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1. Executive Summary 

Foth Infrastructure & Environment, LLC (Foth) was retained by the Landfill of North Iowa (LNI) to provide 
an annual report summarizing the groundwater quality and hydrogeologic monitoring activities during 
2023. This 2023 Annual Water Quality Report (AWQR) was prepared using the Iowa Department of Natural 
Resources (IDNR) AWQR report format. The Monitoring Well Maintenance and Performance Reevaluation 
Schedule and Summary, Leachate Control System Performance Evaluation Report (LCSPER), and 
Methane Monitoring Report (MMR) have been incorporated directly into the AWQR as Tables 4, 5, 12, and 
13. 

1.1 Period of Report Coverage 

This AWQR presents an evaluation of the groundwater monitoring, methane monitoring, and leachate 
collection system monitoring, maintenance, and performance activities conducted at the Landfill of North 
Iowa for the period of January 1 through December 31, 2023. 

1.2 Report Priority 

No actions or activities are on hold due to completion of IDNR review or comment. There are no changes 
to the Hydrologic Monitoring System Plan (HMSP) requested in this report. 

A statistically significant increase (SSI) over background was identified for barium in the groundwater 
underdrain compliance point, GUA-1-2. In accordance with 567 Iowa Administrative Code (IAC) 
113.10(5)c.(3), an alternate source demonstration for barium in GUA-1-2 will be submitted by May 2, 
2024. 

1.3 Site Status and Applicable Rules 

LNI is located approximately 3 miles west-southwest of Mason City, Iowa in Section 22, Township 96 
North, Range 21 West, in Clear Lake, Iowa. The property is bound to the north by 250th Street and to the 
east by Killdeer Avenue. The surrounding land use is agricultural and residential. A site map depicting the 
characteristics of the landfill and surrounding areas is provided as Figure 1. 

The permitted portion of the landfill includes the closed Existing Unlined Disposal Area, the Existing Lined 
Disposal Area, and Cell A - Phases I, II, and III. Cell A - Phases I-III currently serve as the active filling 
areas. The landfill operates under Sanitary Disposal Project Permit No. 17-SDP-01-75P renewed by the 
IDNR on February 14, 2022 (IDNR, 2022). The applicable regulatory requirements are established in the 
most recent revisions to 567 IAC Chapter 113 (effective 12/10/07). 

Groundwater monitoring and reporting activities were conducted in accordance with Special Provision X.5 
and 567 IAC 113.10. Details regarding the statistical methods utilized are included with the statistical 
reports in Appendix B. Monitoring well maintenance and performance was conducted in accordance with 
567 IAC 113.10(2)f. 

Methane monitoring and reporting activities were conducted in accordance with Special Provision X.6 
and 567 IAC 113.9(2). 

The leachate collection system monitoring, maintenance, and performance activities were conducted in 
accordance with Special Provision X.2.d, X.2.e, X.2.k, and X.4, and 567 IAC 113.7(5)b. 
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2. Site Background 

2.1 Site History 

LNI consists of approximately 320 acres. The facility has been in operation since 1971 and has accepted 
municipal, commercial, and industrial wastes from Cerro Gordo and Franklin Counties, and parts of Floyd, 
Hancock, Winnebago, Wright, and Worth Counties in Iowa. The facility also serves as a regional collection 
for the collection of eligible household hazardous material and hazardous wastes from very small 
quantity generators within this service area and from contracted satellite facilities. 

Comprising approximately 41acres, the Existing Unlined Disposal Area located on the north side of the 
property is a closed, unlined disposal area. In 1996, a gravity toe drain was installed along approximately 
500 feet of the southeast perimeter of this area. The toe drain was tied into the leachate collection 
system for the Existing Lined Disposal Area (HDR, 1996). 

Located south of the Existing Unlined Disposal Area, the Existing Lined Disposal Area comprises 
approximately 27 acres and is a combination of closed clay-lined and active composite-lined phases. The 
initial phased development was constructed along the western portion of the expansion area using a 
compacted clay liner and an underdrain leachate collection system. In 1997 and 1999, Phases I and II of 
the Existing Lined Disposal Area were constructed to the east with a compacted clay and geosynthetic 
liner and an underdrain leachate collection system. The composite liner was tied into the existing clay 
liner for the western portion and the leachate collection systems were connected (Earth Tech, 1999). 

In 2009, the 8.8-acre Cell A, Phase I expansion cell was constructed south of the west portion of the 
Existing Lined Disposal Area. Cell A, Phase I was constructed with a geosynthetic liner, a groundwater 
underdrain system, and an underdrain leachate collection system. The groundwater underdrain system 
for Cell A, Phase I gravity drains to a sump located west of the cell where it is pumped to a man-made 
ditch running northwest, eventually discharging into Crane Creek (AECOM, 2009). 

