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Executive Summary 

The Former Farmland Industries Nitrogen Plant Site (Site) is located in the City of Lawrence, Kansas 
(City) (Figure 1). Farmland Industries (Farmland) began manufacturing nitrogen fertilizers at the Site 
in 1954. Products manufactured and distributed by Farmland at this facility included anhydrous 
ammonia, granular urea, prilled ammonium nitrate, nitric acid, and urea-ammonium nitrate (UAN). 
Wastes generated as a result included sludge and wastewater that were released to soil, 
groundwater and surface water on and near the property. With approvals from the Kansas 
Department of Health and Environment (KDHE) and the United States Environmental Protection 
Agency (USEPA), previous extensive corrective actions were successfully completed by others on 
the south half of the Site. Therefore, GHD Services, Inc. (GHD) was contracted by the City in April 
2018 to evaluate existing site data, identify and address data gaps, and prepare this Cost-Benefit 
Analysis (C-BA) report to address remaining legacy contamination present in the north half of the 
Site. 

The City is actively redeveloping this Site as corrective actions are completed. The southern portion 
has been successfully re-purposed as a business park (VenturePark). The remaining northern 
portion, subject to this analysis, is currently being considered by the City for redevelopment as a Site 
for field operations for their Municipal Services Operations.  

Farmland discontinued operations in 2002 due to an economic downturn in the global fertilizer 
market. In 2003, Farmland Industries, Inc., the parent company to Farmland Nitrogen, filed 
bankruptcy and placed funding for the future cleanup activities into the FI Kansas Remediation Trust 
(FI Trust). Between 2003 and 2010, the FI Trust, through SELS Administrative Services, LLC as 
Trustee, performed additional assessments and continued corrective actions as required and 
approved by the Kansas Department of Health and Environment (KDHE). In 2010, the City acquired 
the property and the remaining balance of the trust funds, with a long-term interest in commercially 
re-developing the site. Commercial re-development of the property and protecting public health and 
the environment from legacy nitrogen impacts in affected media remain the ultimate goals of the 
City.  

The current applicable remedial action objectives (RAOs) for the Site, which were established in the 
Corrective Action Decision (CAD) (dated March 2010), serve as the basis for remedial alternative 
evaluations in this C-BA Report. The CAD RAOs are as follows: 

• Groundwater 

 For Human Health – Prevent ingestion of on- or off-Site groundwater having nitrate 
contamination in excess of the federal drinking water standard for public water supplies of 
10.0 mg/L 

 For Environmental Protection – Contain nitrate- and ammonia-contaminated groundwater 
on-site to prevent degradation of the downgradient Kansas River alluvial aquifer. 
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• Soil and Sediment 

 For Human Health – Prevent inhalation of fugitive vapors from surface and subsurface soil 
contaminated with ammonia in excess of Site-specific United States Environmental 
Protection Agency (USEPA) Preliminary Remediation Goals (PRG). 

 For Environmental Protection – Prevent migration of contaminants that would result in 
groundwater contamination in excess of 10.0 mg/L nitrate or surface water contamination in 
excess of background quality for nitrate and ammonia. 

 The Remedial Action Goals are established by the KDHE -Bureau of Environmental 
Remediation in BER-RS Policy # BER-RS-047 - Presumptive Remedy Policy Investigation 
and Cleanup of Nitrogen at Agriculture-Related Sites in Kansas, December 2014. In areas 
where no vegetation is present (i.e., contamination in a gravel roadway, parking area, etc.) 
the following Risk-based Standards for Kansas (RSK) standards apply: 

o Upper 8 inches of soil - 85 milligrams/kilogram (mg/kg) total nitrogen (N); 

o Below 8 inches in depth - 40 mg/kg total nitrogen (N). 

 In areas where vegetation is present (i.e., cultivated and cropped agricultural ground, 
pasture, lawn, etc.) the following RSK standards apply: 

o Upper 24 inches of soil - 200 mg/kg total nitrogen (N); 

o Below 24 inches in depth - 40 mg/kg total nitrogen (N). 

 USEPA calculated Site-specific PRGs for ammonia in soil based on the inhalation exposure 
pathway. The Site-specific PRGs are 385 mg/kg ammonia for the construction worker 
exposure scenario, 4,500 mg/kg for the industrial outside worker exposure scenario, and 
1,060 mg/kg for the residential exposure scenario. 

• Surface and Storm Water 

 For Human Health – Prevent ingestion of contaminated surface or storm water with nitrate in 
concentrations above the federal drinking water standard for public water supplies of 10.0 
mg/L. 

 For Environmental Protection – Restore surface water and storm water quality leaving the 
Site to background quality for nitrate and ammonia. 

Dating from the 1970’s, Farmland and the City have performed numerous voluntary and regulatory-
mandated investigations and corrective actions to evaluate and mitigate impacts by the facility on 
the environment and public health. At the time of the bankruptcy in 2003, the remedial strategy for 
the Site included: 

• Environmental Use Controls (EUCs), placed on the entire Site in 2013 to restrict human 
exposure to nitrogen impacted soil and groundwater; 

• Establish and maintain groundwater hydraulic containment of off-site migration of nitrogen 
impacts in the Kansas River alluvial aquifer; 
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• Collect impacted storm water runoff and recovered groundwater for use as off-site fertilizer and 
irrigation of crops on farmland located north of the Kansas River; 

• Perform targeted soil excavation with off-site disposal; and 

• Perform targeted soil and pond sediments excavation with on-site interment beneath an 
impermeable vegetated cap.  

The City continued this strategy after its acquisition of the Site in 2010 until 2017. In the fall of 2017, 
the City informed the KDHE that accumulations of recovered groundwater and affected storm water 
were exceeding onsite storage capacity and the needs for off-site fertilizer and irrigation by area 
farmers. The City obtained a temporary authorization (which expired in April 2018) from the KDHE to 
perform a closely monitored and controlled discharge of stored nitrogen-impacted groundwater and 
storm water directly to the Kansas River. The current remedial strategy involves recovery of 
groundwater from the alluvial aquifer to hydraulically control migration of contaminants from the Site. 
The recovered groundwater is discharged (without being treated) directly to a drainage way that 
connects the Site with the Kansas River. 

In 2018, the City engaged the services of GHD to assist them in reviewing historical data, evaluating 
the current Site conditions, and proposing alternatives to the previously approved remedial strategy, 
which had proved to be no longer viable for the Site. 

This C-BA Report presents the results of GHD’s efforts since their engagement in April 2018. GHD 
and the City have performed the following significant activities during the preparation of this C-BA: 

• The alluvial aquifer hydraulic containment system remains in operation; 

• Operation of the interception trench drains was discontinued with approval from the KDHE until 
this comprehensive review of remedial alternatives could be completed and a new remedial 
strategy approved; 

• Plans by the City to continue implementing KDHE corrective action according to the 2010 
Remedial Design/Remedial Action Work Plan of impacted soil in areas of the Site designated for 
excavation and onsite landfilling was postponed, pending the completion of GHD’s completion 
and the KD%HE’s approval of alternative remedial strategies for the Site; 

• GHD reviewed, assimilated, collated and evaluated the nearly 50 years of Site data stored by 
Farmland, KDHE, and the City; 

• GHD evaluated current groundwater recovery systems operation and performance data; 

• GHD actively participated in the administration, documentation review, and reporting of ongoing 
KDHE-required activities at the Site; 

• GHD identified gaps in the evaluated data and Site history, which prevented completing the C-
BA Report. Those gaps were investigated and the results reported in the Data Gap Study Report 
(GHD, February 2020). The data gaps included: 

 Hydraulic containment of nitrogen in the Kansas River alluvial aquifer required further testing 
and investigation; 
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 Nitrogen occurrence in groundwater, surficial and subsurface soil on and off-site was either 
missing or needed updating due to changing conditions; 

• Collected groundwater samples from select Site monitoring wells for analysis of inorganic 
chemistry in order to evaluate potential complications of treating recovered groundwater.  

GHD combined the new data with the voluminous historical database to form an updated conceptual 
site model (CSM) that describes the occurrence, fate, and transport mechanisms for the Site. GHD 
used the updated CSM as the basis for screening, evaluating, and ranking potential remedies for 
nitrogen in affected media. 

The updated CSM is summarized as: 

• Groundwater and soil are impacted by nitrogen in the forms of ammonia and nitrate at 
concentrations requiring corrective action in these areas of the Site (Figure 2) – Sandstone Hill, 
Central Ponds, Bag Warehouse, Western Ponds (Old West Pond, West Extension Pond, 
Krehbiel Pond), Former Plant A and Eastern Ponds (Rundown Pond, Overflow Pond, and East 
Lime Pond). 

• Groundwater underneath Sandstone Hill is recharged by precipitation (rain water and snow melt) 
infiltrating permeable ground surfaces located upon Sandstone Hill itself. Groundwater within the 
Sandstone Hill hydrogeologic system flows vertically downward along fractures and planar 
interfaces between alternating layers of shale, sandstone, and siltstone. The lateral direction of 
groundwater flow radiates in all directions from the apex located along the ridge of the 
Sandstone Hill’s north face. Nitrogen impacting surface and subsurface soil, and within the 
sandstone beneath Sandstone Hill are continuing to serve as a source to dissolved nitrogen 
impacts in groundwater. 

• During seasons of enduring precipitation, shallow groundwater seeps to the ground surface 
along the steeper slopes of the west, south and southeast of Sandstone Hill. Storm water runoff 
occurs along these slopes due to very sparse vegetation.  

• Separately, groundwater within the perched and alluvial aquifers along the northwest side of the 
Site is migrating away from the Site toward the east/northeast. The bottoms of the Eastern 
Ponds ((Rundown, Overflow and East Lime) in the northeast portion of the Site are lined with 
clay, which appears to be a competent barrier to leaching nitrogen to groundwater underlying 
the ponds. 

While not specifically pertinent to future remedial actions at the Site, removal for off-site recycling of 
the two aboveground storage tanks and the substantial stockpile of re-bar reinforced concrete rubble 
located east of the Former Plant A will make nitrogen-impacted soil and groundwater in these areas 
more accessible and eventual site re-development of these areas more attractive. The City 
determined that the condition and ages of the ASTs render them physically and economically 
unsuitable for continued use in future remedial strategies (or in clean water distribution) for the Site. 
No useful purpose of the substantial stockpile of re-bar reinforced concrete rubble in future remedial 
strategies was identified.  
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After screening a list of potential applicable remedial technologies, GHD performed a detailed 
analysis of a list of assembled remedial alternatives based on estimated cost, compliance with 
current remedial action objectives, long-term effectiveness, and implementability.  

The following summarizes GHD’s recommended list of proven applicable remedial alternatives for 
soil (ranked in relative order based on pre-design preliminary lowest cost to highest cost, assuming 
a projected life cycle of not more than 30 years from the date of implementation): 

• Minimizing or eliminating leaching of nitrogen from contaminated soils into groundwater and 
surface water by capping surface and subsurface contaminated soil in place with permeable 
vegetative or impermeable materials. 

• Land application of groundwater and/or storm water runoff as fertilizer and irrigation water to 
onsite crops using nitrogen-impacted surface soil in terraces along sloped areas. 

• Composting of excavated nitrogen impacted soil and using the finished composted material as 
fill or amendments to promote growth in sparsely vegetated areas of the Site. 

• Constructed wetlands. 

• Ex-situ aerobic removal of ammonia and anaerobic biological denitrification of nitrate-impacted 
soil. 

The following summarizes GHD’s recommended list of proven applicable remedial alternatives for 
groundwater (ranked in order from lowest cost to highest cost, assuming a projected life cycle of 
not more than 30 years from the date of implementation): 

• Enhancing hydraulic containment of groundwater migrating off-site to the north in the alluvial 
aquifer by adding, relocating, and/or removing alluvial aquifer pumping wells. 

• Discharging untreated groundwater directly to the surface water under the terms of a National 
Pollutant Discharge Elimination System (NPDES) permit. 

• Land application of groundwater as fertilizer and irrigation water to onsite crops and vegetation. 

• Constructed wetlands. 

• Compositing (with or without nitrogen-impacted soil). 

• Discharging untreated groundwater to the local sanitary sewer, after the City completes planned 
modifications to their treatment works to remove nitrogen. 

• Using a manufactured industrial pre-treatment system to remove or reduce nitrogen followed by 
discharge to the surface water or to the City sanitary sewer system for additional nitrogen 
removal. 

Approval of final remedial strategy(ies) will change the terms and conditions of the Department of 
Agriculture term groundwater recovery and storage permits, the National Pollutant Discharge 
Elimination System (NPDES) permit, and the long-term care agreement (LTCA) necessary to 
comply with current and future Environmental Use Controls (EUCs) for the Site. 

Following the submittal of this C-BA the following sequence of events is anticipated: 
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1) Based on GHD’s evaluation, the recommended corrective actions for the Site will include: 

a. In coordination with any redevelopment of the Site, capping areas of the Site using 
permeable and impermeable surfaces and dedicating areas of the Site to re-use as 
constructed wetlands. Surfaces where contaminated soil exists should be covered to the 
maximum practical extent and recovery of contaminated groundwater should be 
optimized to control off-site migration of impacted groundwater while minimizing the 
volume of recovered groundwater requiring treatment. Constructed wetlands appear to 
be the most cost-effective technology for treating recovered groundwater; however, 
bench and/or pilot testing this technology is necessary to determine the design, 
operation and maintenance sensitivities to mineral and contaminant concentrations. At 
such time as it may be both available and feasible, discharge of some (if not all) of the 
recovered groundwater to the City of Lawrence sanitary sewer system for biological 
nutrient removal appears an attractive technology worthy of further review in the future. 

2) The KDHE will review and ultimately approve the C-BA and recommended remedial alternatives 
with contingencies. 

3) The City will develop a Remedial Action Plan (RAP) that will include: 

a. Establish new remedial action goals. 

b. Plans for installing, testing, operating and maintaining recovery wells to hydraulically 
control areas of groundwater containing nitrogen at concentrations above remedial 
action goals. 

c. Plans for bench and/or pilot testing of constructed wetlands and composting. 

4) The KDHE will approve the RAP. 

5) The City and KDHE will renegotiate new or revised Consent Order, Corrective Action Decision 
(CAD), NPDES permit, and groundwater use permits. 

6) The City will submit a new revised Corrective Action Plan (CAP) detailing proposed bench or 
pilot testing for industrial pre-treatment processes, composting soil and groundwater, and 
constructing and operating wetlands, new recovery well locations and construction, and interim 
plans for water management until such time as a more permanent treatment and discharge 
remedy is determined and approved. 

7) The KDHE will approve the CAP 

8) The City will implement the approved CAP. 
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1. Introduction  

The Former Farmland Industries Nitrogen Plant Site (Site) is located at 1608 N 1400 Road in the 
City of Lawrence, Kansas (City) (Figure 1). Farmland Industries (Farmland) began manufacturing 
nitrogen fertilizers at the Site in 1954. Products manufactured and distributed by Farmland at this 
facility included anhydrous ammonia, granular urea, prilled ammonium nitrate, nitric acid, and urea-
ammonium nitrate (UAN). Wastes generated as a result included sludge and wastewater that were 
released to soil, groundwater and surface water on and near the property. With approvals from the 
Kansas Department of Health and Environment (KDHE) and the United States Environmental 
Protection Agency (USEPA), previous extensive corrective actions were successfully completed by 
others on the south half of the Site. Therefore, GHD Services, Inc. (GHD) was contracted by the City 
to prepare this Cost-Benefit Analysis (C-BA) report to address remaining legacy contamination 
present in the north half of the Site. This work is being performed under contract to the City and at 
the request of the Kansas Department of Health and Environment (KDHE) – Bureau of 
Environmental Remediation (BER).  

The City engaged GHD in February 2018 to assist them in reviewing historical Site data, evaluating 
progress and effectiveness of current remedial actions, updating the conceptual site model (CSM), 
collecting supplemental information to satisfy identified data gaps, and developing alternatives to the 
current remedial strategy previously approved by KDHE in the Corrective Action Decision (CAD) 
(Appendix A), dated March 15, 2010. In order to prepare an updated CSM, GHD reviewed the 
extensive volume of historical data collected by others. During that review, GHD identified several 
data gaps that required additional or updated information. Following KDHE-BER’s approval of the 
Data Gap Study (DGS) Work Plan (GHD, January 2019) GHD implemented the DGS in 2019. The 
DGS Report was submitted to the KDHE in December 2019. The final DGS Report addressing 
KDHE comments was submitted to the KDHE in February 2020.  

Consent Order No. 10-E-94 BER between KDHE and the City became effective on  
September 29, 2010. Prior to the signing of the Consent Order, a Remedial Action Plan (RAP) was 
completed by Shaw Environmental for the FI Kansas Remediation Trust (SELS Administrative 
Services, LLC, Trustee). The City authored the Remedial Design/Remedial Action (RD/RA) work 
plan dated September 15, 2012. The RD/RA work plan summarized site conditions requiring 
remedial action, described the current status of interim remedial actions being implemented; 
included a description of the selected remedy and associated remedial action objectives (RAO’s); 
described supplemental RD/RA tasks; provided a schedule for the completion of those tasks; and 
discussed issues to be addressed during remedial design. 

Since the implementation of the RD/RA work plan, the City continued to monitor groundwater, 
implement hydraulic containment of nitrogen impacts in on-site perched groundwater and off-site 
alluvial aquifer groundwater, installed the Central Ponds interception trench system, installed the 
regional retention basin, and excavated soil containing ammonia and nitrate from the Central Ponds 
area. The excavated soils were relocated to the West Lime Pond. 

