoride discharge targets, but 

not the selenium discharge target. 

 

Once the thallium SSL was detected at Primary 2, a literature review was performed and the prior 

treatability testing was re-evaluated for possible effectiveness of thallium removal.  Findings were 

presented in a memo dated August 4, 2020, which is also included in Attachment A. Based on 

the literature review, conventional technologies that are commonly used for metal removal can 

also remove thallium; however, they are not typically effective for removal of thallium to below 

the MCL (2 µg/L). Additional testing for the removal of low-level thallium using a pump and treat 

system would be required if it were determined that influent concentrations of thallium were high 

enough to require treatment prior to discharge.   
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Since arsenic and thallium are chemical elements, they cannot be destroyed by treatment.  

Treatment only transfers arsenic or thallium from one medium (groundwater) into another 

(carbon, sludge or concentrated brine).  These media must be shipped offsite for appropriate 

disposal. 

 

4.2.2 Effectiveness and Implementability 

 

This alternative effectively decreases the total mass of arsenic and thallium in the subsurface 

because the material is removed through groundwater extraction.  Treatment will effectively 

reduce arsenic and thallium concentrations to acceptable levels prior to discharge and will isolate 

and concentrate the mass of extracted inorganics for offsite disposal.  Groundwater extraction 

rates can also be modified, and extraction-well locations can be added as necessary to improve 

capture efficiency.  Ex-situ treatment allows for different technologies to be added as needed to 

address the different groundwater constituents identified near Primary 2, as pumping may induce 

the capture of inorganics from portions of the aquifer affected by other CCR units located near 

Primary 2. 

 

It is important to note that other inorganics that do not exceed the GWPS established for Primary 

2 will nonetheless be present with arsenic and thallium in the extracted groundwater and that all 

inorganics must be treated to meet existing surface water criteria.  A treatment technology that is 

very effective for arsenic removal from the extracted groundwater may not be effective for other 

inorganics (e.g., selenium).  In those cases, additional treatment technologies would have to be 

employed with potential technology limitations for achieving some criteria for surface water 

discharge.  It may also be difficult to secure a separate NPDES permit for long-term discharge of 

treated groundwater to Lake Michigan from a pump and treat system that may be required to 

operate beyond the expected closure of the MCGS in 2028. 

 

The characteristics of the groundwater flow system make it relatively easy to extract groundwater, 

but modeling will be required to site and size the extraction wells needed for an efficient pumping 

network.  Treatment plant operators will be exposed to untreated groundwater and will need to 

handle treatment chemicals as part of the process.  These risks can be mitigated by proper 

engineering controls and personal protective equipment (PPE). 

 

4.2.3 Timeframe 

 

The design, construction and start-up of a groundwater extraction system and treatment plant 

will likely take at least 18 months following closure of Primary 2.  Permitting requirements 
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described in Section 4.2.4 will be a primary driver in the time to initiate treatment.  Pumping 

removes arsenic and thallium from the groundwater system, instead of relying on natural 

processes to remove arsenic and thallium from the aqueous phase via irreversible sorption onto 

aquifer solids.  Extraction generally decreases the time to achieve compliance with the GWPS when 

compared to MNA; however, the decrease associated with pumping may not be significant if the 

groundwater extraction rate is designed to capture the volume of groundwater flow under natural 

(i.e., pre-pumping) gradients that would exist for MNA.  Modeling will be necessary to predict the 

total time needed to achieve the GWPS at the waste boundary under pumping conditions to 

compare with the MNA alternative. 

 

4.2.4 Institutional Requirements 

 

A restrictive environmental covenant will be required to limit the use of groundwater at the MCGS. 

While no water withdrawal permits are required in Indiana, the station must register with IDEM as 

a Significant Water Withdrawal Facility if the total flow rate for the extraction system exceeds 

100,000 gallons per day. A NPDES discharge permit is required for direct discharge into Lake 

Michigan.  By regulation, IDEM is allotted 270 days to review a new major individual NPDES permit 

application plus a public notice period for a minimum of 30 days; additional time can also be 

required for addressing agency comments and information requests.  While IDEM has primacy to 

issue these permits, the USEPA has the right to comment on all draft major discharger permits.  In 

addition, IDEM requires the identification and notification of Potentially Affected Parties at the 

time the permit application is submitted.  An IDEM-issued Wastewater Facility Construction permit 

is also required prior to construction of the treatment facility.  

  

4.3 ALTERNATIVE NO. 3:  GROUNDWATER EXTRACTION AND DISCHARGE OF 

TREATED GROUNDWATER TO A PUBLICALLY-OWNED TREATMENT WORKS 

 

4.3.1 Description 

 

This alternative is identical to Alternative No. 2 except that extracted groundwater is treated and 

discharged to a publicly owned treatment works (POTW).  While anticipated treatment 

technologies would be identical to those considered in Alternative No. 2, it is possible that 

discharge limits to the POTW would be higher and less aggressive treatment may be required.  