In 2013, the 8.8-acre Cell A, Phase II expansion cell was constructed east of Phase I. Phase II was 
constructed with a geosynthetic liner, a groundwater underdrain system, and an underdrain leachate 
collection system. The liner, leachate collection system, and groundwater underdrain systems were tied 
into Phase I (AECOM, 2014). In addition, a composite liner was constructed over the south slope of the 
Existing Lined Disposal Area adjacent to Phase I. The slope liner was tied into the liner for Phase I. This 
liner was constructed to allow for placement of waste adjacent to the south slope of the Existing Lined 
Disposal Area while filling Cell A, Phase I. IDNR required the composite liner up the south slope to prevent 
leachate from entering the Existing Lined Disposal Area (AECOM, 2014). 

In 2018, the leachate force main project was constructed in accordance with the plans and specifications 
for the Landfill of North Iowa Sewer Force Main Project (Foth, 2018) approved by IDNR through Permit 
Special Provision X.3.i. The project consisted of: installation of a new trench drain along the westerly toe 
of the Existing Lined Disposal Area; removal of the north leachate load-out (Load-Out #1); extension of the 
gravity transmission line from former Load-Out #1 to the existing Cell A manhole that drains to a 96-inch 
lift station (Load-Out Lift Station or Load-Out #2); installation of a new on-site lift station (Primary Lift 
Station) located northwest of the Household Hazardous Materials (HHM) Regional Collection Center 
(RCC); installation of 4-inch force main piping from the Load-Out Lift Station to the Primary Lift Station; 
and installation of sanitary sewer force main between the Primary Lift Station and an existing City of 
Mason City sanitary sewer manhole near the Cerro Gordo Sheriff’s Office. Temporary start-up of the new 
force main began on September 13, 2018, with full operation by October 2, 2018. 

In 2019, the 8.8-acre Cell A, Phase III expansion cell was constructed east of Phases I and II. Phase III 
was constructed with an alternate clay liner, a geomembrane, a geosynthetic liner, a groundwater 
underdrain system, and an underdrain leachate collection system. The liners, groundwater underdrain 
system, and leachate collection system were tied into Phase II. Additional work was completed on the 
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existing stormwater drainage ditch located on the south side of Phases I and II. As part of Phase III 
construction, the stormwater manhole located on the southeast corner of Phase I, associated pumps and 
control panel were removed. The existing drainage ditch was backfilled and regraded to allow for surface 
drainage to the stormwater pond. A culvert was installed underneath the landfill access road running 
along the west side of the landfill property. Stormwater collected in the modified ditch will gravity drain 
through the new culvert to the existing stormwater located on the west side of the site. Cell A, Phase III 
construction was completed on November 18, 2019 (Foth, 2019b). IDNR approved the Construction 
Quality Assurance Report, Cell A – Phase II Construction (Foth, 2019b) and authorized placement of waste 
through Permit Special Provisions X.2.a and X.2k. 

In 2023, an abutment liner was installed on the north side of Cell A, Phases I and II. The abutment liner 
was tied into the north end of the liner for Cell A, Phases I and II, and overlays the clay-lined portion of the 
Existing Lined Disposal Area. The Cell A – Abutment Liner was constructed with a geosynthetic clay liner, 
a geomembrane, a geotextile cushion layer, and a tire-derived leachate drainage layer. In addition, nine 
gas vents were extended to the northern edge of the cell. The Construction Quality Assurance Report, Cell 
A - Abutment Liner (Foth, 2024) was submitted February 13, 2024 and is awaiting IDNR approval. 

2.2 Geology and Hydrogeology 

The site-specific geologic and hydrogeologic characteristics presented in this section are summarized 
from the 1990 Hydrogeologic Investigation/Evaluation submitted by HDR Engineering, Inc. (HDR, 1990) 
and the 2004 Hydrogeological Investigation Report For Landfill Expansion submitted by Earth Tech, Inc. 
(Earth Tech, 2004). 

The Landfill of North Iowa is in the northwestern portion of Cerro Gordo County, situated on the east 
margin of the Des Moines Lobe region and near the Iowan Surface to the east. The landfill property was 
constructed on a small, elongated hill bounded to the north and west by Crane Creek, to the south by 
agricultural land, and to the east by Killdeer Avenue and agricultural land. Hydrogeologic investigations 
were completed at the site in 1971-72, 1976-77, 1989, and 2003. 

2.2.1 Surficial Geology 

The surficial stratigraphy generally consists of 24 to 70 feet of glacial till and glaciofluvial outwash 
deposits overlying Devonian-age bedrock. The surficial material is associated with moraines deposited by 
the Des Moines Lobe during the Wisconsinan glaciation. Four geologic units have been identified in the 
surficial deposits at the site. 

An uppermost clayey sand till (Till Unit A), ranging from 0-21 feet thick, occurs as isolated deposits near 
MW-6-89 and in the southern expansion area near the topographic high at MW-21A-03. Soil samples 
indicated higher gravel, sand, and silt content in Till Unit A. 

Glaciofluvial outwash deposits (Outwash Unit A), ranging from 4-34 feet thick, were identified beneath Till 
Unit A, where present, and at the surface along the western boundary of the landfill (deposited northeast 
to southwest). Outwash Unit A was characterized as well graded and poorly graded sand and silt with 
interbedded lenses of clay and silty sand. 