This C-BA was commissioned to develop a new comprehensive remedial strategy to replace the 
current non-viable long-term remedial strategy of using recovered groundwater as fertilizer and 
irrigation of farm ground located north of the Kansas River. Additionally, alternative soil remediation 
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strategies were evaluated to supplement or replace on-site landfilling of excavated soil as described 
in the CAD and RD/RA work plan. 

1.1 C-BA Scope and Objectives 

The purpose of this C-BA Report is to: 

• Review the remedial history of the Site. 

• Summarize the DGS findings and update the CSM. 

• Summarize Site-specific RAOs for soil and groundwater. 

• Describe potential remedial alternatives appropriate for the Site. 

• Develop generalized cost estimates based on preliminary engineering designs. 

2. Site Description 

The Site is located at 1608 North 1400 Road in Lawrence, Kansas in Douglas County within 
Sections 4 and 5 of Township 13 South, Range 20 East. The original Site encompassed 
approximately 467 acres, not including approximately 30 acres of farm ground located between the 
BNSF Railroad right-of-way and 15th Street. More than 200 acres of land in the southern part of the 
Site have been redeveloped as an industrial park known as the Lawrence VenturePark business 
park. The location of relevant areas of the Site subject to this C-BA are illustrated in Figure 1. The 
Site lies between Kansas State Highway K-10 on the south and 15th Street to the north. Land use in 
the Site’s vicinity includes commercial/industrial and residential use to the west, and 
commercial/industrial use to the south and east. Agricultural land occupies areas beyond East 1500 
Road north of the Site, and the Kansas River flows east-southeasterly approximately one-half mile 
north of the Site. The Site is zoned for commercial and industrial use. 

Topography of the west side of the Site is dominated by Sandstone Hill with an elevation of 
approximately 900 feet above mean sea level (amsl). The topography of the east side of the Site is 
flat with an elevation of approximately 820 feet amsl. 

Geology of the highlands on-site is comprised of unconsolidated clay overburden overlying 
alternating layers of shale, siltstone, and sandstone. Geology of the lowland is described as terrace 
deposits overlying sandstone and shale on the south trending to a sandy alluvial aquifer to the north 
which increases in depth and thickness toward the main river channel. 

The Site is generally divided into the following specific topographic areas of interest: Sandstone Hill, 
Central Ponds, Plant A, Western Ponds, Eastern Ponds, Bag Warehouse, and Site-wide 
Groundwater. 

3. Site History 

Manufacturing of nitrogen fertilizers began at the Site in 1954 and ended in 2001. Products 
manufactured and distributed by Farmland at this facility included anhydrous ammonia, granular 
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urea, prilled ammonium nitrate, nitric acid, and urea-ammonium nitrate (UAN). Wastes generated as 
a result included sludge and wastewater that were released to soil, groundwater and surface water 
on and near the property.  

Until 1987, UAN product was stored in ponds located on top of Sandstone Hill. The ponds were 
replaced in 1988 with above ground storage tank (AST) #6 which is situated within a secondary 
containment basin countersunk into the top of the bluff to a depth of approximately 20 feet. The area 
of the secondary containment basin of this AST is approximately 2.5 acres. 

The Central Ponds were designed to control surface water flow from the south side of Sandstone Hill 
during heavy rain events. Over time, the ponds and their sediments became contaminated with 
nitrogen. 

Plant A was an area where many of the solid fertilizer manufacturing processing operations were 
centrally located. The majority of Plant A is currently paved with asphalt or concrete surfaces. The 
subsurface of Plant A is crisscrossed by a network of out of service abandoned process, utility, and 
waste discharge piping. The plant buildings and the north bulk fertilizer warehouse were demolished 
and removed from the Site after the City acquired the property in 2010. The former South Bulk 
Nitrate Warehouse is still intact and located within the south end of the former Plant A area of 
interest. The South Bulk Nitrate Warehouse is used by the City primarily for road salt storage. 

The Bag Warehouse covers an approximate area of two acres along the foot of the northern slope of 
Sandstone Hill. The area was historically used for storage and shipping of bagged fertilizer via truck 
and railcar. 

Wastewater was managed on-site in a series of process water (Western Ponds), and waste water 
settling/evaporation ponds (Eastern Ponds). The sides and bottoms of the wastewater ponds were 
constructed from on-site low-permeability native clay. During normal operating conditions, much of 
the wastewater could be re-used in the manufacturing processes. After the plant ceased operating in 
2002, recovered surface water and groundwater from hydraulic containment of nitrogen-impacted 
surface and groundwater was stored in the ponds and in on-site AST #5 (2.5 million gallons 
capacity) and AST #6 (5.5 million gallons capacity). This recovered groundwater was pumped north 
of the river and land applied as irrigation and fertilizer on crops. 

4. Current Remediation System Status 

The remediation systems for the former Farmland Industries Nitrogen Plant involve recovery of 
nitrogen-impacted groundwater by interception trenches and groundwater extraction wells. 
Recovered groundwater is pumped directly to the surface water in compliance with the existing 
NPDES permit for the remediation systems. In the past, recovered groundwater was pumped 
alternately to the Southeast Sump, AST #5, and AST #6. From the Southeast Sump, recovered 
groundwater could be diverted to either of the ASTs or to the Overflow and Rundown Ponds. 

According to the design and the CAD, on a seasonal or as-needed basis, stored nitrogen-impacted 
groundwater was historically pumped from the ASTs to farm fields located north of the Kansas River 
(to be used as a supplemental fertilizer) via a pipeline buried beneath the riverbed. The demand for 
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this end-use of recovered groundwater has been declining in recent years, which has caused the 
City to consider alternative remedial strategies. 

In addition to comprehensive Site-wide environmental use controls (EUCs) in place on soil and 
groundwater, the current remediation systems at the Site consist of:  

1. Recovery of groundwater from the deeper Kansas River alluvial aquifer by four vertical 
extraction wells: PW-9, PSW-3B3, PSW-6B3, and PSW-7B2. 

2. Recovery of groundwater from sumps connected to six separate perched groundwater 
interception trenches: Central Ponds, North, South, Northwest, Northeast, and Southeast. 

3. Storage of recovered groundwater in two ASTs: AST #5 (2.5 million gallons capacity) and AST 
#6 (5.5 million gallons capacity). 

4. Storage of recovered groundwater in five former wastewater ponds which remain part of the 
groundwater remediation system: Overflow, Rundown, Old West, Krehbiel, and West Extension. 
A sixth pond was constructed in 2016 by combining the former West and East Effluent Ponds to 
create the Regional Detention Basin (Figure 2). The Regional Detention Basin is designed to 
store storm water runoff from a developed area south of the Site known as the Lawrence 
VenturePark business park. Storm water quality discharged from the Regional Detention Basin 
is subject to the National Pollutant Discharge Elimination System (NPDES) (permit number I-
KS31-PO04) dated 2017 (expiring in 2021) monitoring requirements for the Site. Documentation 
of compliance is maintained by analyzing samples collected periodically from Outfall 001B1 in 
accordance with the permit. 

5. The Kansas Department of Agriculture, Division of Water Resources issued two permits to the 
City for the remediation of the Site. Groundwater Term Permit 20119061 issued in 2011 
(expiring in 2031) allows the withdrawal of “contaminated” groundwater from four extraction 
wells and six sumps for the purpose of land application as fertilizer. Groundwater Term Permit 
20059013 was issued in 2010 (expiring in 2020) to operate the ponds as diversionary surface 
impoundments of “contaminated” water for the purpose of land application as fertilizer. 
Discharge of untreated groundwater to fertilize and irrigate crops or discharged to the Site’s 
NPDES-permitted outfall 001A1. Discharges from 001A1 eventually run to the Kansas River and 
are estimated to be 0.4 million gallons per day (mgd). The NPDES permit estimates discharges 
via permitted outfall 001B1 from the Regional Detention Basin to be 0.3 mgd. 

6. Under terms of the CAD and the NPDES permit, the remediation system is designed to store 
recovered groundwater until the water can be used as fertilizer on farm fields located north of 
the Kansas River. Currently, the City operates only the alluvial wells. As approved by the KDHE, 
groundwater recovery from the trenches remains suspended pending the completion of review 
of the overall remediation strategy for the Site.  

In August 2017, KDHE approved the City’s request to suspend operation of the interception trenches 
because the volume of recovered groundwater exceeded storage capacity and the quantity required 
for land application. The City requested assistance from KDHE to explore alternatives for discharge, 
treatment and/or disposal of the stored groundwater. In September 2017, KDHE authorized release 
of stored groundwater to surface water until April 2018, accompanied by periodic monitoring and 
reporting of total volume, flow rate, pH and nitrogen concentrations. 



 
 
 

 

GHD | Cost-Benefit Analysis Report | 11152783 (3) | Page 5 

While the interception trenches remain idle, the alluvial groundwater extraction system continues 
operation to comply with the CAD requirement of hydraulic containment of nitrogen impacts in the 
alluvial groundwater zone. Recovered groundwater is currently being discharged to the Site’s 
NPDES-permitted outfall in compliance with the Site’s NPDES permit conditions. The ponds and the 
ASTs are currently not in active use. Monthly and quarterly monitoring and reporting are being 
performed by the City. 

5. Summary of DGS 

5.1 DGS Scope 

During the review, GHD identified three significant gaps in chemical or physical data, which were 
necessary to fill in order to complete an update to the CSM and prepare an updated cost-benefit 
analysis. The DGS investigation was conducted in accordance with the procedures and protocols 
presented in the 2018 DGS Work Plan, dated November 16, 2018. Under the DGS Work Plan, GHD: 

i. Performed aquifer tests on the four existing alluvial extraction wells (PW-9, PSW-3B3, PSW-
6B4, and PSW-7B2). 

ii. Performed a more comprehensive aquifer test on the PW-9 extraction system separate from the 
combine extraction system to define the hydraulic characteristics of the alluvial aquifer and 
calculate an appropriate pumping rate to establish hydraulic containment. 

iii. Collected soil and groundwater samples from the areas surrounding the Bag Warehouse, the 
West Extension Pond, PSW-5B2, the West Lime Pond, the Rundown Pond, and the East Lime 
Pond for nitrogen mass characterization and downgradient migration.  

5.2 DGS Findings and Conclusions 

Copies of figures summarizing/illustrating the data collected during the DGS and included in the 
DGS Report are included as Appendix B. Further discussion of the methods and data interpretations 
are found in the DGS Report. The following findings and conclusions were included in the DGS 
Report: 

1. The Bag Warehouse area does not appear to represent a significant source area. However, 
impacted groundwater from the up-gradient Sandstone Hill appears to be migrating underneath 
the Bag Warehouse area into the alluvial aquifer and off-site. PW-9 captures a portion of the 
nitrogen affected groundwater. The updated aquifer analysis indicates higher extraction flow 
rates than the current pumping rate of 13 gallons per minute (gpm) are achievable and may be 
needed to improve capture of nitrogen affected groundwater at the location.  

2. The Western Ponds area contains significant nitrogen mass that occur mostly within the low 
permeability silty clay near surface terrace deposits. These low permeability deposits appear to 
inhibit off-site migration as evidenced by the low nitrogen detections found off-site in soil and 
groundwater near PSW-5B2. 

3. The Eastern Ponds area also shows high relative nitrogen concentrations within the low 
permeable deposits. However, the underlying sandy alluvial aquifer deposits do not show 
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elevated nitrogen levels and indicate the terrace deposits are an effective aquitard that limits 
downward migration of nitrogen compounds, especially in the absence of hydraulic loading when 
the ponds are empty. 

4. The current groundwater extraction system is not effectively capturing migrating impacted 
groundwater in the areas of PW-9 and PSW-5B2. Current groundwater analytical data from the 
recovery wells and monitoring wells in the area of the Eastern Ponds indicates low or no 
concentrations of nitrate and ammonia. The groundwater system downgradient of the East 
Ponds area provide no apparent remedial benefit based on the DGS data. 

6. Conceptual Site Model 

Based on the DGS findings and a comprehensive review of Site data, the following CSM was 
prepared for each area of interest. Maximum nitrate concentrations currently or recently observed in 
soil are summarized in Table 1. Maximum nitrate concentrations currently or recently observed in 
groundwater are summarized in Table 2. 

6.1 Sandstone Hill 

The data indicates that the nitrate and ammonia from operating UAN ponds formerly located on top 
of the Sandstone Hill leached downward into the fractured shale and sandstone. The nitrogen 
impacts were further mobilized by surface infiltration of precipitation and groundwater flowing 
underneath the hill from the southwest. 

The surface soils on Sandstone Hill are comprised primarily of clay and weathered shale and 
sandstone. Nitrogen impacted surface runoff from precipitation events flows via sheet flow to the 
west, south and east. Seeps of groundwater have been observed in rock outcrops and exterior sides 
on the west, south, east and north sides of the bluff. Groundwater that successfully percolates to the 
interior base of the hill via fractures within the interbedded layers of sandstone, shale, and siltstone 
eventually transport dissolved nitrogen and minerals to the perched groundwater within the terrace 
deposits and eventually into the underlying regional Kansas River alluvial aquifer. 

6.2 Central Ponds 

In 2006, 1,300 cubic yards of nitrogen impacted soil were removed and relocated to the East Lime 
Pond. The area was restored using approximately 2,700 cubic yards of imported fill soil. Due to 
ongoing seepage of nitrogen-impacted groundwater from the south side of Sandstone Hill, which re-
impacted the Central Ponds area, additional remedial work was approved by KDHE. In 2014, a 
shallow groundwater interception French drain system was installed on the north and south sides of 
the access road that traces along the north edge of the Central Ponds area. The trench is connected 
to a subgrade sump. Under previous remedial operations, groundwater gathered by the Central 
Ponds sump was pumped to the ASTs for reuse in irrigation and fertilizer of crops north of the river. 

6.3 Plant A 

Historical operation and waste management practices impacted the soil and groundwater throughout 
this area. Due to the network of former utilities, some of which were cleaned and abandoned in 



 
 
 

 

GHD | Cost-Benefit Analysis Report | 11152783 (3) | Page 7 

place, access to the soil and groundwater in this area for the purpose of implementing active 
remediation technologies is extremely limited. 

Previous investigations have documented nitrogen contamination in soil and groundwater near and 
beneath the South Bulk Nitrate Warehouse. 

6.4 Western Ponds 

The Western Ponds – Krehbiel, Old West and West Extension – were once a key part of the 
manufacturing process. Historical practices resulted in releases of nitrogen to soil and groundwater 
in and beneath the ponds. The DGS confirmed that substantial nitrogen mass remains in this area 
both in the unsaturated soil and groundwater. This area may also be affected by groundwater 
seepage from the Sandstone Hill into the unconsolidated sols that abut against the bedrock. These 
nitrogen impacts appear to be affecting the perched and alluvial groundwater quality downgradient 
to the northwest, north and northeast. 

6.5 Eastern Ponds 

The Eastern Ponds were used to store and manage the Site’s waste and cooling waters. The DGS 
indicated that the pond bottoms are constructed of a native very low permeability clay and within the 
Newman Terrace Deposits. These low permeability materials have effectively inhibited downward 
migration of nitrogen compounds into the alluvial aquifer. 

6.6 Bag Warehouse 

The data indicates that the nitrate and ammonia impacts to surface and subsurface soil in this area 
is a result of former operations and releases to the environment which occurred during the transfer 
of final product to truck and rail. Since the area is effectively covered with an impermeable cap (the 
warehouse and supplemental paving), impacts to the groundwater appear to be the result of 
groundwater flowing beneath the warehouse from Sandstone Hill and carrying dissolved nitrogen 
north toward PW-9.  

6.7 Site-wide Groundwater 

The primary concern and regulatory driver that must be addressed in order to protect public health 
and the environment is the Kansas River Alluvial aquifer which is located downgradient from, 
beneath, and adjacent to, the northeastern side of the Site. Occurring at a depth of approximately 30 
feet below ground surface and with a thickness of approximately 30 feet, this aquifer is a regional 
drinking water resource, with several local domestic wells located downgradient from the Site, and 
between the Site and the Kansas River. Regionally, the alluvial groundwater gradient is gentle, with 
a direction of groundwater flow consistent with that of the river, which meanders east/southeast in 
the vicinity of the Site. 

The Site groundwater has been impacted by past Site operations. In particular, Sandstone Hill 
represents a significant source to groundwater impacts. Given its topographic location, Sandstone 
Hill is a groundwater recharge source that discharges radially into the adjoining unconsolidated 
sediments and vertically into the fractured sandstone, siltstone and mudstone comprising its core. If 
contaminated groundwater discharges into the sandy alluvial sediments it can readily migrate off-
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site, unless captured by the existing or an augmented groundwater extraction system. In some 
instances, the groundwater discharges have been documented to the ground surface as seeps, 
which then migrate as surface water down-slope to the west, and the south to the former Central 
Ponds area and to the north and east toward the Western Ponds areas. 

The Newman Terrace Deposits are low permeability sediments that appear to effectively inhibit 
nitrogen-impacted groundwater migration, particularly in the Eastern Ponds area where minimal 
impact to the alluvial aquifer was observed during the DGS . In the Western Ponds area, the 
unsaturated terrace deposits are relatively thick (>20 feet, approximately) and are capable of 
retaining significant nitrogen mass. While downgradient nitrogen impacts are observed off-site in 
groundwater at monitoring well PSW-5B2, the relative concentrations are orders of magnitude lower 
compared to concentrations measured on-site. 