Based on current conditions, it is anticipated that treated groundwater would be discharged to 

the Michigan City Sanitary District wastewater treatment plant located on Trail Creek, about 1.8 

miles upstream of the confluence with Lake Michigan. 
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4.3.2 Effectiveness and Implementability 

 

All aspects of effectiveness and implementability described in Section 4.2.2 for the extraction and 

treatment of groundwater are applicable for this alternative.  However, additional challenges may 

be presented by construction of an adequately sized discharge pipe from the extraction system 

to the nearest entrance to the Michigan City Sanitary District sewer system.  Moreover, the existing 

sewer may need to be upgraded to convey the additional volume of treated water from the 

extraction wells if not already sized for additional flows.  The ability of the POTW to accept the 

additional volume of treated groundwater would have to be confirmed. 

 

4.3.3 Timeframe 

 

The design, construction and start-up of a groundwater extraction system and treatment plant 

will likely take at least 18 months following closure of Primary 2.  Less permitting time may mean 

the alternative could be implemented faster than those requiring direct discharge through an 

NPDES permit.  The time to achieve compliance with the GWPS would be the same as Alternative 

No. 2 because the groundwater extraction and treatment system would be the same. 

 

4.3.4 Institutional Requirements 

 

A restrictive environmental covenant will be required to limit the use of groundwater at the MCGS.  

While no water withdrawal permits are required in Indiana, the station must register with IDEM as 

a Significant Water Withdrawal Facility if the total flow rate for the extraction system exceeds 

100,000 gallons per day.  An IDEM-issued Wastewater Facility Construction permit is also required 

prior to construction of the treatment facility and a pre-treatment permit must be obtained from 

the Michigan City Sanitary District prior to beginning discharge.  No IDEM permits are required 

for discharge or construction under this alternative.  

 

4.4 ALTERNATIVE NO. 4:  GROUNDWATER EXTRACTION AND DISCHARGE OF 

TREATED GROUNDWATER TO THE SUBSURFACE 

 

4.4.1 Description 

 

This alternative is identical to Alternative No. 2 except that extracted groundwater is treated and 

discharged to the subsurface using a recharge trench.  While anticipated treatment technologies 

would be identical to those considered in Alternative No. 2, it is possible that discharge limits to 

subsurface would be higher and less aggressive treatment may be required than might be 
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required for discharge to Lake Michigan.   This alternative would be considered in the event that 

permitting surface water discharge is not allowed and the POTW infrastructure or treatment 

capacity cannot accept the additional volume of treated groundwater.  

 

4.4.2 Effectiveness and Implementability 

 

All aspects of effectiveness and implementability described in Section 4.2.2 for the extraction and 

treatment of groundwater are applicable for this alternative.  However, additional challenges may 

be presented by construction of an adequately sized and positioned recharge gallery and the 

potential for fouling of the gallery with inorganic precipitates, typically iron.  If the recharge gallery 

is properly installed and maintained, this alternative would be more effective than Alternatives No. 

2 and 3 in that treated groundwater introduced to the subsurface would enhance flushing of 

arsenic and thallium from the aquifer. 

 

4.4.3 Timeframe 

 

The design, construction and start up of a groundwater extraction system and treatment plant will 

likely take at least 18 months following closure of Primary 2.  The time to achieve compliance with 

the GWPS would be accelerated compared to Alternatives No. 2 and 3 as a result of enhanced 

flushing due to the introduction of treated groundwater to the subsurface.  Modeling would be 

required to quantify this difference in the time to achieve the GWPS.  

 

4.4.4 Institutional Requirements 

 

A restrictive environmental covenant will be required to limit the use of groundwater at the MCGS.  

While no water withdrawal permits are required in Indiana, the station must register with IDEM as 

a Significant Water Withdrawal Facility if the total flow rate for the extraction system exceeds 

100,000 gallons per day.  An IDEM-issued Wastewater Facility Construction permit is also required 

prior to construction of the treatment facility.  Groundwater recharge activities are regulated 

under EPA Region 5’s Underground Injection Control (UIC) program.  Recharge of treated 

groundwater into the upper aquifer would constitute a Class V underground injection well that 

will require submission of inventory information to the EPA prior to implementation, and possibly 

permitting.  Typically, Class V wells used for groundwater cleanup are authorized by rule (i.e., no 

permit required), if the project is being done under a State or Federal program. 
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4.5 ALTERNATIVE NO. 5:  PERMEABLE REACTIVE BARRIER (PRB) 

 

As noted above, thallium does nor persist in groundwater downgradient of Primary 2 at detectable 

concentrations; therefore, arsenic removal would be the primary focus of this in situ treatment 

technology. 