A lower clayey sand till (Till Unit B), ranging from 10-49 feet thick, is found site wide. Till Unit B underlies 
Outwash Unit A, where present, and exists at the surface along the eastern portion of the site and to the 
northern and southern portions of the site where the uppermost till unit and glaciofluvial outwash 
deposits have eroded away. Soil samples indicated greater clay content in the lower till unit. 

A second glaciofluvial outwash unit (Outwash Unit B) consisting of sand, silt, and silty sand was identified 
as a meandering deposit within Till Unit B. Outwash Unit B was deposited concurrently with Till Unit B as 
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an intraglacial fluvial deposit and appears to have been deposited north to south in a dendritic-type 
pattern with branches in the southeasterly and southwesterly directions. 

2.2.2 Bedrock Geology 

The sequence of bedrock formations, from oldest to most recent, beneath the site consist of igneous or 
metamorphic to sedimentary Precambrian formations overlain by sedimentary formations of Cambrian, 
Ordovician, and Devonian age overlain by the surficial outwash and till deposits. At the site, the bedrock 
surface was encountered at depths ranging between 21.5-65 feet below ground surface (bgs). Similar to 
the topographic ground surface, the bedrock surface occurs as a dome, sloping gently toward the 
southwest and the northwest with the highest elevation occurring in the northeast corner of the property. 

The uppermost bedrock unit is the Devonian-aged Lime Creek Formation (90-105 feet thick) and generally 
consists of weathered and fractured limestone or dolomite that becomes more competent with depth. 
The lower portion of the Lime Creek Formation consists of shale deposits with thin dolomite layers, called 
the Juniper Hill Shale, which may locally act as an aquitard. Dolomite of the Devonian-aged Cedar Valley 
Formation underlies the Lime Creek Formation and extends to a depth of approximately 270 feet bgs. 

2.2.3 Hydrogeology 

The water table at the site occurs within Outwash Unit A, Till Unit B, and Outwash Unit B. The depth to the 
water table ranges from 2 feet bgs near Crane Creek to 26 feet in the central portion of the southern 
expansion area. Mounding is apparent within the Existing Unlined Disposal Area. Shallow groundwater 
flows radially to the northwest, west, and southwest toward Crane Creek. 

The surficial deposits form an unconfined, unconsolidated flow system. Average horizontal hydraulic 
conductivity was 4.9x10-3 centimeters per second (cm/s) for Outwash Unit A, 1.6x10-4 cm/s for Till Unit 
B, and 1.6x10-4 cm/s for Outwash Unit B. The higher permeability of the surficial deposits indicates that 
the glacial deposits would not provide confining conditions to the underlying bedrock units. 

Horizontal flow velocities ranged from 6 to 35 feet/year within the surficial deposits. Vertical flow 
velocities ranged from 0.2 to 0.7 feet/year downward across most of the site, with upward vertical flow 
velocities ranging between 0.1 to 0.3 feet/year in the southern expansion area at MW-21A/B and MW-
22A/B. While horizontal groundwater flow predominates, some downward movement into the fractures 
and cavities of the Lime Creek Formation occurs. The confining Juniper Hill Shale at the lower portion of 
the Lime Creek Formation serves as an aquitard to the underlying Cedar Valley aquifer. 

2.3 History of Groundwater Corrective Action 

In accordance with the rules in effect at the time [567 IAC 103.2(9)], LNI conducted a groundwater quality 
assessment in 1995, selected a remedy, and implemented corrective action in response to groundwater 
impacts identified at shallow aquifer monitoring locations downgradient of the Existing Unlined Disposal 
Area (HDR, 1995). The selected remedy outlined in the Site Remedial Action and Mitigation Plan (SRAMP) 
of the 1995 Groundwater Quality Assessment Report (HDR, 1995) was no treatment with continued 
groundwater and surface water monitoring. IDNR approved the 1995 assessment and remedy selection 
(IDNR, 1995), stipulating that further release assessment and remediation activities may remain in 
abeyance unless groundwater or surface water contamination exceeding the 40 Code of Federal 
Regulations (CFR) Part 141 Safe Drinking Water Maximum Contaminant Level (MCL) or the stream 
standards occurs that either exits the site, migrates beyond 500 feet from the waste limits, or migrates 
vertically. 

In accordance with the 2007 rule revisions, detection monitoring for the Appendix I list [567 IAC 
113.10(5)] was initiated in October 2007. Due to identification of SSIs over background, assessment 
monitoring for the Appendix II list [567 IAC 113.10(6)] was initiated at several wells downgradient of the 
Existing Unlined Disposal Area in April 2009. In the 2009 Annual Monitoring Report (AECOM, 2010), 
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statistically significant levels (SSLs) over the groundwater protection standard (GWPS) were identified at 
MW-1-89, MW-2A-89, MW-4A-89, and MW-4B-89, which re-triggered corrective action in accordance with 
the current rule revision [567 IAC 113.10(6)g (effective 12/10/07)]. 