The Kansas Alluvial Deposits are permeable sand deposits that are capable of transmitting 
substantial quantities of water. The hydraulic testing shows the alluvial aquifer to be transmissive 
with a groundwater flow velocity between 0.5 to 1.0 ft/day (180 to 365 ft/yr). The high alluvial aquifer 
transmissivity is inversely proportional to hydraulic containment. Hence, PW-9 pumping at its current 
flow rate of approximately 13 gallons per minute (gpm) (exerting approximately 0.5 feet of drawdown 
within the well) only effectively intercepts the portion of the nitrogen plume migrating underneath the 
Bag Warehouse area and a potentially significant portion of the plume may be allowed to migrate 
off-site. The recovery rate of PW-9 was limited primarily due to the size of the pump, which is the 
highest capacity pump available which will both physically fit inside the well and match the 110 volts 
AC power supply nearby. In October 2019, the City installed an upgraded 240 VAC power supply 
and installed a higher capacity pump, which is now operating near 25 gpm continuously.  

With respect to the other three groundwater extraction wells (PSW-3B3, PSW-6B4, and PSW-7B2), 
based on their groundwater effluent data indicating low to non-detect nitrogen concentrations, these 
wells are providing no apparently useful remedial benefit. Each of these wells were installed with the 
designed purpose to recover approximately 25 gpm. Instead, each well is operated at the maximum 
pumping rate that a combination of the pump, well and aquifer will permit. That is, the throttling valve 
is fully open, however, mineral scaling in the pump, piping and well build up over time requiring 
frequent routine maintenance to clean. Meanwhile, each well is operated continuously at the highest 
flowrate possible at or near its design of 25 gpm. It is important to note that the groundwater 
concentrations of nitrate within the influence of these three recovery wells is below that requiring 
capture and containment of 10 mg/L. Based on the hydraulic testing, each of the alluvial recovery 
wells should be capable of supporting sustained yields in excess of 50 gpm. Due to the mineral 
scaling potential within the alluvial aquifer, redundancy of recovery wells will be necessary so that 
hydraulic control will not be disrupted during periods of shutdown while routine maintenance is 
performed. For the purposes of remedial alternative comparisons and cost estimating, an average 
flowrate of 25 gpm from each of four alluvial recovery wells was assumed. Additionally, an assumed 
100 gpm of storm water impacted with COCs will be contained onsite with the recovered 
groundwater. Adding an additional design factor of 50% brings the total water flow rate for the basis 
for design to 300 gpm for the purposes of sizing and costing conveyance, storage, treatment and 
disposal systems. 

While maximum concentrations within individual recovery and monitoring wells fluctuate, the design 
concentrations of 300 mg/L ammonia as N and 500 mg/L nitrate as N were assumed for comparison 
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purposes. Groundwater or storm water with much lower concentrations of COCs than those 
assumed for comparison purposes will be used to dilute groundwater with higher concentrations. 

7. Remedial Action Objectives 

The current applicable RAOs for the Site, which were established in the CAD (dated March 2010), 
serve as the basis for remedial alternative evaluations in this C-BA Report. 

This C-BA assumes two very important remedial criteria will not change: 

1. Some form of remedial action will be required so the “No Action” Alternative was used as a 
base-line against which all of the alternatives were evaluated; and 

2. Any re-negotiation of the CAD will not change the current RAOs. 

7.1 Soil  

The CAD RAOs for soil and sediment are as follows: 

• For Human Health – Prevent inhalation of fugitive vapors from surface and subsurface soil 
contaminated with ammonia in excess of Site-specific United States Environmental Protection 
Agency (USEPA) Preliminary Remediation Goals (PRG). 

• For Environmental Protection – Prevent migration of contaminants that would result in 
groundwater contamination in excess of 10.0 mg/L nitrate or surface water contamination in 
excess of background quality for nitrate and ammonia. 

The Remedial Action Goals are established by the KDHE-BER in BER-RS Policy # BER-RS-047 - 
Presumptive Remedy Policy Investigation and Cleanup of Nitrogen at Agriculture-Related Sites in 
Kansas, December 2014. In areas where no vegetation is present (i.e., contamination in a gravel 
roadway, parking area, etc.) the following Risk-based Standards for Kansas (RSK) standards apply: 

• Upper 8 inches of soil - 85 milligrams/kilogram (mg/kg) total nitrogen. 

• Below 8 inches in depth - 40 mg/kg total nitrogen. 

In areas where vegetation is present (i.e., cultivated and cropped agricultural ground, pasture, lawn, 
etc.) the following RSK standards apply: 

• Upper 24 inches of soil - 200 mg/kg total nitrogen. 

• Below 24 inches in depth - 40 mg/kg total nitrogen. 

USEPA calculated Site-specific PRGs for ammonia in soil based on the inhalation exposure 
pathway. The Site-specific PRGs are 385 mg/kg ammonia for the construction worker exposure 
scenario, 4,500 mg/kg for the industrial outside worker exposure scenario, and 1,060 mg/kg for the 
residential exposure scenario. 

7.2 Groundwater 

The CAD states the following RAOs for groundwater: 
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• For Human Health – Prevent ingestion of on- or off-site groundwater having nitrate 
contamination in excess of the federal drinking water standard for public water supplies of 10.0 
mg/L 

• For Environmental Protection – Contain nitrate- and ammonia-contaminated groundwater on-site 
to prevent degradation of the downgradient Kansas River alluvial aquifer. 

7.3 Surface and Storm Water 

The CAD states the following RAOs for surface and storm water: 

• For Human Health – Prevent ingestion of contaminated surface or storm water with nitrate in 
concentrations above the federal drinking water standard for public water supplies of 10.0 mg/L. 

• For Environmental Protection – Restore surface water and storm water quality leaving the Site to 
background quality for nitrate and ammonia. 

8. Potential Remedial Technologies 

A summary of potential remedial technologies screened for this Site are summarized on Table 3. 
Each potentially applicable technology was screened against the others for ease of implementation, 
relative cost, and effectiveness. Due to the high clay content of unconsolidated near surface soils 
and the presence of consolidated shale and sandstone near the ground surface, excavation of 
nitrogen-impacted soil is not likely to prove economical. Likewise, removing groundwater from within 
consolidated sandstone of low permeability would not be cost effective compared to the perceived 
benefit. Therefore, in situ remedial technologies, such as injection or permeable reactive barriers, 
were screened out of further consideration due to practical implementation limitations. Ex situ 
remedial technologies that were screened out of further consideration due to the relative cost 
compared to other less costly technologies or because they have the potential to generate a waste 
stream that would be equally or more challenging to treat/dispose than the perceived benefit when 
compared to alternative in situ technologies include: excavation with off-site disposal, soil 
stabilization or solidification, ammonia stripping, and industrial scale evaporation.  

With the operation of the Regional Detention Basin to control the flow of non-impacted storm water 
from the Site and the planned discontinued use of the Eastern Ponds to store water, continued 
operation of the interception trenches near these ponds will no longer be needed. Likewise, covering 
the Sandstone Hill and Central Ponds areas will mitigate infiltration of precipitation, thus rendering 
the continued operation of the Central Ponds Trenches unnecessary. 

The following sections describe each retained technology evaluated in this C-BA. 

8.1 Soil 

8.1.1 Impermeable Capping 

Impermeable capping of soil either in place or after it has been excavated and relocated is a 
straightforward approach to immobilizing the contaminants within the soil. Capping is accomplished 
by grading the area of impacted soil to promote drainage, and preparing the surface of the soil to be 
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capped by compaction. After compaction, an impermeable material or layers of impermeable 
materials are applied. Impermeable materials are typically polymer membranes, clay, pozzolanic 
cements mixed with native soil then hydrated, concrete or asphalt. The top layer is often selected 
based on cost and the intended future use of the covered area. 

Maintenance of this technology includes routine annual inspections followed by repairs or 
replacement of areas where the structural integrity of the cap has been compromised. Additional 
maintenance may include management of increased storm water runoff controls or erosion. 

Depending on planned re-use of redevelopment of the Site, combining impermeable capping with 
vegetated covers (described in the next section) may be necessary or more economical, while 
achieving the same goal: limit or eliminate infiltration of precipitation which could leach contaminants 
into the groundwater. 

8.1.2 Vegetated Cover 

Vegetated covers are constructed by covering an existing area of impacted (or an excavated and 
relocated stockpiled) soil with an overlying layer of topsoil and supplemented with such amendments 
as necessary to support vegetation. Once established, the vegetation will prevent the erosion of the 
topsoil layer over time. Precipitation either evaporates or is uptaken by the vegetation. While some 
water may infiltrate to the contaminated soil layer, it is typically in insufficient quantities to result in 
significant mobilization of contaminant mass. In the case of nitrate and ammonia, both are 
necessary nutrients for sustainable plant growth, thus plant roots that reach the nitrogen impacted 
soil will uptake what they need. 

Maintenance of vegetated covers includes routine annual inspections followed by any needed 
repairs or replacement to preserve the intended purpose of the cover. Areas where water may pond 
or where runoff has eroded the cover should be filled, re-seeded and mulched. During the growing 
season, the cover should be mowed and application of herbicides to control noxious and invasive 
species should follow all appropriate manufacturer directions to avoid over-application. 

Depending on planned re-use of redevelopment of the Site, combining vegetated covers with 
impermeable capping (described in the previous section) may be necessary or more economical, 
while achieving the same goal: limit or eliminate infiltration of precipitation which could leach 
contaminants into the groundwater. 

8.1.3 Composting 

Composting requires intimate mixing of contaminated media with water, nutrients, and carbon. The 
soil at the Site contains high enough concentrations of nitrogen that adding more may not be 
necessary. The clay/silt content of the soil however appears to be significantly free from organic 
matter and, unless excavated below the water table (which is to be avoided), the surficial 
unsaturated soil will be too dry to promote or sustain composting without the addition of water. 
Additional water is available from the groundwater extraction systems, i.e., interception trenches and 
alluvial groundwater recovery wells. Supplemental organic matter will need to be imported either as 
solid (tree and yard debris) or liquid (e.g., dilute solutions of emulsified vegetable oil (EVO)). Results 
will vary with the heterogeneity of the soil, seasonal precipitation, the nitrogen content in the soil and 
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added water, and the type of organic matter applied. Bench and or pilot testing is typically required 
to refine initial ratios for each raw material input. 

Maintenance of the composting facilities include monitoring and adjusting moisture of the compost 
pile or heap. Periodically, samples of the composted material should be analyzed to determine the 
composting rate, and to optimize carbon amendment and moisture content. Equipment used to 
shred or apply carbon to the composting process should be maintained according to manufacturer 
recommendations. 

8.1.4 Farming 

Farming of the surface soil will involve a similar amendment program to composting. Agricultural 
testing of the soil should be performed to determine the type and quantities of amendments to 
support and sustain growth of the desired crop. In some areas, the ammonia concentrations may be 
sufficiently toxic so as to limit the potential farming of an area without the addition and blending of 
bulking agents like imported fill soil or onsite generated compost or shredded organic matter (i.e., 
recycled yard and tree debris). Farming (aka phytoremediation) has three benefits: 1) deep soil 
mixing (i.e., tilling at depths greater than 2 feet) can effectively aerate soil promoting infiltration of 
water and oxygen to stimulate and maintain plant growth, 2) if successful, crops may be harvested 
for beneficial use, remaining organic matter (e.g., stubble and chaff) can be tilled into the soil and 
additional crops planted, and 3) groundwater containing nitrogen generated by the extraction 
systems on Site may be used to supplement precipitation during times of drought. 

Maintenance of the farming areas will include controlling erosion, reducing standing water to avoid 
drowning vegetation, applying appropriate amounts of herbicide as needed and harvesting any 
crops or hay at the appropriate intervals. 

8.1.5 Constructed Wetlands 

Some of the excavated or in-place soil may be re-used to assist in construction of wetlands. Soil that 
contains nitrogen and ammonia could be used as fill under and surrounding constructed wetlands. 
Once in operation, the nitrogen sorbed onto the soil will be dissolved by the water flowing through 
the wetlands making it available to sustain plant growth within the wetlands or to be biologically 
degraded. As part of the construction process, nitrogen within these soils will be subject to the same 
biological processes that beneficially remove nitrogen from groundwater. 

Maintenance of constructed wetlands will involve monitoring influent COC concentrations and water 
flowrate. At least quarterly, it is recommended that the constructed wetlands be inspected and 
correcting any areas where short circuiting of desired flow-paths may have occurred. It is 
recommended to perform routine quarterly inspection of all water recovery and conveyance systems 
and manually clean any biofouling or mineral scaling before these could result in unplanned system 
shutdowns. 
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8.2 Groundwater 

8.2.1 Hydraulic Containment 

Monitoring data reported routinely to the KDHE has documented that nitrate concentrations in off-
site downgradient monitoring wells remains below 10 mg/L (with the exception of PSW-20B) 
indicating that the current remedial strategy of hydraulic containment appears to have been effective 
in preventing migration of nitrogen impacted groundwater beyond the property boundaries of the 
Site. Supplemental to this, then, would be to identify ways to improve and expand on this success. 
According to current operating and monitoring data, continued recovery of alluvial aquifer 
groundwater in the vicinity of PSW-6B, PSW-7B and PSW-3B does not appear to be necessary. The 
DGS data supports shifting that focus toward the west between PSW-5B2 and PSW-20B. According 
to the aquifer testing and subsequent preliminary hydraulic influence modeling conducted during the 
DGS, higher individual recovery well flow rates of 50 to 60 gpm would exert a wider cone of 
influence than the current 15 to 25 gpm per recovery well flow rate under the current strategy. 

It is important to note that while higher individual (on total) flow rates are achievable, resulting in 
greater influence exerted on the impacted groundwater, the final concentration of COCs in the 
recovered groundwater is unknown at this time. Operating data to date shows an overall decline of 
dissolved concentrations of nitrate and ammonia. Increasing and enhancing existing cover and 
capping on Site should further this trend, even without hydraulic containment. Also, should higher 
concentrations than current trends project be noted during vigilant monitoring, additional 
groundwater from areas of lower concentrations of COC could be used to control (i.e., dilute) the 
overall concentrations requiring treatment to within the range for which the composting, engineered 
wetlands or any of the other treatment technologies were designed to treat. 

Maintenance of this technology will include performance monitoring of individual recovery wells to 
analyze trends in pumping rate versus drawdown within the pumping and nearby monitoring wells. 
This is an early indicator of fouling and provides time to schedule maintenance, thus minimizing 
interruption to the operating schedule. Preventative maintenance of recovery wells and piping is 
typically performed at least annually. Inspections of equipment (valves, flowmeters, piping, etc.) is 
useful in identifying potential failures before they occur and allows time to schedule repairs or 
replacement of key components before they fail. 

8.2.2 Composting 

Depending on the volume of soil being composted at any given time, it may be necessary or 
desirable to divert some groundwater generated from hydraulic containment in order to promote or 
accelerate ex situ composting of nitrogen impacted soil in order to reduce the amount of 
groundwater requiring treatment by another remedial technology. The concentrations of nitrogen, the 
amount of organic matter, and the amount of water applied would be monitored and inputs adjusted 
to optimize the composting efficiency. 

Maintenance of the composting facilities include monitoring and adjusting moisture of the compost 
pile or heap. Periodically, samples of the composted material should be analyzed to determine the 
composting rate, and to optimize carbon amendment and moisture content. Equipment used to 
shred or apply carbon to the composting process should be maintained according to manufacturer 
recommendations. 
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8.2.3 Constructed Wetlands 

Constructed wetlands can be the most cost-effective means by which nitrogen impacted 
groundwater may be treated. Ammonia is removed aerobically while nitrate is removed 
anaerobically. Therefore, a combination of surface and subsurface flow wetland systems appear to 
be the most efficient for treating combined ammonia and nitrate impacted groundwater. There is 
sufficient land available to maximize treatment residence times, diversify plant species, promote 
treatment even during the winter non-growing seasons, etc. 

Bench or pilot scale testing is recommended best practice prior to proceeding with selecting 
engineered wetlands or a combination of these two as remedies for implementation at this Site. 
Parameters that should be assessed during a bench/pilot study for a wetland would be to looks at 
ammonia, nitrate and nitrite concentration in relationship to: 

• Retention time 

 To be assessed by varying flow rate in a bench or small scale pilot study 

• Orthophosphate concentration 

• Oxidation reduction potential 

 To be assessed by measuring DO, ORP, total and dissolved Fe, dissolved methane, sulfate 
and looking at aerobic and anaerobic cells 

• Organic carbon 

 To be assessed by measuring TOC 

Oxidation reduction potential and organic carbon will vary according to the wetland matrix. 
Vegetation is also important but likely cannot be assessed in a bench or pilot study. A typical pilot 
study would use a minimum of 2 cells, one aerobic and one anaerobic. Variables to evaluate include 
flow rate (i.e., residence time) and a range of COC influent concentrations. Varying total organic 
carbon, phosphorus (or other) amendments would necessitate using more than two cells, but would 
provide a better dataset with respect to optimal organic carbon, phosphorus or other amendments of 
interest. 

With respect to volatilization of ammonia, unionized ammonia (NH3) is volatile while ionized 
ammonia (NH4 or ammonium) does not volatilize. In typical dilute aqueous solutions with pH below 
8, ammonium should predominate, with less than 10% of the ammonia available for volatilization. 

Within the wetland, accumulation of microbial biomass will be promoted. Fouling within the 
groundwater extraction and conveyance systems will need to be addressed by physical cleaning 
methods as addition of biocides or antiscalants to control fouling will inhibit the beneficial microbial 
activity in the wetland. In the event pilot testing indicates the addition of amendments is needed to 
stimulate the removal of ammonia or nitrate, the amendments should be added near where the 
water enters the wetland to minimize fouling elsewhere in the extraction and distribution systems. 