 

4.5.1 Description 

 

In situ treatment methods for arsenic operate on the same principals that occur in natural 

attenuation:  dissolved arsenic is chemically sequestered onto a treatment medium as a relatively 

insoluble solid.  In-situ treatment removes the arsenic from solution more permanently than the 

existing aquifer solids because a significant amount of reactive medium is added to the subsurface 

and allowed to contact the arsenic-impacted groundwater.  A permeable reactive barrier, or PRB, 

is a passive technology that places treatment medium in a concentrated and permeable “wall,” 

constructed in a trench across the flow path of the groundwater plume.  As the impacted 

groundwater flows through the barrier wall, treatment medium in the wall remove the arsenic 

from groundwater.  The wall is designed to have relatively minimal impact on the natural 

groundwater flow conditions at a site. 

 

While effective treatment media do not exist for all Appendix IV constituents, PRBs have been 

implemented successfully for arsenic removal using a variety of medium including zero-valent 

iron (ZVI).  Arsenic removal by ZVI occurs using the same processes observed in MNA (adsorption 

and co-precipitation with iron corrosion products) but at a much faster rate due to the 

concentration of excess iron in the PRB.  Other proprietary media have been developed using 

additional additives to accelerate or enhance the removal process. 

 

As detailed in Attachment A, PRB column testing with groundwater from the MCGS was 

conducted using both organic and inorganic media, which were effective at treating primarily 

arsenic.  (Note that the focus of PRB column testing was arsenic, selenium and fluoride, which 

were selected before the SSLs were identified for Primary 2.) Two bench-scale columns were 

constructed with the following media components: 

 

 Inorganic material consisting of ferric oxyhydroxide (FeO(OH)) and coarse-grained sand, 

each ingredient at 50% by volume; and 

 Organic materials consisting of sawdust, alfalfa hay, municipal sewage sludge and coarse-

grained sand.  The composition by volume of the organic column was 37.5% sawdust, 

12.5% hay, 2% sewage sludge, and 48% sand. 
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The goal of the column testing was to determine the lowest hydraulic residence time (HRT) 

possible that would provide effective treatment of the site’s groundwater. 

 

Like the treatability testing described in Section 4.2.1, a composited sample of groundwater from 

six (6) on-site groundwater monitoring wells was utilized in the column testing.  The columns were 

constructed of clear 2-inch diameter Schedule 40 polyvinylchloride (PVC) pipe that was 18 inches 

in length.  Site groundwater was pumped through the columns with a peristaltic pump via ¼-inch 

PVC tubing connected at the top and bottom of each column. 

 

As detailed in Attachment A, the columns were each operated at six (6) different flow rates for 

several days to evaluate six (6) different target HRTs that decreased in 4-hour increments between 

24 hours and 4 hours.  Influent and effluent samples were collected on the last day of operation 

at each flow rate and analyzed for several parameters including dissolved metals.  The results of 

the two column studies indicated that overall, the inorganic media was more effective at removing 

arsenic.  The inorganic media had an arsenic removal rate of 99%, regardless of the HRT, while the 

organic media had a maximum arsenic removal rate of 85% at the second highest calculated HRT 

of approximately 18 hours.  The inorganic column was able to achieve the target treatment limit 

for arsenic, but the organic column was not. 

 

Once thallium was detected at a SSL for Primary 2, a literature review was performed and the prior 

column study was re-evaluated for possible effectiveness of thallium removal.  Findings were 

presented in a memo dated August 4, 2020, which is also included in Attachment A. Less is known 

about in situ remediation of thallium compared to arsenic; however, thallium removal by sawdust 

was also studied in full-scale groundwater remediation. A study applied PRBs for the remediation 

of thallium contaminated groundwater in Falciano del Massico, Itaty (D. Musmarraa, 2015). The 

groundwater was polluted by a solid waste landfill which was active in the late 1970s and 1980s. 

Sawdust was chosen as the reactive material for the PRB, which showed good thallium removal 

capacity. Numerical simulations were performed over a long time period to show the effectiveness 

of the PRB. According to computational results, the PRB would achieve effective and long-term 

thallium retention and aquifer protection.  

 

In the column study of 2019, testing showed both the inorganic and organic media used to 

simulate a PRB were able to reduce influent concentrations of thallium by more than 88% from 

approximately 0.81 µg/L to < 0.1 µg/L. This site-specific finding and the literature suggest 

successful PRB performance could be expected at the thallium concentration measured in 

groundwater from wells located downgradient of Primary 2 (the highest thallium concentrations 

ranged from 1.6 to 5.6 µg/L).  
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4.5.2 Effectiveness and Implementability 

 

PRB technology for arsenic removal has been demonstrated at the field test and full-scale 

implementation (USEPA, 2008, Bain et.al., 2006, ITRC, 2011).  The technology is relatively passive 

and has been proven to be effective in removing and bonding arsenic. Although preliminary 

research indicates it may be possible to remove thallium with a PRB, the requirement to remove 

thallium using an in situ technology is far less important than the need to remove arsenic, as 

thallium was not detected in any porewater or surface water samples downgradient of Primary 2 

(i.e., natural attenuation is already effective).   