In their letters dated October 4, 2011 and October 23, 2012 (IDNR, 2011 and 2012), IDNR indicated that 
the requirements outlined in 567 IAC 113.10(7) do not need to be repeated when previously identified 
contaminants are found to exceed a GWPS for facilities with an existing remedy. However, IDNR noted 
that the delineation requirements listed in 567 IAC 113.10(6)g(1), the performance requirements listed in 
567 IAC 113.10(8), and the implementation requirements listed in 567 IAC 113.10(9) still apply to existing 
remedies. 

In April 2017, the Remedy Evaluation and Implementation Report (Foth, 2017b) evaluated the existing 
monitored natural attenuation (MNA) remedy for the groundwater plumes identified downgradient of the 
Existing Unlined Disposal Area and prepared a gap analysis addressing the portions of 567 IAC 
113.10(6)g, (8), and (9) which were not addressed by the previous groundwater quality assessment 
report. The report recommended continued implementation of MNA as the remedial alternative for the 
metal and volatile SSLs downgradient of the Existing Unlined Disposal Area. IDNR approved the Remedy 
Evaluation and Implementation Report through Special Provision X.5.n. 

Based on the delineation activities conducted as part of the 1995 Groundwater Quality Assessment Report 
(HDR, 1995) and the Remedy Evaluation and Implementation Report (Foth, 2017b), the extent of 
groundwater concentrations statistically exceeding the GWPS is horizontally defined by MW-5-89 to the 
south, Crane Creek to the west and north, MW-11 to the north, and MW-1-89 to the east. While horizontal 
groundwater flow predominates (at velocities ranging from 6 to 35 feet/year), the surficial deposits at the 
site form an unconfined flow system with downward vertical flow velocities ranging between 0.2 to 0.7 
feet/year across most of the site (Earth Tech, 2004). The glacial till limits downward plume migration but 
is not anticipated to be a confining layer. Some downward vertical migration occurs. 

To meet the vertical delineation requirements outlined in 567 IAC 113.10(6)g(1)1 for 1,2-dichloropropane, 
tetrachloroethene, trichloroethene, and vinyl chloride at MW-101A-12, vertical delineation well MW-101B, 
nested with shallow aquifer well MW-101A-12 and screened within bedrock, was installed in July 2017. In 
the 2018 AWQR (Foth, 2019a), SSIs were identified for 1,1-dichloroethane, 1,2-dichloropropane, cis-1,2-
dichloroethene, and vinyl chloride at MW-101B. No SSLs were identified. These results confirmed that 
some downward vertical migration is occurring at MW-101A-12; however, the concentrations remain 
below the GWPS. 

In April 2022, the Five-Year Monitored Natural Attenuation Review Report (Foth, 2022b) evaluated progress 
of the MNA remedy for the groundwater plumes downgradient of the Existing Unlined Disposal Area to 
determine whether first order attenuation could be projected for 1,2-dichloropropane, trichloroethene, and 
vinyl chloride plume maximums, to review first order attenuation model results and timeframes for 
arsenic, barium, and tetrachloroethene to ensure actual conditions are meeting the modeled expectations, 
and to evaluate if attenuation cannot meet the cleanup goals. Since the previous evaluation, 
tetrachloroethene attained compliance with the GWPS and first order attenuation could now be modeled 
for 1,2-dichloropropane, trichloroethene, and vinyl chloride, with these constituents estimating to attain 
compliance with the GWPS in 2035 or 2036. For arsenic and barium, decreasing plume metric trends 
continued to be identified for the overall data (i.e., October 2007 through October 2021); however, the 
past five years indicated more recent stable or even increasing concentrations. For arsenic, this resulted 
in an increase in the estimated timeframe to attain compliance with the GWPS from 2019 to 2040. For 
barium, concentrations have been relatively stable over the past five years with maximum concentrations 
fluctuating above and below the GWPS. While longer timeframes were identified, first order attenuation 
still indicated attenuation can meet the cleanup goals for both arsenic and barium. The five-year review 
noted that anaerobic and reducing conditions necessary for natural attenuation of the volatile 
constituents may be releasing naturally occurring arsenic and barium, and these geochemical conditions 
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were likely contributing to some of the stable or even increasing arsenic and barium concentrations over 
the past five years. As subsurface conditions return to aerobic and oxidizing conditions, decreases in 
arsenic and barium concentrations are anticipated. Based on the analyses presented in the report, MNA 
remained a viable remedial alternative for the groundwater plumes downgradient of the Existing Unlined 
Disposal Area, and no changes were recommended regarding the approved MNA remedy. 

In accordance with IAC 113.10(9), the remedy implementation schedule was outlined in the Remedy 
Evaluation and Implementation Report (Foth, 2017b) and updated in the Five-Year Monitored Natural 
Attenuation Review Report (Foth, 2022b). Remedy completion will be evaluated utilizing confidence 
intervals in corrective action mode in accordance with the methods recommended by the Unified 
Guidance (United States Environmental Protection Agency [USEPA], 2009). However, first order decay 
estimation will continue to be utilized to project the time required to reach cleanup goals and to assess if 
attenuation over time is not adequate to meet the goal (USEPA, 2011). The updated remedy 
implementation schedule recommended another five-year review cycle to review the first order 
attenuation model results and timeframes to ensure that actual conditions are meeting the modeled 
expectations and to evaluate if attenuation cannot meet the cleanup goals. The next five-year review will 
be completed by May 1, 2027. 