Maintenance of constructed wetlands will involve monitoring influent COC concentrations and water 
flowrate. At least quarterly, it is recommended that the constructed wetlands be inspected and 
correcting any areas where short circuiting of desired flow-paths may have occurred. It is 



 
 
 

 

GHD | Cost-Benefit Analysis Report | 11152783 (3) | Page 15 

recommended to perform routine quarterly inspection of all water recovery and conveyance systems 
and manually clean any biofouling or mineral scaling before these could result in unplanned system 
shutdowns. 

8.2.4 On-site Industrial Pre-treatment 

Ammonia can be biologically oxidized in a two-step process first to nitrites and then to nitrates. This 
process can be duplicated by biological digesters. For large treatment plants, ammonia and nitrates 
are typically digested via activated sludge systems. However, biological systems require that the 
influent water is non-toxic to the biological media. For example, influent levels of ammonia on the 
order of less than 500 ppm are typically required. Further, biological systems require incubation time 
in order to reach (and monitoring to sustain) equilibrium. Lastly, attention must be given to the 
system as the environment must be maintained for the biological media to function. Disinfection of 
the effluent may be required. 

In order to reduce nitrate, denitrifying bacteria need a sufficient carbon source. In conventional 
wastewater treatment, adding a carbon substrate is not necessary because the wastewater contains 
enough carbon for denitrification to occur. However, in the case of the on-site groundwater stream, 
there is no sustained source of available carbon for the denitrifying bacteria to use. An imported 
carbon substrate would need to be added (and perhaps re-added), and extensive testing would 
need to be conducted to determine if conditions are optimal for denitrification. A biological 
denitrification system would also require a large footprint to install and run. Thus, biological 
treatments were determined not to be feasible for use at the Site and removed from further 
consideration during the initial review of treatment technologies. 

The combination of ammonia and nitrate in groundwater (along with other dissolved ions that will 
result in mineral deposits and scale) present a unique challenge to treatment by any on-site 
industrial waste water process. Unit operations to remove ammonia (air stripping) do not remove 
nitrates. Unit operations that remove nitrates (ion exchange and reverse osmosis) do not remove 
ammonia. A two-step biological process could be made to work, after bench testing and pilot testing. 
However, a constant supply of carbon would be a limiting factor in sustaining treatment for both 
compounds for the duration of the Site remediation. 

Maintenance of the site-specific pre-treatment system will be dependent upon the actual processes 
that are included. The pre-treatment system would be designed to be as automated as possible. 
Telemetry would enable remote monitoring and allow for some remote adjustment to operating 
conditions. However, at a minimum, in-person site visits are recommended to prevent unforeseeable 
equipment failures or system upsets. 

There appears to be sufficient area near the facility’s permitted outfall north of PW-9 to construct a 
building that would house the pre-treatment system. The system components would likely include: 
equalization or surge tanks, particulate filters, process tanks, transfer pumps, piping and electrical 
appurtenances, and control systems. A building to house a 300 gpm pre-treatment system might be 
approximately 30 feet wide by 50 feet long with a ceiling approximately 12 feet high. 
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8.2.5 Off-site Sanitary Sewer Treatment 

The City is planning upgrades to their waste water treatment works in order to meet more stringent 
nutrient reduction standards for nitrogen, among others. The date by which these upgrades may be 
made is projected to be sometime after the year 2023. Until that time, discharge of untreated 
groundwater to the City publicly owned treatment works (POTW) would result in no effective 
treatment for nitrate and ammonia removal while simultaneously adding an additional volumetric 
load to the treatment capacity of the POTW. Additionally, due to the ongoing documented mineral 
scaling currently experienced by the alluvial recovery wells, pumps and conveyance piping, similar 
operational complications are anticipated to drive the maintenance costs of this alternative to a 
prohibitive degree. If implemented, a costly sequestration or frequent preventive maintenance 
program would be required. Therefore, at this time, off-site sanitary sewer treatment was determined 
not to be feasible for use at the Site, and removed from further consideration during the initial review 
of treatment technologies. 

8.2.6 Farming 

Approximately 30 acres of farmable ground exists on the Site adjacent to the south side of 1500 
Road. While only seasonal, some of the groundwater might be used to irrigate crops within this 
parcel. To minimize the expense of farming and harvesting to the City, the parcel could be leased to 
a local farmer. 

Maintenance of the infrastructure to irrigate farming areas will include inspections of piping, 
electrical, and fittings at routine intervals, or at least monthly. Repairs of infrastructure should be 
made early to prevent unscheduled interruptions to timely irrigation of crops. Soil samples will be 
required to analyze the pre-irrigation soil conditions and determine the maximum amounts of 
nutrients the irrigation water that can be applied without over-fertilizing the crops. Periodic analysis 
of the water quality will confirm that irrigation is benefiting the crops. 

9. Preliminary Alternatives’ Descriptions 

The following sections describe preliminary engineering designs which were prepared to provide a 
basis for developing estimated costs for each remedial alternative. The following figures illustrate 
locations where the described alternatives might be deployed.  

The No Action Alternative was retained for comparison purposes only. This alternative assumes no 
further monitoring or remedial activities will occur and that all monitoring and recovery wells will be 
abandoned and all existing remedial infrastructure and systems removed. 

9.1 Sandstone Hill: Terraced Vegetated Cover (or Impermeable 
Cap), Constructed Wetlands, Ex-Situ Soil and Groundwater 
Composting 

The area of the top of Sandstone Hill is approximately 15 acres (of which the AST containment basin 
occupies an estimated 2.4 acres) as illustrated on Figure 2. 
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Following the removal of AST #6, the secondary containment basin liner will be enhanced to 
maintain an impermeable cap. The basin will be converted into a receiving area for imported yard 
and tree debris (carbon sources for composting) and composting basin. The finished composted soil 
could be sold or given away to area gardeners, landscapers, etc.  

Remediation of Sandstone Hill will involve rendering the nitrogen impacted soil unable to leach to 
groundwater and surface water. Contouring existing slopes by terracing will reduce the tendency for 
sheet flow precipitation runoff. Reduced sheet flow will reduce erosion and transport of impacted 
surface and exposed subsurface soil. 

Likewise, adding a vegetated cover will promote uptake of both water and nutrients from the surficial 
soil and reduce the amount of water that may leach through, reducing the leaching of nitrogen into 
the sandstone aquifer. Vegetated covering for the west, south and eastern slopes are included in the 
preliminary design. Alternately, impermeable capping could be easily substituted for vegetated 
cover, with an eye maintained toward managing the increased storm water runoff as a result. The 
north and northwestern slopes of Sandstone Hill are thickly forested, so adding vegetation is 
unwarranted and unlikely to aide in remediation. Should sufficient precipitation reach impacted 
subsurface soil and seep out the side of the Sandstone Hill, the gentle slopes will help retain the 
seeps until the vegetation can uptake the nitrogen in the growing process. Water that is not 
reabsorbed or uptake by plants, will be directed to drain into the constructed wetlands on the south 
(in the Central Ponds area, discussed later) or east of the Sandstone Hill. 

Constructed wetlands, strategically placed near natural drainage swales will aide in the treatment of 
groundwater seeps and precipitation runoff. Additionally, surface water that is collected in 
strategically located detention basins along the perimeter of the Sandstone Hill, could be pumped to 
the top of the Sandstone Hill for use in moisture control of composting soils that are excavated 
during terracing activities. 

Alternate use of the AST #6 secondary containment basin were considered. The basin, once the 
AST #6 has been removed, could serve as an encapsulating cell for an estimated 40,000 cubic 
yards of excavated soil (or concrete rubble, or rebar debris). Once full, it could be impermeably 
capped with an impermeable or vegetated cover at grade and potentially re-developed.  

9.2 Central Ponds: Terraced Vegetated Cover and Constructed 
Wetlands 

The Central Ponds are situated within a narrow valley which slopes rather sharply downward from 
west to east. The entire area of the Central Ponds is estimated to be 5 acres as illustrated on Figure 
3. 

The slope will be terraced, to reduce the velocity and potential for erosion from precipitation runoff 
and sheet flow. Excavated soil will be added to the soil composting operation in the AST 
containment basin on top of Sandstone Hill. It is assumed that the valley terracing will expose 
consolidated sandstone. Precipitation falling on the exposed rock surface will cascade and aerate as 
it tumbles into a new 1-acre pond to be constructed at the east end of the valley. The two 
interception trenches will continue to capture groundwater which may seep from the hillside and 
gather in the new pond. Over time, sediments will accumulate and aquatic plant species (e.g. 
cattails) will eventually establish or be introduced. In the event of unusual precipitation events, the 
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pond may overflow into the additional constructed wetlands to be installed in the Eastern Ponds area 
(as discussed later). 

Due to the comparatively high concentrations of ammonia in groundwater on Sandstone Hill and 
within the Central Ponds, it will be important to combine any remedy for the Central Ponds with 
capping or covering to limit recharge of the groundwater seeping into the Central Ponds from 
Sandstone Hill in order to control/minimize off-gassing of ammonia from groundwater emanating 
from that area. 

Due to the comparatively high concentrations of ammonia in the soil and groundwater in this area, 
redevelopment considerations should include vapor migration mitigation measures such as 
impermeable composite membranes to enhance capping or installing negative pressure vapor 
extraction and emissions treatment system. 

9.3 Plant A: Impermeable Cap and Ex-situ Soil Composting 

The area of Plant A, as illustrated on Figure 4, is approximately 15 acres. Currently, although not 
complete and with some gaps between asphalt and concrete covers where soil is exposed, the 
entire surface are of Plant A is mostly capped with a combination of asphalt and concrete pavement 
and remnants of old building and process equipment foundations. Analytical data show that both soil 
and groundwater in this area contain concentrations of nitrogen above remedial action goals. 
Enhanced capping activities would involve filling significant voids, and exposed concrete channels, 
then overlaying asphalt or concrete in varying thicknesses to restore the surface to a uniform grade. 

If, in the future, development of this area may be envisioned, geotechnical evaluations of the 
suitability of the underlying soil to support building would be prudent. Conversely, if the suitability of 
the area is dependent on the removal of existing surface cap materials, then the replacement of that 
cap would be accomplished with the erection of a new surface structure of choice. 

Should soil require excavation to facilitate construction of subsurface utilities or building foundations 
and footings, the excavated soil could be segregated from the overlying cap, and added to soil 
composting activities atop Sandstone Hill. 

9.4 Western Ponds: Vegetated Cover, Ex-situ Soil Composting, and 
Constructed Wetlands 

The Western Ponds (Krehbiel, Old West, and West Extension), shown on Figure 5, are 
approximately 3.1 acres in total area. The location at the base of Sandstone Hill receives 
uncontrolled precipitation runoff from the north slope of the Sandstone Hill. In addition, assessment 
data indicates that historical operations have resulted in nitrogen impacts to soil and groundwater. 
Soil in this area is silty clay overlying low permeability sandstone. The groundwater within the 
sandstone is low yielding and not ideal for groundwater extraction. The estimated costs for this 
alternative is presented in Table 8. 

Re-grading the area to direct runoff from the Sandstone Hill and surrounding areas into the ponds 
would allow for treatment by constructed wetlands. Treated runoff would be directed into the 
Regional Detention Basin of allowed to percolate into the underlying groundwater unit. Excess soil 
generated from the re-grading activities could be composted on top of Sandstone Hill. After 
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regrading and constructing wetlands, the surrounding ground surfaces would be revegetated to 
minimize further runoff. 

9.5 Eastern Ponds: Constructed Wetlands, Excavated Soil 
Composting, Farming, Capping, and Vegetated Cover 

The Eastern Ponds (West Lime, Rundown, Overflow, and East Lime) occupy approximately 23.1 
acres, as shown on Figure 6. 

Groundwater recovered from the alluvial recovery wells, and surface water runoff overflows, will be 
directed to this area. Constructed surface and subsurface wetlands could accommodate large 
volumes of nitrogen laden groundwater and surface water. Wetlands are typically constructed with 
low permeability bottoms (liners) to minimize leakage and loss. The recent geotechnical data from 
the DGS indicates the pond bottoms will not need additional clay in order to meet the “low 
permeability” requirement. 

Soil excavated from the Central Ponds and wastes generated from lime softening operations are 
also located in this area. Prior to constructing wetlands, this soil should be added to the composting 
on top of Sandstone Hill. The remaining area could be regraded to maximize residence time of the 
overflow surface water from Central Ponds and the Western Ponds plus recovered groundwater 
from the hydraulic containment system. 

Using the Eastern Ponds as an encapsulating cell for all excavated soil on-site was considered. 
Excavated soil could be interred within the existing ponds after removing the water that is still 
remnant from the previous storage activities. Capping, farming and/or vegetated covering would be 
accomplished as previously described. 

9.6 Bag Warehouse: Impermeable Cap and Soil Composting 

As shown on Figure 7, the entire area of the Bag Warehouse plus the paved area directly east, is 
approximately 3.6 acres. As the Bag Warehouse serves as a competent impermeable cap and the 
paved area also is effectively impermeable, no additions or modifications should be required to cap 
this area. Should any new construction be performed, nitrogen-impacted soil excavated as result 
could be added to composting elsewhere on the Site. The Bag Warehouse structure would require 
routine maintenance and upkeep to preserve the structural integrity of the building. 

9.7 Site-wide Alluvial Groundwater: Composting, Constructed 
Wetlands, On-site Industrial Treatment, and Off-site Sanitary 
Sewer 

Hydraulic containment of the alluvial aquifer is an ongoing centerpiece of the Site-wide groundwater 
remediation strategy. The future strategy however, as directed by the new operating and DGS data, 
is shifting west. New proposed recovery wells will be installed between PW-9 and PSW-3B. 
Pumping rates in individual recovery wells will increase from the previous design of approximately 
25 gpm, to approximately 50 gpm. With four recovery wells each pumping 50 gpm, the designed 
maximum is 200 gpm. Additional treatment capacity needs to account for supplemental overflow 
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during storm events. Therefore a design maximum continuous operating flow rate of 300 gpm was 
used as the basis for cost comparisons. 

One of the possible design configurations is illustrated on Figure 8 and is used as the basis for cost 
estimating. Several options were considered for the onsite treatment of recovered groundwater. The 
options that are described in this section include: 

1. Constructed wetlands – the area exists in the Eastern Ponds to accommodate more than the 
design flow rate of 300 gpm. Existing piping is present, however, an equalization basin would be 
added near PW-9 and larger lift stations would replace the North and Southeast Sumps. 

2. On-site industrial treatment by two-step biological treatment – the on-site treatment system 
would have capacity to treat 300 gpm. However, bench and pilot testing would precede final 
design. The waste stream from the treatment system would be low in nitrogen, but other 
minerals and nutrients may be unacceptably high for discharge directly to the nearby drainage 
ditch, which in turn discharges directly into the Kansas River. Inorganic analyses of groundwater 
for the Site are summarized in Appendix C. According to the inorganic data, the water quality is 
considered to pose complications from precipitation and hardness. Pre-treatment for potential 
fouling may reduce this potential, however, capital and maintenance costs will need to be 
increased accordingly, depending on the findings from bench testing before full-scale design and 
implementation.  

3. Discharge to surface water without treatment – Pumping 300 gpm directly to the surface water 
drainage ditch without treatment, but while complying with all the terms of the NPDES permit, is 
not typically a favorable public or regulatory alternative. 

4. Discharge to sanitary without treatment – Pumping 300 gpm directly to the nearest sanitary 
sewer lift station, while convenient, is not without cost or consequence. The cost includes 
mandatory upgrades to the lift station, increased monitoring and highly automated controls. 
Consequences include impacting the capacity of the POTW to treat 300 gpm of low-carbon 
containing groundwater, while displacing the like capacity from residential and business 
customers. 

10. Remediation Cost Estimates 

This section discusses the assumptions and rationale used to estimate comparative costs for each 
of the previously described alternatives. The estimated cost for each alternative is summarized in 
Table 4 through Table 11d. 

The No Action Alternative was retained for comparison purposes only. This alternative assumes no 
further monitoring or remedial activities will occur and that all monitoring and recovery wells will be 
abandoned and all existing remedial infrastructure and systems removed. The estimated cost to 
implement this alternative is summarized in Table 4, and the total cost estimated is: $643,000. 

Certain necessary assumptions were taken into consideration to prepare these preliminary 
estimated costs based on the conceptual designs presented in this C-BA. The assumptions are 
listed on the individual tables, and are re-stated here for emphasis: 
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Cost Estimating Assumptions:     

• Costs have been estimated in 2020 dollars based on GHD's experience with similar sites in 
similar settings. 

• Cost estimating was performed for the projected life of each alternative of 30 years. The 
estimating method and discount rate of 7% to determine the net present value of each were 
taken from the following: A Guide to Developing and Documenting Cost Estimates During the 
Feasibility Study, EPA 540-R-00-002, OSWER 9355.0-75, July 2000. 

• Costs assumed design occurs in year 1, construction occurs in year 2, followed by 
inspections/maintenance in years 3 through 30. 

• As applicable, bench and pilot testing has been estimated to precede full scale design and 
implementation, based on our experience. Construction and salvage costs have been estimated 
based on our experience without soliciting competitive bids from multiple qualified contractors 
using detailed construction or performance plans & specifications.   

• At the City of Lawrence's request, these draft and preliminary costs have been estimated without 
benefit of an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from 
negotiating a new Consent Order, Corrective Action Decision, or environmental permits 
necessitated by the final selected remedy or remedies.   