 

A PRB can be challenging to install, since the barrier wall must be constructed in a way that 

groundwater will flow through it and not around or beneath it.  Therefore, the design usually 

requires the wall to be keyed into a relatively impermeable layer below the plume, such as bedrock 

or clay.  Subsurface investigations have identified a suitably thick layer of clay near Primary 2, 

about 30 feet below the surface, which provides an excellent material for anchoring the barrier 

wall.   

 

Wall thickness is another important design consideration as it controls the amount of time where 

the arsenic is in contact with the medium, as well as the overall mass of the treatment medium. 

Effective implementation is limited by the presence of other inorganic constituents in the 

groundwater that can form mineral precipitates on the surface of the reactive medium.  This 

process reduces the potential treatment sites and can clog the PRB (ITRC, 2011).   The reactive 

medium in the barrier wall can also become exhausted over time and may require replacement 

before the cleanup standards are achieved upgradient of the PRB. 

 

A funnel-and-gate system is a special type of PRB that uses impermeable barrier walls (the funnel) 

to encompasses and direct the plume to a relatively narrow and permeable treatment zone (the 

gate), where media have been placed to remove arsenic from the groundwater.  Funnel 

construction often employs sheet pile. The funnel and gate design can increase residence time in 

the reactive medium and reduce the total amount of reactive medium required compared to a 

trench-style PRB design.  A funnel-and-gate system can be a very effective enhancement in some 

settings, especially where existing sheet pile may be incorporated into the design; however, the 

overhead transmission lines that run above Primary 2 may preclude construction of sheet-pile 

barrier walls. 
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4.5.3 Timeframe 

 

The time required to achieve the GWPS downgradient of the PRB is relative short, since treated 

water flowing out of the PRB will contain very little (if any) arsenic or thallium.  Upgradient of the 

PRB the time to achieve compliance with the GWPS is expected to take slightly longer than a 

pump & treat alternative because the PRB does not accelerate the rate of groundwater flow.  

Modeling will be necessary to predict the total time needed to achieve the GWPS at the Primary 

2 waste boundary, depending on the location and design of the PRB.  If positioned sufficiently 

downgradient of Primary 2 boundary natural attenuation mechanisms may be sufficient to reduce 

thallium concentrations to levels were PRB treatment is not required. 

 

4.5.4 Institutional Requirements 

 

A restrictive environmental covenant will be required to limit the use of groundwater on the site.  

Beyond approval by the agency, there are no additional institutional requirements for installing a 

PRB.  Exposure to the impacted groundwater is limited to construction and can be addressed with 

proper PPE.  Otherwise, treatment occurs passively below the ground surface.  
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 SUMMARY AND CONCLUSION 

 

It is anticipated that Primary 2 closure (removal of CCR) will be completed in 2022.  Source removal 

will reduce future contributions of arsenic and thallium to the subsurface.  Following closure, 

additional data will be collected to further evaluate the effectiveness of the impoundment closures 

on groundwater quality improvements.  During this time, NIPSCO, LLC will continue to evaluate 

the alternatives described in Section 4, collecting field data as necessary to support the most 

promising corrective measure alternatives, and the eventual selected remedy.   

 

Due to the proposed removal of CCR as the initial step in the corrective action measure, MNA is 

a viable technology if irreversible sorption can be demonstrated.  If active remediation is required, 

arsenic can be readily treated in-situ (e.g., using a PRB) or ex-situ following groundwater recovery.  

In situ treatment would target arsenic and is anticipated to be very successful, and the literature 

and initial bench-scale testing is promising for the treatment of thallium, if needed.  Groundwater 

recovery would be a secondary option because the extracted water would have to be treated for 

disposal.  Multiple inorganics in the extracted groundwater would have to be treated to achieve 

standards for discharge to Lake Michigan, the POTW, or the subsurface.  Some inorganics are 

difficult to treat with low discharge standards, making groundwater extraction, treatment and 

disposal potentially difficult. 

 

Twelve new monitoring wells will be installed and developed within 90 days of NIPSCO, LLC’s 

placing a notification of completion of closure of the CCR surface impoundments in the operating 

record per 40 CFR §257.100(c)(3). 

 

As soon as feasible, NIPSCO LLC will select a remedy that meets the requirements of §257.97(b), 

and as required by §257.96(e) NIPSCO LLC, will discuss the results of the corrective measures 

assessment in a public meeting 30 days prior to selecting the final remedy.  
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