3. Quality Assurance/Quality Control Summary 

In 2023, field blanks, field duplicates, and trip blanks were collected and analyzed at the frequencies listed 
in the Hydrologic Monitoring System Plan (AECOM, 2013). Data validation reports detailing any 
resampling, data qualifiers added because of data validation, and an overall assessment of the data are 
included in Appendix A.  

In 2023, the overall data assessments indicated that method criteria, precision, accuracy, 
representativeness, comparability, completeness, and suitability for intended use were acceptable. 
Resampling was not considered based on the data quality reviews for the quarterly events in February 
and August 2023. However, resampling was conducted or considered based on the data quality reviews 
for the semiannual events in May and November 2023 events as further discussed below. 

The May 2023 1,1-dichloroethene, carbon disulfide, and iodomethane results at GUA-1 and MW-103A-12 
were rejected due to low matrix spike/matrix spike duplicate (MS/MSD) recovery. At GUA-1, resampling 
was not recommended or conducted since GUA-1 is not a compliance point and is monitored to evaluate 
changes in the underdrain discharge conditions prior to passive treatment. 1,1-Dichloroethene, carbon 
disulfide, and iodomethane have not been detected above the laboratory practical quantitation limit (PQL) 
at GUA-1. At MW-103A-12, resampling was not recommended since 1,1-dichloroethene, carbon disulfide, 
and iodomethane have not been detected above the laboratory PQL. MW-103A-12 initiated quarterly 
baseline assessment monitoring for the full Appendix II list in May 2023; therefore, quarterly samples 
were collected for 1,1-dichloroethene, carbon disulfide, and iodomethane during the next baseline 
assessment monitoring event in August 2023. 

The May 2023 1,4-phenylenediamine (or p-phenylenediamine) results at MW-5-89 and MW-103A-12 were 
rejected due to low laboratory control sample/laboratory control sample duplicate (LCS/LCSD) recovery. 
Note that MW-5-89 and MW-103A-12 are undergoing four rounds of quarterly baseline assessment 
monitoring for the full Appendix II list. The May 2023 event was the first time the Appendix II constituents 
that are not also in the Appendix I list (including 1,4-phenylenediamine) were analyzed at these two 
locations. To avoid temporal autocorrelation, an independent resampling event was not recommended or 
conducted for 1,4-phenylenediamine (or p-phenylenediamine) prior to the second quarterly baseline 
assessment monitoring event. 1,4-Phenylenediamine (or p-phenylenediamine) was included in the second 
and third quarterly baseline assessment monitoring events at MW-5-89 and MW-103A-12 and will be 
included in the fourth quarterly baseline assessment monitoring event scheduled for Winter 2024. If 1,4-
phenylene-diamine (or p-phenylenediamine) is detected in these locations during at least one quarterly 
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event, an additional quarterly sample will be collected for 1,4-phenylenediamine (or p-phenylenediamine) 
to establish at least four results for conducting comparisons to the GWPS. 1,4-Phenylenediamine (or p-
phenylenediamine) was not detected at MW-5-89 and MW-103A-12 in August, and the November 2023 
1,4-phenylenediamine (or p-phenylenediamine) results were rejected, as further discussed below. 
Therefore, if 1,4-phenylenediamine (or p-phenylenediamine) is detected during the Winter 2024 event, two 
additional samples will be collected for this well/constituent pair to establish at least four results for 
conducting comparisons to the GWPS. 

The May 2023 bis(2-ethylhexyl)phthalate and phenol results at MW-106A-12 were rejected due to low 
surrogate recovery. Resampling was not recommended or conducted since bis(2-ethylhexyl)phthalate 
and phenol have not been detected above the laboratory PQL at MW-106A-12, MW-106A-12 is a 
background monitoring well, and background monitoring for bis(2-ethylhexyl)phthalate and phenol is not 
required for compliance with the Hydrologic Monitoring System Plan (AECOM, 2013), the Permit, and 567 
IAC 113.10. 

The November 2023 1,4-phenylenediamine (or p-phenylenediamine) in FB-2 was rejected due to low 
LCS/LCSD recovery. Since FB-2 is a quality assurance and quality control (QA/QC) sample, resampling is 
not applicable. 