• Unknowns for soil remediation include, but are not limited to: an updated estimate of the total 
volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground 
surface) and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities 
for groundwater remediation include, but are not limited to: total volume, mass and range of 
nitrogen compounds in alluvial, perched, and sandstone aquifers; interactions between all three 
aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional 
Detention Basin, PSW-5B2, and PW-9.     

• Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen 
concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells 
necessary to hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 
mg/L ammonia in groundwater from migrating beyond the current Site boundaries.  

• During the alternative remediation evaluation, additional technologies may be selected and 
approved by the KDHE (overseeing regulatory agency). These estimates should not be 
considered accurate for budgeting purposes, but merely intended to provide an overall gross 
estimate. These scenarios are subject to change as further data are collected.   

• Power consumption, sewerage, and any other future utility requirements and rates are unknown. 
Once designed and final power requirements are known, supplemental or substitute sources of 
energy such as wind and solar should be evaluated and may be more economical.  
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10.1 Sandstone Hill: Terraced Vegetated Cover/Impermeable Cap, 
Constructed Wetlands, Ex-Situ Soil and Groundwater 
Composting 

Costs for this alternative are summarized in Table 5. Because the cost for composting is estimated 
prior to the performance of bench or pilot testing, several variables to the execution of this treatment 
alternative remain in question. Composting is a very low energy input effective means to remove 
nitrogen as its elemental gaseous form. The final product should be suitable for use as fill onsite or 
as landscaping and garden amendments off-site. Among the operating variables to sort out during 
the detailed design phase: 

• The volume of water necessary to achieve and maintain optimum moisture content. 

• Shredding tree and yard debris requires the purchase, lease or rent of specialized industrial 
capacity equipment. The investment in which would help to minimize the effect of heterogeneity 
in the carbon source and increase the surface area to maximize contact between carbon, 
nitrogen and water in the composting process. 

• Impermeable capping could be used to supplement or replace the vegetated cover. In areas 
where impermeable capping is used, allowances would be needed in the design to manage 
increased storm water runoff.  

10.2 Central Ponds: Terraced Vegetated Cover/Impermeable 
Capping and Constructed Wetlands 

Costs for this alternative are summarized in Table 6. Surface conditions in the immediate vicinity of 
the Central Ponds sump area are reportedly perennially wet. It is with that in mind and the 
knowledge that the Central Ponds interception trenches recover nitrogen impacted groundwater 
year-round, that a large (approximately 1 acre) pool is proposed for the east end of the Central 
Ponds valley. The pool will be over excavated to an average depth of 5 feet to add capacity to hold 
runoff during large rain events. Soil resulting from the excavation/construction of the pond and 
wetlands will be composted. 

Impermeable capping could be used to supplement or replace the vegetated cover. In areas where 
impermeable capping is used, allowances would be needed in the design to manage increased 
storm water runoff. 

10.3 Plant A: Impermeable Cap, Ex-situ Soil Composting 

Costs to implement this alternative are summarized in Table 7. The existing cap may need minor 
repairs or patches, however, the overall quality of the cap is assumed sufficient to minimize surface 
infiltration. A modest allowance was included in the event incidental soil requiring composting is 
generated. 
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10.4 Western Ponds: Vegetated Cover, Ex-situ Soil Composting, and 
Constructed Wetlands 

Costs to implement this alternative are summarized in Table 8. While the Western Ponds can be 
reconfigured through surface grading to accommodate wetlands, the fact that the surface and 
subsurface soil in this area is impacted with comparatively higher nitrogen concentrations, will 
complicate their operations. Construction of the bottoms of these ponds is unknown. If the bottoms 
are constructed of something other than low permeability clay, they may need to be drained and 
lined once their true construction becomes apparent. 

10.5 Eastern Ponds: Constructed Wetlands and Excavated Soil 
Vegetated Cover 

Costs for this alternative are summarized in Table 9a and 9b. This scenario was approached as the 
entire 23.1 acre-area converted to wetlands and a second scenario (Table 9b) as 18 acres of 
wetlands and 5.1 acres of East Lime Pond as a vegetated cover landfill. 

10.6 Bag Warehouse: Impermeable Cap and Soil Composting 

Costs estimated for this alternative are summarized in Table 10. Similar to Plant A, this area should 
require very little by way of improvements to enhance the impermeability of the current warehouse 
and the adjacent paved areas. 

10.7 Site-wide Alluvial Groundwater: Composting, Constructed 
Wetlands, On-site Industrial Treatment, Off-site Surface Water 
Discharge and Off-site Discharge to Sanitary Sewer 

Costs estimated for this alternative are summarized on Table 11a, Table 11b, Table 11c, and Table 
11d. Adding recovery wells will increase the amount of water requiring treatment, but will also assist 
in keeping concentrations of nitrogen in the recovered groundwater low to allow for a wider selection 
of potential treatment and disposal options. 

Table 11a summarizes the costs for the least costly alternative for disposing of all recovered 
groundwater and storm water to the NPDES-permitted outfall onsite. This alternative does not meet 
all of the Site-specific RAOs, but allows for controlling the final discharge concentrations of nitrogen 
compounds to within permitted limits. This option was estimated to cost $661,000. 

Table 11b summarizes costs estimated for treating water (groundwater and storm water) while 
achieving all of the RAOs by converting the area overlying the former Eastern Ponds to constructed 
wetlands. This option was estimated to cost $1,052,000. 

Table 11c summarizes costs estimated for treating water (groundwater and storm water) while 
achieving all of the RAOs by installing and operating a pre-treatment system to achieve all NPDES-
permitted surface water discharge criteria. This treatment system would necessitate bench and pilot 
testing due to the presence of inorganic constituents such as sulfate, iron, and calcium, which will 
complicate ammonia and nitrate destruction. Addressing the water quality prior to treating for the 
COCs will result in the waste byproduct stream requiring separate storage, handling and disposal. 
Cost for this scenario are estimated to be $ 8,877,000. 
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Table 11d summarizes costs estimated for discharging all untreated water (groundwater and storm 
water) while achieving all of the RAOs directly to a nearby (~1,000 feet East) sanitary sewer lift 
station. This option, while not currently available, achieves the RAOs. However, the City has no 
current plan or schedule to upgrade the POTW, so this option will require re-evaluation when that 
plan and schedule are known. Cost for this scenario were estimated to be $1,962,000.  

11. Remedial Alternative Comparisons 

This section discusses the alternatives comparison presented in Table 12. Each alternative was 
evaluated qualitatively using four criterion: cost, compliance with remedial action objectives, long-
term effectiveness and implementability. Cost stood alone while the other three were scored on a 
scale from 0 to 10 (0 being the least favorable and 10 being the most favorable). 

According to its preliminary design, remediation of Sandstone Hill would cost an estimated 
$1,191,000. The compliance with RAOs, long term effectiveness and implementability were scored 
9, 8 and 9. Options to composting soil created from terracing do exist, including on- and off-site 
landfilling. Both of these options may be less costly, but soil disposed on-site without treatment, will 
occupy real estate that may eventually be needed for development. The cost for off-site disposal of 
excavated soil was not considered economically viable given the sizable area of the Site for 
composting and re-use as regrading and backfill of composted soil. 

According to the preliminary design, remediation of the Central Ponds would cost an estimated 
$850,000. Excavation of nitrogen impacted soil in this area will expose consolidated sandstone. The 
excavated soil will require treatment. The relative score was for compliance with RAOs, long-term 
effectiveness and for implementability were 8, 8 and 7, respectively. The design relies on 
groundwater to continue seeping into the pond. In the event recharge to the Sandstone Hill aquifer is 
successfully curtailed by the capping/covering on top of the Sandstone Hill, additional water from the 
alluvial hydraulic containment system may be diverted to the Central Ponds area. 

Costs for remediating Plant A and the Bag Warehouse areas are similarly designed. Remedial 
action at Plant A was estimated to be $708,000. Costs for remediating the Bag Warehouse area is 
estimated to be $304,000. It is important to note the difference between these costs is primary due 
to the presence of a large pile of concrete rubble and rebar debris at Plant A. Also, the Bag 
Warehouse area is smaller (3.6 acres at the Bag Warehouse and 15 acres at Plant A). Capping at 
both locations, with open access for repairs and maintenance. Allowances were made in both cases 
to address incidental amounts of excavated soil by composting. 

Western Ponds remediation is estimated to cost $464,000. This area is barely 3 acres. Constructing 
wetlands and performing a modest level of surface restoration may result in a small amount of soil 
for composting. Additional expense may be needed in order to line the ponds with clay or a polymer 
material to prevent leakage that could result in undesirable transport of nitrogen from the soil 
beneath the existing ponds. 

The Eastern Ponds remediation is estimated to cost of $935,000. This is estimated based on all 23.1 
acres converting to wetlands. If the East Lime Pond were converted to a landfill instead, the cost to 
remediate the Eastern Ponds is estimated to be $1,016,000. Both score 9 on compliance with RAOs 
and 9 on the long-term effectiveness. Implementability is slightly easier for converting all the land to 
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wetlands. Constructing an encapsulation cell in the East Lime Pond is slightly more challenging, 
since all efforts to prevent future breaches must be made. Also, converting land into a landfill will 
remove it from future re-development opportunities. 

The recommended remedy for site-wide groundwater hydraulic control and treatment using 
constructed wetlands was estimated to cost $1,052,000 over 30 years, with an average evaluation 
score of 8. Other alternatives are listed with the on-site industrial pre-treatment scenario estimated 
to cost $8,877,000. Discharge to the POTW is estimated at $1,962,000. Discharge directly to the 
surface water without treatment is estimated to be $661,000. All three means of remediation scored 
9 for long-term effectiveness. However, under implementability, the highest score was converting 
Eastern Ponds to wetlands and NPDES-permitted discharge directly to surface water. The City has 
not yet converted their POTW to treat groundwater for the removal of nitrogen. Design of the pre-
treatment system will require extensive testing and development, and generate a byproduct waste 
stream that will need to managed, stored and disposed. 

12. Conclusions and Recommendations 

Based on the foregoing analysis the recommended alternatives are as follows: 

• Sandstone Hill – Vegetated cover, soil compositing, constructed wetlands. Controlling the 
infiltration and runoff of storm water on Sandstone Hill will reduce significantly the transport of 
nitrogen into the groundwater and surface water emanating from it. Due to the substantial 
volume of the Sandstone Hill, the anticipated mass of nitrogen contamination within the various 
layers of lithologic strata, and the uncertainty of fracture-flow present in the sandstone aquifer, 
pumping groundwater or injecting nutrients or chemicals to enhance biological or chemical 
degradation is not technically feasible or practical. Total estimated cost is $1,191,000. 

• Central Ponds – Constructed wetlands, soil composting. Due to the Central Ponds location, 
excavating contaminated soil from this area has already proven once to be an ineffective means 
of reducing groundwater re-contaminating clean backfill used to restore the area. A series of 
terracing, constructed wetlands, and composting excavated soil, would seem the most practical 
approach. Total estimated cost is $850,000. 

• Plant A – Impermeable capping. The area that was Plant A is mostly capped and would need a 
minimal amount of additional effort to seal gaps where the cap is observed to be incomplete. 
Preserving the cap could also be accomplished by redeveloping this area with permanent above 
ground structures equipped with roof drains to convey storm water to the nearby “clean” regional 
detention basin. Total estimated cost is $945,000. 

• Western Ponds – Wetlands. The Western (and Eastern) Ponds are suitably located and sized to 
accommodate constructed wetlands necessary to treat the recovered groundwater generated 
during hydraulic control and containment operations. Total estimated cost is $464,000. 

• Eastern Ponds – Wetlands. The Eastern (and Western) Ponds are suitably located and sized to 
accommodate constructed wetlands necessary to treat the recovered groundwater generated 
during hydraulic control and containment operations. Total estimated cost is $935,000.  
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• Bag Warehouse – Impermeable capping. Generally, the Bag Warehouse, due to its size, 
accomplishes most of the capping needed to prevent infiltration of precipitation in this area. 
There are some residual surfaces surrounding the Bag Warehouse that would need 
supplemental capping added at a minimal effort and cost. Total estimated cost is $304,000. 

• Site-wide Groundwater – Hydraulic control, with treatment via wetlands in the Western and 
Eastern Ponds. Hydraulic control near PW-9 and PSW-5B2 is still needed to safeguard off-site 
migration of nitrogen impacted groundwater from leaving the Site at concentrations above 
remediation goals. Sufficient land is available in the Western and Eastern Ponds, which could be 
supplemented by wetlands added on the slopes of Sandstone Hill, at the east end of the Central 
Ponds and by reconfiguring the Krehbiel and Old West Ponds. Total estimated cost is 
$1,052,000. 

Approval of final remedial strategy(ies) will change the terms and conditions of the Department of 
Agriculture term groundwater recovery and storage permits, the National Pollutant Discharge 
Elimination System (NPDES) permit, and the long-term care agreement (LTCA) necessary to 
comply with current and future Environmental Use Controls (EUCs) for the Site. 

Following the submittal of this C-BA the following sequence of events is anticipated: 

1) Based on GHD’s evaluation, the recommended corrective actions for the Site will include: 

a. In coordination with any redevelopment of the Site, capping areas of the Site using 
permeable and impermeable surfaces and dedicating areas of the Site to re-use as 
constructed wetlands. Surfaces where contaminated soil exists should be covered to the 
maximum practical extent and recovery of contaminated groundwater should be optimized to 
control off-site migration of impacted groundwater while minimizing the volume of recovered 
groundwater requiring treatment. Constructed wetlands appear to be the most cost-effective 
technology for treating recovered groundwater; however, bench and/or pilot testing this 
technology is necessary to determine the design, operation and maintenance sensitivities to 
mineral and contaminant concentrations. At such time as it may be both available and 
feasible, discharge of some (if not all) of the recovered groundwater to the City of Lawrence 
sanitary sewer system for biological nutrient removal appears an attractive technology 
worthy of further review in the future. 

2) The KDHE will review and ultimately approve the C-BA and recommended remedial alternatives 
with contingencies. 

3) The City will develop a Remedial Action Plan (RAP) that will include: 

a. Establish new remedial action goals. 

b. Plans for installing, testing, operating and maintaining recovery wells to hydraulically control 
areas of groundwater containing nitrogen at concentrations above remedial action goals. 

c. Plans for bench and/or pilot testing of constructed wetlands and composting. 

4) The KDHE will approve the RAP. 

5) The City and KDHE will renegotiate new or revised Consent Order, Corrective Action Decision 
(CAD), NPDES permit, and groundwater use permits. 
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6) The City will submit a new revised Corrective Action Plan (CAP) detailing proposed bench or 
pilot testing for industrial pre-treatment processes, composting soil and groundwater, and 
constructing and operating wetlands, new recovery well locations and construction, and interim 
plans for water management until such time as a more permanent treatment and discharge 
remedy is determined and approved. 

7) The KDHE will approve the CAP 

8) The City will implement the approved CAP. 
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Table 1
Summary of Maximum Nitrogen Concentrations in Groundwater

Former Farmland Nitrogen Plant
Lawrence, Kansas
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Surface Subsurface

Bag Warehouse 500 500

Central Ponds 5,000 5,000

Eastern Ponds 1,000 1,000

Former Plant A 5,000 5,000

Sandstone Hill 1,000 1,000

Western Ponds 5,000 5,000

Total Nitrogen in Soil
(mg/Kg)Area



Table 2
Summary of Maximum Nitrogen Concentrations in Groundwater

Former Farmland Nitrogen Plant
Lawrence, Kansas
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Area
Nitrate as N

Groundwater
(mg/L)

Bag Warehouse (DGS data needed) 344

Central Ponds, at CPMW-1D 17,300

Eastern Ponds (DGS data needed) 10,900

Former Plant A, at PSW-13A 350

Sandstone Hill. At N-1 11,300

Site-Wide Groundwater, at PW-9 27

Western Ponds, North Sump 2,280
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Summary of Screened Remedial Technologies

Former Farmland Nitrogen Plant
Lawrence, Kansas
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Technology Description Effectiveness Implementability Relative Cost Screening Comments Retained
(Yes/No)

Impermeable Capping

Impermeable capping materials are typically 
polymer membranes, clay, pozzolanic cements 
mixed with native soil then hydrated, concrete or 

asphalt May require a sublayer of permeable 
material to serve as a drainage layer to convey 
groundwater or water that seeps through seams 

or gaps in the overlying impermeable cap.

Effective at reducing leaching due to precipitation, 
but does not prevent impacted soil from the 

influence of fluctuating groundwater

Usually requires significant labor and equipment and pre-
design. Requires a drainage layer installed between the 

capping material and the material being capped. The 
water drained by the drainage layer usually becomes 

contaminated, thus requiring  special handling.

moderate to low. Less costly when combined with 
other site re-development activities necessitating 

installation of parkling lots and buildings.

Capping requires maintenance and the 
material being capped is not undergoing active 

or passive remediation while capped.
Yes

Vegetated Covering Permeable cover that uses precipitation to 
establish and sustain vegetation. 

Very effective in using the precipitation for growth 
allowing very little or no leaching of contaminants 

from the soil being covered.

Typically easy to implement. Severe slopes are typically 
terraced to minimize runoff and promote some 

infiltrations needed to sustain plant growth.

low. May be more effective when combined with 
rasing crops or aesthetic landscaping in 

conjunction with site re-development.

Highly desirable for covering soil contaminated 
with fertilizer, because the nutrients in the soil 
may eventually become soluble and used by 

the vegetation.

Yes

Composting

Mixing organic matter, media contaminated with 
nutrients (i.e., nitrogen), and water mixed in the 

right proportions to promote an almost self-
sustaining process.

Very effective to degrade nitrogen and generate an 
end-use material suitable for re-use as landscape 

fill or for amending soil for gardening.

Bench testing is advised, however, once the right 
proportions are determined, and off-site sources of 
organic matter identified, the Site has more than 

adequate area to accommodate a composting process.

low to moderate. May be significant upfront 
capital investment for commercial-duty wood 

shredder. But ongoing operating costs are low 
and periodic to maintain optimum moisture and 

nutrient content of compost piles or heaps.

Green remedial technology with a beneficial 
end-use product. Yes

Land Application/Farming Farming involves identifying a cash crop suited 
for the terrain and climate.

Only limited benefit as not enough farmable land 
exists on the property

Easy to implement once agronmic analysis determines 
the amounts and types of amendments to augment the 

existing soil.

Low once upfront capital investment to install 
delivery infrastructue.

green remedial approach but limited to 
farmable land on-site. Yes

Constructed Wetlands
Wetlands utilize natural bacteria to degrade or 

metabolize nutrients in nitrogen-impacted soil or 
groundwater.

Can be very effective in removing both ammoni and 
nitrate ntrogen, but in a two stage process. May not 

be able to treat all soil resulting from terracing 
activities.

straightforward implementation when suitable lowlying 
property of adequate size is present.

low to moderate. Constructed wetlands, while 
proven to remove nutrients from waste streams, 

will require bench or pilot scale testing to 
determine optimum flow rates, contaminant 
concentrations, potential conflicts with other 

inorganic compounds that may not be subject to 
removal via biological degradation mechanisms.

green technology that also provides wilflife 
habitat while performing remediation. Yes

Excavation for off-site disposal Excavating soil and disposing in a licensed 
landfill. 

Can be effective in cases where soil contamination 
is not wide-spread or where it is confimned to 

depths easily accessible to conventional excavting 
equipment.

Excavate and haul. Complications arise when 
contaminated soil is excavated from directly above or 

within contaminated groundwater regimes. Post-
excavation fluctuating groundwater elevations will re-

contaminate clean backfill.

Moderate to high. Excavation and loading are 
typically the lower cost inputs for this technology. 
Transport and disposal of the excavated material 

and imporing clean suitable backfill to restore 
excavations tend to make this technology 

potentially very high cost.

Requires characterization of the soil as waste, 
documentation to and interment in, the off-site 
repository, and the responsible party typically 
retains all future liability associated with the 

waste.

No

Stabilization, solidification

Pozzolonic or other solidfying compounds are 
actively mixed with the soil to form a rigid solid 
matrix that serves as both a capping layer and 

to eliminate the potential for leaching 
contamination by infiltrating precipitation.

Effective in mitigating leachability of contaminants 
from within the stabilized soil  layer. Ineffective in 

removing or immobilizing contaminatio in soil below 
the stabilized layer or within the groundwater 

regime.

Typically easy to implement in the upper few feet of the 
soil layer. Implementation becomes problematice in deep 

soil stabilization in areas where severe slopes or 
consolidated rock is present,

Low to moderate. Costs for maintenance depend 
on the durability of the stabilized layer to stand up 

to freeze/thaw cycles and rising groundwater 
elevations.

Typically only applicable to the upper layer of 
impacted soil. Groundwater elevations may 
rise and cause strresses on the stabilized 

layer, resulting in cracks which allow future 
precipitation infiltration.

No

Soil



Table 3
Summary of Screened Remedial Technologies

Former Farmland Nitrogen Plant
Lawrence, Kansas

Page 2 of 3

GHD | Cost-Benefit Analysis Report | 11152783 (3)

Technology Description Effectiveness Implementability Relative Cost Screening Comments Retained
(Yes/No)

Hydraulic Containment

Strategically located pumping wells exert 
influence laterally and downgradient on 

contaminated groundwater that would otherwise 
migrate off-site is controlled and treated or 

managed onsite.

Very effective in reducing the mass of contaminats 
in the groundwater and in containing contamination 

to onsite, thus reducing potential for third party 
liability.

Two or three new recovery wells should be installed and 
additional monitoring wells to improve the data gathering 
resolution of hydraulic influence and COC concentration. 

Most of the infrastructure required is in place.

Low to moderate

With minor modification to the current 
containment systems and installation of 

redundant groundwater treatment methods, 
this techology seems well suited for this Site.

Yes

Constructed Wetlands
Wetlands utilize natural bacteria to degrade or 

metabolize nutrients in nitrogen-impacted soil or 
groundwater.

Can be very effective in removing both ammoni and 
nitrate ntrogen, but in a two stage process. The Site 

appears to have ample available land to install 
constructed wetlands.

Following successful bench and/or pilot testing, the area 
appears to be available to accommodate this approach. 

Grading low-lying areas where water conveyance 
structures are currently located should simplify 

implementation.

Moderate

The Site appears to be adequately sized to 
accommodate constructed wetlands, following 
successful testing to determine optimal design 

criteria..

Yes

Composting

Mixing organic matter, media contaminated with 
nutrients (i.e., nitrogen), and water mixed in the 

right proportions to promote an almost self-
sustaining process.

Very effective to degrade nitrogen and generate an 
end-use material suitable for re-use as landscape 

fill or for amending soil for gardening. Requires 
bench/pilot testing to determine 
Carbon:Nitrogen:water ratios.

Following successful bench or pilot testing, this 
technology would still require import of significant, if not 

daunting, quantities of carbon in order to treat the 
estimated 300 gpm for this Site.

Low to moderate Requires significant quantities of carbon, and 
area to manage composting facilities. Yes

Land Application/Farming Farming involves identifying a cash crop suited 
for the terrain and climate.

Only limited benefit as not enough farmable land 
exists on the property. Also, irrigating crops is a 

seasonal activity and does not occur during the non-
growing season.

Irrigation during growing season only. Moderate Best for growing season. Yes

Industrial Treatment (discharge of 
treated water to either surface 
water to sanitary)

Involves constructing operating and maintaining 
a process system to destroy the COCs and 

disharge the treated water to either the surface 
water or sanitary sewer under terms of an 

appropriate permit.

Can be very effective, however, results in 
siognificant quantities of undesirable waste 

byproducts requiring either disposal or further 
treatment, then disposal.

This will require dedicating a significant area near the 
current outfall to accommodate the treatment system 

building, dedicated electrical power supply, and storage 
areas for raw materials and waste byproducts. 

Operation, mintenance and monitoring of this system 
could be complex.

High

retained for comparison pruposes, however, 
managing raw materials to manipulate pH and 
disposal or after-market of waste byproducts 
increase maintenance and operating costs.

Yes

Discharge to Surface Water 
without Treatment

This would allow discharing to the surface water 
(ultimately to the nearest receiving stream : the 
Kansas River) under terms of a NPDES permit 

without treatment.

Can be very effective, while transferring the COCs 
to the downstream receiving water.

With the addition of recovery and monitoring wells, re-
routing some piping, and removing on-site storgae, no 

additional changes to the current strategy would be 
needed.

Low

This option is well suited by its rural setting, as 
long as monitoring of the dischrage shows all 

reglulated constituents remain below permitted 
limits.

Yes

Discharge to Sanitary Sewer 
without Treatment, at a future 
date

This would require connecting the recovery 
wells to the sanitary sewer and pumping directly 

to the sewer without treating the water.

If in the future, the City upgrades will accommodate 
additional capacity, this option couyld be very 

effective at removing the COCs.

Connecting to the nearby (~1,000 feet East) sanitary 
sewer lift station, significant maintenance of anticipated 

fouling, and must follow the City's upgrades of the 
WWTP to remove nutrients.

Moderate - involves increased maintenance for 
conveyance and electrical systems.

in terms of ease of implementation, if at some 
point in the future the City's POTW can 

accommodate it, this option is easiest behind 
discharging to the surface water without 

treatment.

Yes

Industrial scale ammonia 
stripping

Industrial scale stripping of volatiile ammonie 
requires adjusting the solution pH, using air 

stripping to remove the gaseous phase 
ammonia, followed by neutralizing the pH.

Can be effective, while transferring the ammonia in 
the gaseous phase to the atmopsphere, thus 

poitentially creating an airborne nuisance or health 
hazard.

Difficult. Likely would increase airborne concentrations of 
ammonia requiring an evaluation for an air permit and 

may necessitate ammonia off-gas recovery and disposal.
High

the manipulation of the pH to enhance 
stripping and neuitralization of the water, 

before the nitrate is even addressed, renders 
this an overly complicated, expensive, and 

waste generating option to avoid

No

Industrial scale evaporation

This technology is energy intensive and uses 
heat to evaporate the water, leaving a 

concentrated solution of nitrate, ammonia, and 
all the non-volatile inorganic consitituen ts 

present in groundwater. 

Can be very effective. However, the more 
concentrated the solution becomes the gretarer the 

potential for its chemistry to change and the final 
waste byproduct, while rich in ammonia and nitrate, 

may also be rich in less desireable constituents 
reuiring special waste handling and disposal.

The energy requirements for this option would be 
significantly higher than any of the other options 

screened.
High Waste byproducts likely unusable as a 

market5able commodity No

Groundwater
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Technology Description Effectiveness Implementability Relative Cost Screening Comments Retained
(Yes/No)

In-situ enhanced reductive 
denitrification

This requires injecting soluble electron donor 
solution of carbon or other compound. The 

degree of success relies on intimate prolonged 
contact between injectant and the contaminated 
groundwater. Treatment is effected by reaction 

between the COCs and the electron donor.

Not very effective in fractured lithologic aquifers. 
May be effective in low or moderately transmissive 

aquifers.

Implementing this technology in fractured formations 
typically yields unreliable and unfavorable results. IN 

areas where the groundwater gradient is generally flat, 
the groundwater velocities are too low to ensure intimate 

contact between injectant and COCs.

High
Typically requires muiltiple injections over the 
course of several years for similar volumes of 

contaminated groundwater/
No

Permeable Reactive Barrier 
(PRB)

Involves constructing a wall of highly permeable 
reactive media at depths that span the entire 

vertical thickness and width of the contaminated 
groundwater plume. COCs are destroyed or 

removed as the groundwater migrates through 
the "wall".

Requires continually monitoring to be sure the wall 
is not short-circuited or otherwise bypassed by the 

contamination. Reactive media may require 
replacement or augmentation or 

cleaning/replacement depending on the degree of 
biomass accumulating within it over time.

Very difficult, Depth to groundwater is approximately 30 
feet, the impacted front of the groundwater plume is at 
least 30 feet thick, and the width of the groundwater 

impacted by nitrogen exceeds 2,000 feet. Walls of this 
magnitude are very difficult to properly construct.

Very High
Due to the extreme magnitude of this 

technology compared to others, it was not 
considered further.

No

Groundwater
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Item Quantity Unit Unit Cost Cost
Decommission/Salvage Tank #5 and Tank #6 1 lump sum $ 200,000 $ 200,000
Monitoring and Recovery Well Abandonment 1 Lump Sum $ 50,000 $ 50,000
Interception Trench Decommissioning 4 trenches $ 25,000 $ 100,000
General site regrading with existing on-site soil and materials. 1 Lump Sum $ 200,000 $ 200,000

Construction subtotal $ 550,000
Design and permitting, ~10% of construction costs 10% lump sum $ 550,000 $ 55,000
Project administration and management, ~5% of construction costs 5% lump sum $ 550,000 $ 27,500
Reporting. 1 lump sum $ 10,000 $ 10,000

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 642,500
Annual Operating, Maintenance and Monitoring, Years 3 - 30 28 year $ 0 $ 0

Project Total, Net Present Value, 2020 $ 642,500

Assumptions:

Remedy Description: The No Action Alternative is used for comparison purposes only. This alternative assumes no further monitoring or remedial activities will 
be performed and that existing monitoring networks and remedial infrastructure and systems will be abandoned or removed.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by 
the final selected remedy or remedies.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and 
solar may be more economical.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) 
and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen 
compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, 
PSW-5B2, and PW-9.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on 
our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.
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Item Quantity Unit Unit Cost Cost
Decommission/Salvage Tank #5 and Tank #6 1 lump sum $ 200,000 $ 200,000
Constructed wetlands (3.1 acres) 3 acres $ 25,000 $ 77,500
Terraced vegetated cover using onsite soil, 9.5 acres 10 acres $ 20,000 $ 190,000
Shredding 5,000 cubic yards of tree and yard debris 5,000 cubic yards $ 10 $ 50,000
Hauling groundwater onsite, duration 6 months; trial and error, 50% by weight is resommended 
starting point; more will be added througout the process as pile dries and moisture is consumed 
by the process

300,000 gallons $0.25 $ 75,000

Composting, 5,000 cubic yards of excavated soil, turn, weekly, duration 6 months 5,000 cubic yards $ 40 $ 200,000
Construction subtotal $ 792,500

Bench/Pilot testing 1 lump sum $ 20,000 $ 20,000
Design and permitting, ~10% of construction costs 10% lump sum $ 792,500 $ 79,250
Project administration and management, ~5% of construction costs 5% lump sum $ 792,500 $ 39,625
Contingency, ~10% of construction costs 10% lump sum $ 792,500 $ 79,250

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 1,010,625
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 3 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 4 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 5 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 6 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 7 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 8 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 9 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 10 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 11 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 12 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 13 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 14 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 15 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 16 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 17 1 year $ 15,000
Monitoring and Maintenance - cap inspections and  maintenance, mowing, reporting. Year 18 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 19 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 20 1 year $ 15,000

Remedy Description: Decommission Tank #5 and Tank #6. Sandstone Hill: 9.5 acres of Terraced Vegetated Cover; 3.1 acres of Constructed Wetlands, 
estimated 500 cubic yards of Ex-Situ Soil generated by terracing; use nitrogen impacted Groundwater to maintain optimum moisture content for soil composting. 
Projected timeframe for terraced maintenance cost estimating purposes is 30 years.
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Item Quantity Unit Unit Cost Cost

Remedy Description: Decommission Tank #5 and Tank #6. Sandstone Hill: 9.5 acres of Terraced Vegetated Cover; 3.1 acres of Constructed Wetlands, 
estimated 500 cubic yards of Ex-Situ Soil generated by terracing; use nitrogen impacted Groundwater to maintain optimum moisture content for soil composting. 
Projected timeframe for terraced maintenance cost estimating purposes is 30 years.

Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 21 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 22 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 23 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 24 1 year $ 15,000
Monitoring and Maintenance - inspections and  maintenance, mowing, reporting. Year 25 1 year $ 15,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 26 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 27 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 28 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 29 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 55,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 180,928
Project Total, Net Present Value, 2020 $ 1,191,553

Assumptions:

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on our 
experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and 
solar may be more economical.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered accurate 
for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) and 
subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen compounds in 
alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, PSW-5B2, and 
PW-9.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), thorough 
evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by the final 
selected remedy or remedies.
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Item Quantity Unit Unit Cost Cost
Constructed wetlands (5 acres); additional consideratioon for overexcavating into consolidated 
underlying sandstone. 5 acres $ 50,000 $ 250,000

Shredding 5,000 cubic yards of tree and yard debris 5,000 cubic yards $ 10 $ 50,000
Hauling groundwater onsite, duration 6 months; trial and error, 50% by weight is resommended 
starting point; more will be added througout the process as pile dries and moisture is 
consumed by the process.

300,000 gallons $0.25 $ 75,000

Composting, 5,000 cubic yards of excavated soil, turn, weekly, duration 6 months. 5,000 cubic yards $ 40 $ 200,000
Construction subtotal $ 575,000

Design and permitting, ~10% of construction costs 10% lump sum $ 575,000 $ 57,500
Project administration and management, ~5% of construction costs 5% lump sum $ 575,000 $ 28,750

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 661,250
Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 4 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 5 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 6 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 7 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 8 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 9 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 10 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 11 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 12 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 13 1 year $ 15,000

Remedy Description: Central Ponds: Terraced Constructed Wetlands of approximately 5 acres; Perform five-year reviews and annual groundwater sampling in 
perpetuity. Projected timeframe for maintenance and monitoring cost estimating purposes is 30 years.
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Item Quantity Unit Unit Cost Cost

Remedy Description: Central Ponds: Terraced Constructed Wetlands of approximately 5 acres; Perform five-year reviews and annual groundwater sampling in 
perpetuity. Projected timeframe for maintenance and monitoring cost estimating purposes is 30 years.

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 14 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 15 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 16 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 17 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 18 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 19 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 20 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 21 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 22 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 23 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting.  Year 24 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, 
mowing, recovery well inspections and maintenance; reporting. Year 25 1 year $ 15,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 
26 1 year $ 5,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 
27 1 year $ 5,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 
28 1 year $ 5,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 
29 1 year $ 5,000
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Item Quantity Unit Unit Cost Cost

Remedy Description: Central Ponds: Terraced Constructed Wetlands of approximately 5 acres; Perform five-year reviews and annual groundwater sampling in 
perpetuity. Projected timeframe for maintenance and monitoring cost estimating purposes is 30 years.