The November 2023 1,4-phenylenediamine (or p-phenylenediamine); 1-naphthylamine; 2-naphthylamine; 
3,3'-dimethylbenzidine; 3-nitroaniline; 4-aminobiphenyl; 4-chloroaniline; methapyrilene; and o-toluidine in 
MW-5-89, MW-102A-12, MW-103A-12, and MW-104A-12 were rejected due to low LCS/LCSD recovery. 
Resampling was not recommended for 1,4-phenylenediamine (or p-phenylenediamine); 1-naphthylamine; 
2-naphthylamine; 3,3’dimethylbenzidine; 3-nitroaniline; 4-aminobiphenyl; 4-chloroaniline; methapyrilene; 
and o-toluidine in MW-5-89 and MW-103A-12. These locations are undergoing four rounds of quarterly 
baseline assessment monitoring for the full Appendix II list. To avoid temporal autocorrelation, an 
independent resampling event will not be conducted for these semivolatile organic compounds (SVOCs) 
prior to the fourth quarterly baseline assessment monitoring event in Winter 2024. If these SVOCs are 
detected in MW-5-89 or MW-103A-12 during at least one quarterly baseline event, additional quarterly 
sample(s) will be collected for the well/constituent pair to establish at least four results for conducting 
comparisons to the GWPS. Resampling was also not recommended or conducted for 1,4-phenylene-
diamine (or p-phenylenediamine); 1-naphthylamine; 2-naphthylamine; 3,3’dimethylbenzidine; 3-nitroaniline; 
4-aminobiphenyl; 4-chloroaniline; methapyrilene; and o-toluidine in MW-102A-12 and MW-104A-12. The 
Appendix II SVOCs were monitored at MW-102A-12 and MW-104A-12 in November 2023 as part of the 
five-year resampling for the full Appendix II list. Resampling is not recommended since the remaining 
Appendix II SVOCs were not detected in MW-102A-12 and MW-104A-12, these nine SVOCs have not been 
detected during previous Appendix II sampling events, and the laboratory indicated many of these SVOCs 
are poor performing analytes. 

3.1 Sample Turbidity 

In accordance with Special Provision X.5.d, total suspended solids (TSS) and field turbidity 
measurements were collected during the 2023 sampling events. The field turbidity measurements are 
also included in the field sampling forms in Appendix A. 

Several monitoring wells had TSS concentrations greater than the 5 milligrams per liter (mg/L) level for 
satisfactory sample quality. Low-flow sampling techniques have been utilized since the start of Appendix 
I and II sampling in 2007 and continued to be utilized during the 2023 sampling events except for MW-6-
89 in November 2023 (see field sampling forms for details). As a result, the sampling methodology 
utilized is consistent with minimizing turbidity and TSS in the groundwater samples. 
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3.1.1 TSS Review in Background 

The May 2023 TSS concentrations at MW-16-03, MW-20-03, and MW-23-03 were below the 5 mg/L limit 
for acceptable sample quality. As a result, no data set adjustments were recommended for these 
background wells. The May 2023 TSS concentrations at MW-15-10R, MW-22A-03, and MW-106A-12 
exceeded the 5 mg/L limit for acceptability with concentrations of 8, 8.37, and 21 mg/L, respectively. No 
data set adjustments were recommended for the May 2023 metals data at MW-15-10R and MW-22A-03 
since correlations with TSS were not evident and their concentrations were within the range of historical 
concentrations. Conversely, the May 2023 cobalt concentration at MW-106A-12 was recommended for 
removal since some TSS correlation was evident. Therefore, the May 2023 cobalt result for MW-106A-12 
was removed from background and listed as crossed-out in Table 14. 

The November 2023 TSS concentrations at MW-20-03, MW-22A-03, MW-23-03, and MW-106A-12 were 
below the 5 mg/L limit for acceptable sample quality. The November 2023 TSS concentrations at MW-15-
10R and MW-16-03 exceeded the 5 mg/L limit for acceptability with concentrations of 12.5 and 5.37 
mg/L, respectively. No data set adjustments were recommended for the November 2023 metals data at  
MW-16-03 since correlations with TSS was not evident and their concentrations were within the range of 
historical concentrations. Conversely, the November 2023 arsenic concentration at MW-15-10R was 
recommended for removal since some TSS correlation was evident. Therefore, the November 2023 
arsenic result for MW-15-10R was removed from background and listed as crossed-out in Table 14. 

3.1.2 TSS Review at Groundwater Compliance Locations 

While TSS concentrations at several downgradient wells exceeded 5 mg/L, most of the exceedances 
were below 30 mg/L, which indicates that turbidity was not significantly impacting the downgradient 
data. The May 2023 TSS concentration at MW-9-92 and November 2023 TSS concentrations at MW-
102A-12, MW-103A-12, and MW-104A-12 were greater than 30 mg/L, indicating a higher likelihood for 
turbidity to impact the metals concentrations at these locations. 

The IDNR noted in Permit Special Provision X.5.e that a TSS level of 5 mg/L may be unattainable and 
concluded that if extra measures were conducted, the IDNR would consider higher levels for TSS as 
representative of site groundwater conditions. No additional actions or removal of data are 
recommended for the downgradient monitoring wells given that the majority of the downgradient TSS 
exceedances were below 30 mg/L and the following additional actions have been conducted: low-flow 
sampling techniques were utilized, a no purge case study was conducted in 2016 and not able to produce 
samples with lower TSS, well redevelopment was conducted in 2015 at wells with metals SSLs, and 
additional purging and close review of the low-flow stabilization criteria were conducted in October 2019 
when reddish-orange turbidity was noted at most of the monitoring wells during purging. 