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 105,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 188,448
Project Total, Net Present Value, 2020 $ 849,698

Assumptions:

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) and 
subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen compounds in 
alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, PSW-5B2, and 
PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered accurate 
for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and 
solar may be more economical.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), thorough 
evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by the final 
selected remedy or remedies.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on our 
experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.
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Item Quantity Unit Unit Cost Cost
Remove concrete/rebar debris pile 1 lump sum $ 200,000 $ 200,000
Supplementa and repairs to existing impermeable cap and add controls for runoff of nitrogen-
impacted storm water 15 acres $ 20,000 $ 300,000

Shredding 200 cubic yards of tree and yard debris 200 cubic yards $ 10 $ 2,000
Hauling groundwater onsite, duration 6 months 40,000 gallons $ 2 $ 80,000
Composting on-site, 1,000 cubic yards of excavated soil, turn, weekly, duration 6 months 200 cubic yards $ 40 $ 8,000

Construction subtotal $ 590,000
Design and permitting, ~10% of construction costs 10% lump sum $ 590,000 $ 59,000
Project administration and management, ~5% of construction costs 5% lump sum $ 8,000 $ 400
Contingency, ~ 10% of construction 10% lump sum $ 590,000 $ 59,000

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 708,400
Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Remedy Description: Decommission Tank #5 and Tank #6 and remove concrete/rebar debris pile. Impermeable Cap, existing, 5 acres, Ex-situ Soil Composting, 
1,000 cubic yards. Perform five-year reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.
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Item Quantity Unit Unit Cost Cost

Remedy Description: Decommission Tank #5 and Tank #6 and remove concrete/rebar debris pile. Impermeable Cap, existing, 5 acres, Ex-situ Soil Composting, 
1,000 cubic yards. Perform five-year reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 20,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 26 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 27 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 28 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 29 1 year $ 5,000
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Item Quantity Unit Unit Cost Cost

Remedy Description: Decommission Tank #5 and Tank #6 and remove concrete/rebar debris pile. Impermeable Cap, existing, 5 acres, Ex-situ Soil Composting, 
1,000 cubic yards. Perform five-year reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 50,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 236,536
Project Total, Net Present Value, 2020 $ 944,936

Assumptions:

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered accurate 
for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and 
solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on our 
experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), thorough 
evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by the final 
selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) and 
subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen compounds in 
alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, PSW-5B2, and 
PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.
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Item Quantity Unit Unit Cost Cost
Constructed wetlands (3.1 acres) 3 acres $ 25,000 $ 77,500
Vegetated restoration of all disturbed areas 1 acres $ 5,000 $ 5,000
Shredding 200 cubic yards of tree and yard debris 200 cubic yards $ 10 $ 2,000
Hauling groundwater onsite for composting, duration 6 months; trial and error, 50% by weight is 
recommended starting point; more will be added througout the process as pile dries and moisture 
is consumed by the process

40,000 gallons $2.00 $ 80,000

Composting, 200 cubic yards of excavated soil, turn, weekly, duration 6 months 200 cubic yards $ 40 $ 8,000
Construction subtotal $ 172,500

Bench testing 1 lump sum $ 20,000 $ 20,000
Design and permitting, ~10% of construction costs 10% lump sum $ 172,500 $ 17,250
Project administration and management, ~5% of construction costs 5% lump sum $ 8,000 $ 400
Contingency, ~10% of construction costs 10% lump sum $ 172,500 $ 17,250

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 227,400
Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Remedy Description: Constructed wetlands 3.1 acres; composting; Perform five-year reviews and annual groundwater sampling in perpetuity. Projected 
timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.
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Item Quantity Unit Unit Cost Cost

Remedy Description: Constructed wetlands 3.1 acres; composting; Perform five-year reviews and annual groundwater sampling in perpetuity. Projected 
timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 20,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 26 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 27 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 28 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 29 1 year $ 5,000
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Item Quantity Unit Unit Cost Cost

Remedy Description: Constructed wetlands 3.1 acres; composting; Perform five-year reviews and annual groundwater sampling in perpetuity. Projected 
timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - well abandonments; reporting. Year 30 1 year $ 50,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 236,536
Project Total, Net Present Value, 2020 $ 463,936

Assumptions:

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind 
and solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.
As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on 
our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated 
by the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) 
and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen 
compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention 
Basin, PSW-5B2, and PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.
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Item Quantity Unit Unit Cost Cost
Constructed wetlands (23.1 acres) 23 acres $ 25,000 $ 577,500

Construction subtotal $ 577,500
Bench testing 1 lump sum $ 25,000 $ 25,000
Design and permitting, ~10% of construction costs 10% lump sum $ 577,500 $ 57,750
Project administration and management, ~5% of construction costs 5% lump sum $ 577,500 $ 28,875
Contingency, ~10% of construction costs 10% lump sum $ 577,500 $ 57,750

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 746,875
Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 4 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 5 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 6 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 7 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 8 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 9 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 10 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 11 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 12 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 13 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 14 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 15 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 16 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 17 1 year $ 15,000

Remedy Description: Eastern Ponds: 23.1 acres of constructed wetlands. Perform five-year reviews and annual groundwater sampling in perpetuity. Projected 
timeframe for cost estimating purposes is 30 years.
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Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 18 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 19 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 20 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 21 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 22 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 23 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting.  Year 24 1 year $ 15,000

Monitoring and Maintenance - Groundwater monitoring, inspections and  maintenance, mowing, 
recovery well inspections and maintenance; reporting. Year 25 1 year $ 15,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 105,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 188,448
Project Total, Net Present Value, 2020 $ 935,323

Assumptions:

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and 
solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on 
our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by 
the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) 
and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen 
compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, 
PSW-5B2, and PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.
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Item Quantity Unit Unit Cost Cost
Constructed wetlands (18 acres) 18 acres $ 25,000 $ 450,000
Landfill, vegetated cover, monitoring wells (x4) 5 acres $ 20,000 $ 102,000

Construction subtotal $ 552,000
Bench testing 1 lump sum $ 25,000 $ 25,000
Design and permitting, ~10% of construction costs 10% lump sum $ 552,000 $ 55,200
Project administration and management, ~5% of construction costs 5% lump sum $ 552,000 $ 27,600
Contingency, ~10% of construction costs 10% lump sum $ 552,000 $ 55,200

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 715,000
Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Remedy Description: Eastern Ponds: 23.1 acres of constructed wetlands. Perform five-year reviews and annual groundwater sampling in perpetuity. Projected 
timeframe for cost estimating purposes is 30 years.
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Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance, mowing, recovery well inspections and maintenance; reporting. Year 3 1 year $ 25,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 105,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 301,170
Project Total, Net Present Value, 2020 $ 1,016,170

Assumptions:

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and 
solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on 
our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by 
the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) 
and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen 
compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, 
PSW-5B2, and PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.
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Item Quantity Unit Unit Cost Cost
Impermeable cap exists, minor repairs where disturbed soil is removed 3.6 acres $ 2,500 $ 9,000
Shredding 200 cubic yards of tree and yard debris 200 cubic yards $ 10 $ 2,000
Hauling groundwater onsite, duration 6 months 40,000 gallons $ 2 $ 80,000
Composting, 200 cubic yards of excavated soil, turn, weekly, duration 6 months 200 cubic yards $ 40 $ 8,000

Construction subtotal $ 99,000
Design and permitting, ~10% of construction costs 10% lump sum $ 99,000 $ 9,900
Project administration and management, ~5% of construction costs 5% lump sum $ 99,000 $ 4,950
Contingency, ~10% of construction costs 10% lump sum $ 99,000 $ 9,900

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 123,750
Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Remedy Description: Impermeable Cap 3.6 acres total - existing as of October 2019, Soil Composting. Perform five-year reviews and annual groundwater 
sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 years. 
This scenario is not anticipated to achieve final regulatory closure criteria within the 30 year projected timeframe.
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Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Monitoring and Maintenance - Groundwater and surface water monitoring, inspections and  
maintenance; reporting. Year 3 1 year $ 15,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 2 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 50,000

Annual Operating, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 180,176
Project Total, Net Present Value, 2020 $ 303,926

Assumptions:

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind 
and solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on 
our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated 
by the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) 
and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen 
compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention 
Basin, PSW-5B2, and PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.
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Item Quantity Unit Unit Cost Cost
Install three additional pumping wells (drilling and pump installation) for hydraulic control of off-site 
migration 3 each $ 50,000 $ 150,000

Construction subtotal $ 150,000
Design and permitting, ~10% of construction costs 10% lump sum $ 150,000 $ 15,000
Project administration and management, ~5% of construction costs 5% lump sum $ 150,000 $ 7,500
Contingency, ~10% of construction costs 10% lump sum $ 150,000 $ 15,000

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 187,500
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Electric plus Quarterly groundwater monitoring and reporting year 3 1 year $ 40,000
Post-closure monitoring and reporting year 26, pumps off 1 year $ 10,000

Remedy Description:  Groundwater and Storm (surface) water: Hydraulic control, 23.1 acres of wetlands. Long Term Monitoring. Assumes four recovery 
wells, (three are new) to recover groundwater near PSW-5B2 and PW-9 (pumping at ~200 gpm, combined) additional capacity of 100 from surface water = 
total of 300 gpm capacity; Perform five-year reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 
years.
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Post-closure monitoring and reporting years 27, pumps off 1 year $ 10,000
Post-closure monitoring and reporting years 28, pumps off 1 year $ 10,000
Post-closure monitoring and reporting years 29, pumps off 1 year $ 10,000

Post-closure monitoring and reporting; Decommissioning - abandonment of wells; reporting. year 30 1 year $ 100,000

Annual Operating, Electric, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 473,073
Project Total, Net Present Value, 2020 $ 660,573

Assumptions:

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind 
and solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on 
our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated 
by the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) 
and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen 
compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention 
Basin, PSW-5B2, and PW-9.

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.
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Item Quantity Unit Unit Cost Cost
Install three additional pumping wells (drilling and pump installation) for hydraulic control of off-site 
migration 3 each $ 50,000 $ 150,000

Construction subtotal $ 150,000
Design and permitting, ~10% of construction costs 10% lump sum $ 150,000 $ 15,000
Project administration and management, ~5% of construction costs 5% lump sum $ 150,000 $ 7,500
Contingency, ~10% of construction costs 10% lump sum $ 150,000 $ 15,000

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 187,500
Electric, Groundwater monitoring, wetlands inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Remedy Description:  Groundwater and Storm (surface) water: Hydraulic control, 23.1 acres of wetlands. Long Term Monitoring. Assumes four recovery wells, (three are new) to 
recover groundwater near PSW-5B2 and PW-9 (pumping at ~200 gpm, combined) additional capacity of 100 from surface water = total of 300 gpm capacity; Perform five-year 
reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 years.
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Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Electric, Groundwater monitoring, inspections and  maintenance, recovery well inspections and 
maintenance; reporting. Year 3 1 year $ 75,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 26 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 27 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 28 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. Year 29 1 year $ 5,000
Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting. 
Decommissioning - abandonment of wells; reporting. Year 30 1 year $ 100,000

Annual Operating, Electric, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 864,027
Project Total, Net Present Value, 2020 $ 1,051,527

Assumptions:

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to hydraulically prevent 
groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered accurate for budgeting 
purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and solar may be more 
economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on our experience without 
soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), thorough evaluation of 
Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) and subsurface (> 2 feet 
bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen compounds in alluvial, perched, and sandstone aquifers; 
interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, PSW-5B2, and PW-9.
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Item Quantity Unit Unit Cost Cost
Install three additional pumping wells (drilling and pump installation) for hydraulic control of off-site 
migration 3 each $ 50,000 $ 150,000

Bench and Pilot testing 1 lump sum $ 200,000 $ 200,000
Install pre-packaged two-stage ammonia and nitrate removal pre-treatment system. 1 lump sum $ 4,000,000 $ 4,000,000

Construction subtotal $ 4,350,000
Design and permitting, ~10% of construction costs 10% lump sum $ 4,350,000 $ 435,000
Project administration and management, ~5% of construction costs 5% lump sum $ 4,350,000 $ 217,500
Contingency, ~10% of construction costs 10% lump sum $ 4,350,000 $ 435,000

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 5,437,500
Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Remedy Description:  Groundwater and Storm (surface) water: Hydraulic control, 23.1 acres of wetlands. Long Term Monitoring. Assumes four recovery wells, (three 
are new) to recover groundwater near PSW-5B2 and PW-9 (pumping at ~200 gpm, combined) additional capacity of 100 from surface water = total of 300 gpm capacity; 
Perform five-year reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 years.
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Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000
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Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Electric, Groundwater monitoring, treatment system Operations, maintenance and monitoring, waste 
byproducts disposal, inspections and  maintenance, recovery well inspections and maintenance; reporting. 
Year 3

1 year $ 300,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting; minimal 
preventative maintenance of mothballed treatment system. Year 26 1 year $ 50,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting; minimal 
preventative maintenance of mothballed treatment system. Year 26 1 year $ 50,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting; minimal 
preventative maintenance of mothballed treatment system. Year 26 1 year $ 50,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting; minimal 
preventative maintenance of mothballed treatment system. Year 26 1 year $ 50,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting; minimal 
preventative maintenance of mothballed treatment system. Decommissioning - abandonment of wells; 
reporting. Year 30

1 year $ 150,000

Annual Operating, Electric, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 3,439,943
Project Total, Net Present Value, 2020 $ 8,877,443

Assumptions:

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary to 
hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered accurate for 
budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind and solar 
may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based on our 
experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), thorough 
evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits necessitated by the final selected 
remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground surface) and 
subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen compounds in alluvial, 
perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention Basin, PSW-5B2, and PW-9.
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Item Quantity Unit Unit Cost Cost
Install three additional pumping wells (drilling and pump installation) for hydraulic control of off-site 
migration 3 each $ 50,000 $ 150,000

Install connection to lift station, 1,000 feet of 8-inch HDPE piping, fittings and controls 1 lump sum $ 250,000 $ 250,000
Upgrade Lift Station 1 lump sum $ 250,000 $ 250,000

Construction subtotal $ 650,000
Design and permitting, ~10% of construction costs 10% lump sum $ 650,000 $ 65,000
Project administration and management, ~5% of construction costs 5% lump sum $ 650,000 $ 32,500
Contingency, ~10% of construction costs 10% lump sum $ 650,000 $ 65,000

Total Capital (Design and Construction) Cost (in 2020 dollars) $ 812,500
Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Remedy Description:  Groundwater and Storm (surface) water: Hydraulic control, 23.1 acres of wetlands. Long Term Monitoring. Assumes four recovery 
wells, (three are new) to recover groundwater near PSW-5B2 and PW-9 (pumping at ~200 gpm, combined) additional capacity of 100 from surface water = 
total of 300 gpm capacity; Perform five-year reviews and annual groundwater sampling in perpetuity. Projected timeframe for cost estimating purposes is 30 
years.
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Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Electric, Groundwater and sewer permit monitoring, recovery well inspections and maintenance; 
reporting. Year 3 1 year $ 100,000

Groundwater monitoring, recovery well inspections and maintenance; reporting. Year 26 pumps off 1 year $ 10,000

Groundwater and sewer permit monitoring, recovery well inspections and maintenance; reporting. 
Year 26 pumps off 1 year $ 10,000

Groundwater and sewer permit monitoring, recovery well inspections and maintenance; reporting. 
Year 26 pumps off 1 year $ 10,000

Groundwater and sewer permit monitoring, recovery well inspections and maintenance; reporting. 
Year 26 pumps off 1 year $ 10,000

Post-Closure Monitoring - Annual monitoring of groundwater and surface water; reporting; minimal 
preventative maintenance of mothballed treatment system. Decommissioning - disconnect and block 
discharge piping, remove controls, abandonment of wells; reporting. Year 30

1 year $ 100,000
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Annual Operating, Electric, Maintenance and Monitoring, Net Present Value, 2020 -  Years 3 - 30 $ 1,149,404
Project Total, Net Present Value, 2020 $ 1,961,904

Assumptions:

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater withdrawal rate for alluvial aquifer wells necessary 
to hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia in groundwater from migrating beyond the current Site boundaries.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). These estimates should not be considered 
accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These scenarios are subject to change as further data are collected.

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental or substitute sources of energy such as wind 
and solar may be more economical.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction and salvage costs have been estimated based 
on our experience without soliciting competitive bids from multiple qualified contractors using detailed construction or performance plans & specifications.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based on completing the Data Gap Study (DGS), 
thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating a new Consent Order, Corrective Action Decision, or environmental permits 
necessitated by the final selected remedy or remedies.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations present in surface (<2 feet below ground 
surface) and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for groundwater remediation include, but are not limited to: total volume, mass and range of 
nitrogen compounds in alluvial, perched, and sandstone aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional 
Detention Basin, PSW-5B2, and PW-9.



Table 12
Remedial Alternatives Comparisons*

Former Farmland Nitrogen Plant
Lawrence, Kansas

Page 1 of 1

GHD | Cost-Benefit Analysis Report | 11152783 (3)

Alternative Cost
Compliance with 
Remedial Action 

Objectives

Long-Term 
Effectiveness Implementability Average 

Rating

No Action $652,000 0 0 10 3
Soil
Sandstone Hill $1,191,553 9 8 9 9
Central Ponds $849,698 8 8 7 8
Plant A $944,936 9 9 9 9
Western Ponds $463,936 9 9 7 8
Eastern Ponds - Constructed 
Wetlands $935,323 9 9 9 9

Eastern Ponds - Constructed 
Wetlands, Onsite Landfill, East 
Lime Pond

$1,016,170 9 9 6 8

Bag Warehouse $303,926 9 9 9 9
Site-Wide Groundwater
Hydraulic Containment - 
Discharge to Surface Water 
without Treatment

$660,573 5 9 9 8

Hydraulic Containment - Onsite 
Constructed wetlands treatment $1,051,527 9 9 5 8

Hydraulic Containment - Onsite 
Industrial Pre-treatment $8,877,443 9 9 4 7

Hydraulic Containment - 
Discharge to Sanitary Sewer 
without Treatment

$1,961,904 9 9 0 6

Assumptions:

As applicable, bench and pilot testing has been estimated to precede full scale design and implementation, based on our experience. Construction 
and salvage costs have been estimated based on our experience without soliciting competitive bids from multiple qualified contractors using detailed 
construction or performance plans & specifications.