4. Conclusions and Recommendations 

4.1 2023 Data Evaluation Summary 

4.1.1 Groundwater 

In February 2023, a retest sample was collected for 1,1-dichloroethane, barium, and silver at GUA-1-2 due 
to the identification of prediction limit exceedances or single double quantitation rule (DQR) detections 
for these analyte/well pairs during the Fall 2022 statistical evaluation (Foth, 2023). Under the retesting 
plan, SSIs are not declared until one subsequent resample result confirms the prediction limit 
exceedances identified. SSIs were not declared for 1,1-dichloroethane, barium, and silver at GUA-1-2 
during the Winter 2023 statistical evaluation. Therefore, underdrain compliance location GUA-1-2 
continued semiannual detection monitoring for the Appendix I list in May 2023. In the Spring 2023 
statistical evaluation, prediction limit exceedances were identified for barium and thallium at GUA-1-2; 
therefore, a retest sample was collected for barium and thallium at GUA-1-2 in August. 2023. The August 
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2023 retest did not confirm the thallium detection. However, the barium retest did confirm the prediction 
limit exceedance identified during the Spring 2023 statistical evaluation; therefore, an SSI was declared 
for barium in GUA-1-2. Barium at GUA-1-2 was also identified as an SSI during the Fall 2023 statistical 
evaluation. In accordance with 567 Iowa Administrative Code (IAC) 113.10(5)c.(3), an alternate source 
demonstration for barium in underdrain compliance point GUA-1-2 will be submitted prior to 90 days after 
the completion of the Fall 2023 statistical evaluation included in Appendix B, e.g., May 2, 2024. 

As discussed in the 2022 Annual Water Quality Report (Foth, 2023), retest samples were collected for 
barium at MW-5-89 and MW-103A-12 in February 2023 due to single prediction limit exceedances in the 
Fall 2022 statistical evaluation. The Feb. 2023 resample results confirmed the barium detections in MW-
5-89 and MW-103A-12; therefore, SSIs were declared for barium at MW-5-89 and MW-103A-12. In 
accordance with 567 IAC 113.10(6)b, quarterly baseline assessment monitoring was initiated at MW-5-89 
and MW-103A-12 in May 2023. The remaining quarterly baseline assessment monitoring event(s) for MW-
5-89 and MW-103A-12 will be conducted in 2024. 

In accordance with Special Provision X.5.h, the five-year resampling for the full Appendix II list was 
conducted at MW-102A-12 and MW-104A-12 in November 2023. No new Appendix II constituents were 
detected above the PQL at MW-102A-12 and MW-104A-12 during the five-year resampling event for the 
full Appendix II list. Therefore, no new constituents will be added to the detected Appendix II constituents. 

No assessment monitoring wells or new constituents at wells in the corrective action or delineation 
monitoring program have triggered the assessment of corrective measures (ACM) process outlined in 
567 IAC 113.10(7), (8), and (9). 

In 2023, compliance with the GWPS remained for barium at MW-2A-89 and 1,2-dichloropropane at MW-
101A-12. If concentrations remain compliant with the GWPS during the interim statistical evaluations, 
barium at MW-2A-89 and 1,2-dichloropropane at MW-101A-12 will return to assessment constituents in 
Fall 2025 and Spring 2025, respectively. Note that MW-MW-2A-89 and 101A-12 will remain in corrective 
action monitoring until all corrective action constituents are compliant with the GWPS for three 
consecutive years in accordance with IAC 113.10(9)e(2). 

SSLs over the GWPS remained for arsenic at MW-2A-89, trichloroethene and vinyl chloride at MW-101A-
12, and arsenic at MW-107A. For these remaining corrective action constituents, stable or decreasing 
trends were identified. 

The 2023 groundwater quality data indicates continued reduction in the groundwater plumes and 
supports continued implementation of MNA as the remedy for the groundwater plumes identified 
downgradient of the Existing Unlined Disposal. 

4.1.2 Monitoring Well Maintenance and Performance Reevaluation 

As indicated in Table 4, monitoring well maintenance and performance review activities for 2023 
consisted of well depths [567 IAC 113.10(2)f(3)]. Results of the evaluation are included in Table 5. Based 
on the annual review, no changes to the monitoring well network are recommended at this time. In 
addition, no maintenance activities are recommended. 

Well depth review will be conducted annually. The next biennial review of the horizontal and vertical 
acceptability [567 IAC 113.10(2)"f"(1)], water level conditions [567 IAC 113.10(2)"f"(2)], and well recharge 
rates and chemistry [567 IAC 113.10(2)"f"(4)"] will be conducted in 2024. 
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4.1.3 Leachate Control System Performance 

4.1.3.1 Existing Unlined Disposal Area 

Site operations and management practices for the Existing Unlined Disposal Area were consistent with 
the regulatory intent to achieve the lowest possible leachate head levels in the unlined cell. The leachate 
toe drain continues to function as designed, and monthly elevations have been collected to monitor short-
term and long-term trends in the leachate elevation data. 

Steady leachate elevations were observed at LHPZ-2, LHPZ-3, and LHPZ-5 in 2023. No correlation with 
precipitation was identified. The overall leachate contour pattern is consistent with 2023 and represents 
no significant change. 