Costs have been estimated in 2019 dollars based on GHD's experience with similar sites in similar settings.

* Qualitative scoring, 0 being worst or least favorable, 10 being best, or most favorable

Power consumption, sewerage, and any other future utility requirements and rates are unknown. Once power requirements are known, supplemental 
or substitute sources of energy such as wind and solar may be more economical.

During the alternative remediation evaluation, additional technologies may be selected and approved by the KDHE (overseeing regulatory agency). 
These estimates should not be considered accurate for budgeting purposes, but merely intended to provide an overall gross estimate.  These 
scenarios are subject to change as further data are collected

Unknown volume, total mass or nitrogen contamination, accurate estimate of average nitrogen concentrations in groundwater, and groundwater 
withdrawal rate for alluvial aquifer wells necessary to hydraulically prevent groundwater containing greater than 10 mg/L nitrate and 2 mg/L ammonia 
in groundwater from migrating beyond the current Site boundaries.

Unknowns for soil remediation include, but are not limited to: an updated estimate of the total volume, mass and range of nitrogen concentrations 
present in surface (<2 feet below ground surface) and subsurface (> 2 feet bgs) soil which may require remediation. Unknown quantities for 
groundwater remediation include, but are not limited to: total volume, mass and range of nitrogen compounds in alluvial, perched, and sandstone 
aquifers; interactions between all three aquifers in the vicinity of the Bag Warehouse, Sandstone Hill, West Extension Pond, Regional Detention 
Basin, PSW-5B2, and PW-9.

At the City of Lawrence's request, these draft and preliminary costs have been estimated without benefit of  an updated conceptual site model based 
on completing the Data Gap Study (DGS), thorough evaluation of Remediation Alternatives arising from the DGS, conditions arising from negotiating 
a new Consent Order, Corrective Action Decision, or environmental permits necessitated by the final selected remedy or remedies.
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Appendix A 
Corrective Action Decision –  

March 15, 2010 
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Appendix B 
Select Data Gap Study Report Figures –  

February 2020 
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Appendix C 
Groundwater Inorganic Analyses,  

Select Monitoring Wells – October 2019 

 
 



Farmland Remediation
City of Lawrence
Inorganic Analytical Summary ‐ October 23, 2019

Location N‐1 N‐2 PSW‐5A PSW‐5B2 PSW‐9B PSW‐13A PSW‐13B PSW‐17 SW‐10 PSW‐6B3/4 PSW‐7B2

Analyte
Chloride, mg/L 39 4 3 28 24 6 6 8 190 22 33
Sulfate, mg/L 140 22 62 1,700 20 32 29 92 160 51 42
Calcium, ug/L 1,100,000 158,000 91,600 342,000 91,600 377,000 763,000 159,000 109,000 96,900 109,000
Chromium, ug/L 7 ND ND ND ND ND 22 ND ND ND ND
Iron, ug/L 2,030 86 289 13,700 632 ND 28,400 ND 11,400 9,700 8,240
Magnesium, ug/L 265,000 11,700 13,200 75,400 6,610 51,300 98,500 13,700 22,200 11,300 13,000
Manganese, ug/L 399 2,090 9 4,400 167 4,650 6,040 77 941 472 348
Potassium, ug/L 35,200 1,670 2,270 13,700 3,920 10,100 4,420 4,280 2,190 1,610 1,580
Sodium, ug/L 160,000 6,090 55,600 56,300 9,740 25,100 45,600 38,600 95,400 25,200 21,000
Ammonia as N, mg/L 15,600 121 ND 114 ND 209 20 ND 4 3 1
Bicarbonate Alkalinity, mg/L 2,580 147 357 241 210 235 256 312 212 297 319
Carbonate Alkalinity, mg/L ND ND ND ND ND ND ND ND ND ND ND
Nitrate/Nitrite as N, mg/L 13,700 195 1 ND 11 479 704 51 3 1 ND

Note: All analyses performed by the City of Lawrence Laboratory



City of Lawrence Laboratories - Municipal Services and Operations

P.O. Box 708

Lawrence, KS  66044

785-832-7817

DRAFT REPORT

DATA SUBJECT TO CHANGE

Enclosed are the results of analyses for samples received at the laboratory on 10/24/19. The results herein 

unless otherwise noted, conform to the TNI standards and the laboratory's procedures. The quantitative  

results in this report relate only to the samples tested.

If you have any questions concerning this report, please feel free to contact me.

November 07, 2019

Lawrence, KS 66044

Sarah Graves

P.O. Box 708

(785) 423-0279

Your feedback for the laboratory services we provide will be greatly appreciated . If you have any input, both positive or 

negative, let us know by contacting us at jtoevs@lawrenceks.org. Your feedback will be used to improve our 

management system, testing, and services.

City of Lawrence - Municipal Services and Operations

RE: NPDES Farmland - Groundwater



Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

Sample ID Laboratory ID Matrix Date Sampled

ANALYTICAL REPORT FOR SAMPLES

Date Received

N-1 W9J0639-01 Water 10/23/19 09:22 10/24/19 07:59

N-2 W9J0639-02 Water 10/23/19 09:45 10/24/19 07:59

PSW-5A W9J0639-03 Water 10/23/19 15:06 10/24/19 07:59

PSW-5B2 W9J0639-04 Water 10/23/19 14:46 10/24/19 07:59

PSW-9B W9J0639-05 Water 10/23/19 13:59 10/24/19 07:59

PSW-13A W9J0639-06 Water 10/23/19 10:38 10/24/19 07:59

PSW-13B W9J0639-07 Water 10/23/19 10:21 10/24/19 07:59

PSW-17 W9J0639-08 Water 10/23/19 11:14 10/24/19 07:59

SW-10 W9J0639-09 Water 10/23/19 13:29 10/24/19 07:59

PSW-6B3/4 W9J0639-10 Water 10/23/19 12:16 10/24/19 07:59

PSW-7B2 W9J0639-11 Water 10/23/19 12:41 10/24/19 07:59
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

N-1

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-01 (Water)

Analyst

Collected:  10/23/19   9:22

Chloride 10 mg/L 9110710 300SUB39 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB140 11/05/19 10:02

Pace Analytical

Calcium 400 ug/L 9110710 EPA 200.7SUB1100000 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUB7.20 10/28/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB2030 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB265000 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB399 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB35200 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB160000 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102412 EPA 350.1KEZ15600 10/24/19 12:41

Bicarbonate Alkalinity 120 mg/L 9110710 SM 2320BSUB2580 10/29/19 10:02

Carbonate Alkalinity 120 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102510 EPA 353.2JNS13700 10/25/19 10:44

N-2

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-02 (Water)

Analyst

Collected:  10/23/19   9:45

Chloride 2.0 mg/L 9110710 300SUB3.6 11/05/19 10:02

Sulfate 2.0 mg/L 9110710 300SUB22 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB158000 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-02 (Water)

Analyst

Collected:  10/23/19   9:45

Iron 50.0 ug/L 9110710 EPA 200.7SUB85.9 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB11700 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB2090 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB1670 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB6090 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102412 EPA 350.1KEZ121 10/24/19 13:22

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB147 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102510 EPA 353.2JNS195 10/25/19 10:45

PSW-5A

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-03 (Water)

Analyst

Collected:  10/23/19  15:06

Chloride 1.0 mg/L 9110710 300SUB2.6 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB62 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB91600 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB289 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB13200 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB9.40 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB2270 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB55600 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102412 EPA 350.1KEZND 10/24/19 12:44

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-03 (Water)

Analyst

Collected:  10/23/19  15:06

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB357 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102510 EPA 353.2JNS0.500 10/25/19 10:46

PSW-5B2

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-04 (Water)

Analyst

Collected:  10/23/19  14:46

Chloride 2.0 mg/L 9110710 300SUB28 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB1700 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB342000 10/25/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/25/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB13700 10/25/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB75400 10/25/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB4400 10/25/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB13700 10/25/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB56300 10/25/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZ114 10/24/19 15:24

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB241 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102510 EPA 353.2JNSND 10/25/19 10:47

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

PSW-9B

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-05 (Water)

Analyst

Collected:  10/23/19  13:59

Chloride 10 mg/L 9110710 300SUB24 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB20 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB91600 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB632 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB6610 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB167 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB3920 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB9740 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZND 10/24/19 15:28

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB210 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102510 EPA 353.2JNS10.9 10/25/19 10:48

PSW-13A

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-06 (Water)

Analyst

Collected:  10/23/19  10:38

Chloride 1.0 mg/L 9110710 300SUB6.1 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB32 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB377000 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-06 (Water)

Analyst

Collected:  10/23/19  10:38

Iron 50.0 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB51300 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB4650 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB10100 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB25100 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZ209 10/24/19 15:33

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB235 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102510 EPA 353.2JNS479 10/25/19 10:49

PSW-13B

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-07 (Water)

Analyst

Collected:  10/23/19  10:21

Chloride 1.0 mg/L 9110710 300SUB6.2 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB29 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB763000 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUB21.8 10/28/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB28400 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB98500 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB6040 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB4420 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB45600 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZ19.6 10/24/19 15:35

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-07 (Water)

Analyst

Collected:  10/23/19  10:21

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB256 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102512 EPA 353.2JNS704 10/25/19 12:15

PSW-17

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-08 (Water)

Analyst

Collected:  10/23/19  11:14

Chloride 1.0 mg/L 9110710 300SUB8.3 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB92 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB159000 10/25/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/25/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUBND 10/25/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB13700 10/25/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB77.1 10/25/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB4280 10/25/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB38600 10/25/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZND 10/24/19 15:37

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB312 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102512 EPA 353.2JNS50.7 10/25/19 12:16
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

SW-10

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-09 (Water)

Analyst

Collected:  10/23/19  13:29

Chloride 10 mg/L 9110710 300SUB190 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB160 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB109000 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB11400 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB22200 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB941 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB2190 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB95400 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZ4.06 10/24/19 15:39

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB212 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102512 EPA 353.2JNS3.12 10/25/19 12:18

PSW-6B3/4

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-10 (Water)

Analyst

Collected:  10/23/19  12:16

Chloride 10 mg/L 9110710 300SUB22 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB51 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB96900 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-10 (Water)

Analyst

Collected:  10/23/19  12:16

Iron 50.0 ug/L 9110710 EPA 200.7SUB9700 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB11300 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB472 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB1610 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB25200 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZ3.09 10/24/19 15:40

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB297 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102512 EPA 353.2JNS0.827 10/25/19 12:19

PSW-7B2

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-11 (Water)

Analyst

Collected:  10/23/19  12:41

Chloride 10 mg/L 9110710 300SUB33 11/05/19 10:02

Sulfate 10 mg/L 9110710 300SUB42 11/05/19 10:02

Pace Analytical

Calcium 200 ug/L 9110710 EPA 200.7SUB109000 10/28/19 10:02

Chromium 5.00 ug/L 9110710 EPA 200.7SUBND 10/28/19 10:02

Iron 50.0 ug/L 9110710 EPA 200.7SUB8240 10/28/19 10:02

Magnesium 50.0 ug/L 9110710 EPA 200.7SUB13000 10/28/19 10:02

Manganese 5.00 ug/L 9110710 EPA 200.7SUB348 10/28/19 10:02

Potassium 500 ug/L 9110710 EPA 200.7SUB1580 10/28/19 10:02

Sodium 500 ug/L 9110710 EPA 200.7SUB21000 10/28/19 10:02

Pace Analytical

Ammonia as N 0.300 mg/L 9102415 EPA 350.1KEZ1.27 10/24/19 15:42
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

ResultAnalyte Limit Batch

Reporting

Analyzed Method QualifiersUnits

W9J0639-11 (Water)

Analyst

Collected:  10/23/19  12:41

Bicarbonate Alkalinity 20 mg/L 9110710 SM 2320BSUB319 10/29/19 10:02

Carbonate Alkalinity 20 mg/L 9110710 SM 2320BSUBND 10/29/19 10:02

Pace Analytical

Nitrate/Nitrite as N 0.250 mg/L 9102512 EPA 353.2JNSND 10/25/19 12:20

DRAFT REPORT, DATA SUBJECT TO CHANGE
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

Result Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Qualifier Analyte

General Chemistry Parameters - Quality Control

City of Lawrence

Batch 9102412 - Ammonia (EPA 350.1)

Blank (9102412-BLK1) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

Blank (9102412-BLK2) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

Blank (9102412-BLK3) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

Blank (9102412-BLK4) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

LCS (9102412-BS1) Prepared & Analyzed: 10/24/19 

Ammonia as N 4.99 0.300 5.00 90-11099.8mg/L

LCS (9102412-BS2) Prepared & Analyzed: 10/24/19 

Ammonia as N 5.02 0.300 5.00 90-110100mg/L

LCS (9102412-BS3) Prepared & Analyzed: 10/24/19 

Ammonia as N 4.95 0.300 5.00 90-11099.0mg/L

LCS (9102412-BS4) Prepared & Analyzed: 10/24/19 

Ammonia as N 5.04 0.300 5.00 90-110101mg/L

Duplicate (9102412-DUP1) Prepared & Analyzed: 10/24/19 Source: W9J0466-01

Ammonia as N 1.03 0.300 0.985 204.47mg/L

Matrix Spike (9102412-MS1) Prepared & Analyzed: 10/24/19 Source: W9J0466-02

Ammonia as N 4.84 0.300 5.30 ND 90-11091.2mg/L
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

Result Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Qualifier Analyte

General Chemistry Parameters - Quality Control

City of Lawrence

Batch 9102415 - Ammonia (EPA 350.1)

Blank (9102415-BLK1) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

Blank (9102415-BLK2) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

Blank (9102415-BLK3) Prepared & Analyzed: 10/24/19 

Ammonia as N ND 0.300 mg/L

LCS (9102415-BS1) Prepared & Analyzed: 10/24/19 

Ammonia as N 5.18 0.300 5.00 90-110104mg/L

LCS (9102415-BS2) Prepared & Analyzed: 10/24/19 

Ammonia as N 5.09 0.300 5.00 90-110102mg/L

LCS (9102415-BS3) Prepared & Analyzed: 10/24/19 

Ammonia as N 5.10 0.300 5.00 90-110102mg/L

Duplicate (9102415-DUP1) Prepared & Analyzed: 10/24/19 Source: W9J0639-04

Ammonia as N 113 0.300 114 201.47mg/L

Matrix Spike (9102415-MS1) Prepared & Analyzed: 10/24/19 Source: W9J0639-05

Ammonia as N 5.14 0.300 5.30 ND 90-11097.0mg/L

Batch 9102510 - Nitrate+Nitrite (EPA 353.2)

Blank (9102510-BLK1) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N ND 0.250 mg/L
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708

Lawrence, KS 66044

785-832-7817

NELAP Laboratory Accreditation: E-60665

Result Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Qualifier Analyte

General Chemistry Parameters - Quality Control

City of Lawrence

Batch 9102510 - Nitrate+Nitrite (EPA 353.2)

Blank (9102510-BLK2) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N ND 0.250 mg/L

Blank (9102510-BLK3) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N ND 0.250 mg/L

Blank (9102510-BLK4) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N ND 0.250 mg/L

LCS (9102510-BS1) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N 5.44 0.250 5.56 90-11097.9mg/L

LCS (9102510-BS2) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N 5.40 0.250 5.56 90-11097.0mg/L

LCS (9102510-BS3) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N 5.63 0.250 5.56 90-110101mg/L

LCS (9102510-BS4) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N 5.52 0.250 5.56 90-11099.2mg/L

Duplicate (9102510-DUP1) Prepared & Analyzed: 10/25/19 Source: W9J0385-02

Nitrate/Nitrite as N 9.48 0.250 9.24 202.60mg/L

Matrix Spike (9102510-MS1) Prepared & Analyzed: 10/25/19 Source: W9J0429-01

Nitrate/Nitrite as N 23.7 0.250 7.50 15.5 90-110109mg/L

Batch 9102512 - Nitrate+Nitrite (EPA 353.2)

Blank (9102512-BLK1) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N ND 0.250 mg/L
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Reported: 11/07/19 13:59

City of Lawrence Laboratory - Municipal Services and Operations

P.O. Box 708
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NELAP Laboratory Accreditation: E-60665

Result Limit

Reporting

Units Level

Spike

Result

Source

%REC

%REC

Limits RPD

RPD

Limit Qualifier Analyte

General Chemistry Parameters - Quality Control

City of Lawrence

Batch 9102512 - Nitrate+Nitrite (EPA 353.2)

Blank (9102512-BLK2) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N ND 0.250 mg/L

LCS (9102512-BS1) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N 5.23 0.250 5.56 90-11094.1mg/L

LCS (9102512-BS2) Prepared & Analyzed: 10/25/19 

Nitrate/Nitrite as N 5.73 0.250 5.56 90-110103mg/L

Duplicate (9102512-DUP1) Prepared & Analyzed: 10/25/19 Source: W9J0639-08

Nitrate/Nitrite as N 47.0 0.250 50.7 207.51mg/L

Matrix Spike (9102512-MS1) Prepared & Analyzed: 10/25/19 Source: W9J0639-09

Nitrate/Nitrite as N 11.0 0.250 7.50 3.12 90-110104mg/L
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Reported: 11/07/19 13:59
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Notes and Definitions 

Sample results reported on a dry weight basis

Relative Percent DifferenceRPD

dry

Not ReportedNR

Analyte NOT DETECTED at or above the reporting limitND

Analyte DETECTEDDET
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