4.1.3.2 Existing Lined Disposal Area and Cell A, Phases I-III 

For the Existing Lined Disposal Area and Cell A, Phases I-III, effective leachate control is defined in 
accordance with 567 IAC 113.7(5)b(3) as maintaining less than one foot of leachate head over the liner at 
the system’s lowest point(s) within the waste unit. In 2023, head levels at LHPZ-7 were below one foot of 
head over the liner, indicating compliance with 567 IAC 113.7(5)b(3). 

Head levels at LHPZ-1B-R were below one foot of head over the liner for the majority of the year; however, 
February through June head levels average 3 feet. The February through June 2023 leachate elevations at 
LHPZ-1B-R are likely attributable to differential settlement. During settlement, changes in leachate 
elevations are anticipated due to the physical characteristics of the waste and influence of less 
permeable layers within the landfill created during placement of daily soil cover. These layers can 
promote lateral movement of leachate and create perched leachate zones within the waste, which may 
not be representative of overall leachate head levels in the landfill. No additional actions are 
recommended at this time given that head levels reduced below 1 foot of head over the liner from July to 
December 2023. 

As detailed in the 2022 AWQR (Foth, 2023), sediment from the 2021 stormwater infiltrations filled the 
LHPZ-6 side-slope riser and blocked off the screened section. As a result, the transducer cannot measure 
actual leachate head levels. The 2022 head levels reported for LHPZ-6 were representative of the level of 
entrapped sediment and not leachate head. Flushing efforts conducted by Rock Leaf Water 
Environmental, LLC in September 2022 removed some of the sediment, which resulted in the 
measurements reducing from approximately 9 feet to 2.7 feet. In 2023, head levels have continued to 
measure around 2.7 feet. Superior Jetting jetted this riser again in November 2023, but were unable to 
remove the entrapped sediment. In 2024, Foth will investigate whether jetting/vacuum options are 
feasible or request removal of this location from the monitoring program. 

4.1.4 Methane 

The quarterly methane results did not exceed 25% of the lower explosive limit (LEL) for facility structures 
or 100% of the LEL at subsurface perimeter monitoring locations MW-1-89 and GMW-1-12. Methane 
concentrations exceeded the 100% LEL limit during three quarterly events at GMW-2. 

In previous years, GMW-1-12 had intermittent methane exceedances of the 100% LEL limit. The 2023 
monitoring data at GMW-1-12 continue to indicate that the 2015 improvements have been effective in 
reducing methane migration east of the Existing Unlined Disposal Area; however, intermittent methane 
exceedances should be expected over the next several years. These intermittent exceedances may still 
indicate migration of accumulated pockets of landfill gas east of the 2015 passive venting trench or may 
indicate some intermittent migration of landfill gas from the Existing Unlined Disposal Area and beyond 
the passive venting trench. Off-site migration is not anticipated since the bottom of waste for both the 
Existing Unlined and Lined Disposal Areas are above the low point of the drainage ditch east of the east 
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property boundary and limited downward vertical methane migration was anticipated due to the lighter 
density of methane relative to air and the fine-grained subsurface geology with low permeability. 

In accordance with the revised methane remediation plan for GMW-2 (Foth, 2017a), continued quarterly 
monitoring was conducted in 2023 in lieu of installation of passive venting trenches or other active 
remedial measures. The 2023 methane monitoring data at GMW-2 was consistent with the 2016-2022 
data; methane concentrations generally range between 30-61% methane with the following exceptions. 
The methane concentrations at GMW-2 were 7-11% (100% LEL) in 4th quarter 2017, 0% methane (0% LEL) 
in 1st quarter 2018, 28% methane (100% LEL) in 3rd quarter 2019, 0% methane (0% LEL) in 2nd quarter 
2020, 0% methane (0% LEL) in 1st quarter 2021, 19% methane (100% LEL) in 2nd quarter 2021, 0% 
methane (0% LEL) in 1st quarter 2022, and 2.6% methane (52% LEL) in 4th quarter 2023. 

Monitoring of potential methane emissions and migration will continue to be conducted on a quarterly 
basis in 2024 in accordance with the Permit and IAC 113.9(2). The methane remediation plans for GMW-
1-12 and GMW-2 will continue to be reviewed in the 2024 Methane Monitoring Report. 

4.2 Recommendations for Future Monitoring 

On behalf of LNI, Foth presents the following recommendations for future monitoring: 

◆ Continue collecting water level and well depth measurements on a semiannual basis. 

◆ Continue collecting TSS samples and field turbidity measurements during sampling events in 
2024. 

◆ Continue detection, assessment, corrective action, delineation, and background monitoring as 
listed in Table 2. In accordance with Special Provision X.5.h, the next full Appendix II resampling 
events for the wells in the assessment, corrective action, and background monitoring programs 
are listed in Table 2. 

◆ By May 1, 2027, conduct the next five-year review cycle evaluating progress with the first order 
attenuation model results and timeframes to ensure actual conditions are meeting the modeled 
expectations and to evaluate if attenuation cannot meet the cleanup goals. 
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