
 

KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT 
BUREAU OF ENVIRONMENTAL REMEDIATION 

STATE COOPERATIVE PROGRAM 
 
 

REMOVAL SITE EVALUATION REPORT 
  

 
 
 
 
 
 

WADE'S ALUMINUM SITE 
FORT SCOTT, KANSAS 

 
C3-006-03010 

 
DECEMBER 2011 





iii 

 

 
TABLE OF CONTENTS 
1.0  INTRODUCTION................................................................................................................................... 1 

2.0  SITE BACKGROUND........................................................................................................................... 1 

2.1  INVESTIGATIVE HISTORY......................................................................................................... 1 
2.2  SITE & VICINITY CHARACTERISTICS..................................................................................... 2 
2.3  TOPOGRAPHY & HYDROLOGY............................................................................................... 2 
2.4  GEOLOGY & GEOHYDROLOGY .............................................................................................. 3 
2.5  SOILS............................................................................................................................................ 3 

3.0  REMOVAL SITE EVALUATION ACTIVITIES .................................................................................... 3 

3.1  XRF SAMPLING AND ANALYTICAL METHODOLOGY......................................................... 3 
3.2  SOIL SAMPLING PROTOCOL................................................................................................... 4 
3.3  DROSS SAMPLING PROTOCOL .............................................................................................. 4 
3.4  SEDIMENT SAMPLING PROTOCOL ........................................................................................ 5 
3.5  SURFACE WATER SAMPLING PROTOCOL .......................................................................... 5 
3.6  GROUNDWATER SAMPLING PROTOCOL............................................................................. 5 
3.7  ADDITIONAL CHARACTERIZATION EFFORTS ..................................................................... 5 
3.8  EQUIPMENT DECONTAMINATION AND INVESTIGATION-DERIVED WASTE.................. 5 

4.0  DATA ANALYSIS AND FINDINGS.....................................................................................................6 

4.1  SOIL SAMPLE RESULTS........................................................................................................... 7 
4.2  DROSS AND DRUM SAMPLE RESULTS................................................................................. 7 
4.3  SEDIMENT.................................................................................................................................... 8 
4.4  SURFACE WATER...................................................................................................................... 8 
4.5  GROUNDWATER ........................................................................................................................ 8 
4.6  ADDITIONAL CHARACTERIZATION........................................................................................ 8 

5.0  VOLUME CALCULATIONS................................................................................................................. 9 

5.1  WASTE VOLUME CALCULATION............................................................................................ 9 
5.2  QUARRY VOLUME CALCULATION .......................................................................................11 

6.0  DATA QUALITY ASSESSMENT.......................................................................................................11 

6.1  XRF QUALITY CONTROL ........................................................................................................11 
6.2  QUALITY CONTROL SAMPLING AND ANALYSIS ..............................................................11 
6.3  XRF LABORATORY SPLIT RESULTS....................................................................................12 
6.4  DUPLICATES.............................................................................................................................12 
6.5  GENERAL DATA ASSESSMENT............................................................................................12 

7.0  REMEDIAL ACTION OBJECTIVES..................................................................................................13 

8.0  REMEDIAL ALTERNATIVES ............................................................................................................13 

8.1  OFFSITE PERMITTED LANDFILL DISPOSAL (WITH EUC) ................................................13 
8.2  ONSITE DISPOSAL AND ENCAPSULATION (WITH EUC)..................................................13 
8.3  NO ACTION................................................................................................................................14 

9.0  CONCLUSIONS AND RECOMMENDATIONS ................................................................................14 

10.0  REFERENCES....................................................................................................................................16 

FIGURE 1.  SITE LOCATION MAP ...............................................................................................................18 



iv 

 

FIGURE 2.  SITE FEATURES ........................................................................................................................19 

FIGURE 3.  GRID AND BIASED SAMPLE LOCATIONS............................................................................20 

FIGURE 4.  BACKGROUND SOIL SAMPLE LOCATIONS ........................................................................21 

FIGURE 5.  DROSS AND DRUM SAMPLE LOCATIONS...........................................................................22 

FIGURE 6.  SEDIMENT AND SURFACE WATER SAMPLE LOCATIONS...............................................23 

FIGURE 7.  GROUNDWATER PROBE LOCATIONS .................................................................................24 

FIGURE 8.   ADDITIONAL SAMPLING LOCATIONS .................................................................................25 

FIGURE 9.  SOIL, DROSS AND DRUM SAMPLE RESULTS (LEAD).......................................................26 

FIGURE 10. SOIL, DROSS, AND DRUM SAMPLE RESULTS (ARSENIC) ..............................................27 

FIGURE 11. SOIL, DROSS AND DRUM RESULTS (CHROMIUM)............................................................28 

FIGURE 12. SOIL, DROSS AND DRUM RESULTS (CADMIUM)...............................................................29 

FIGURE 13.  SOIL, DROSS AND DRUM RESULTS (ZINC) .......................................................................30 

FIGURE 14.  SEDIMENT AND SURFACE WATER SAMPLE RESULTS .................................................31 

FIGURE 15. REPRESENTATIVE WASTE PILE CROSS SECTIONS........................................................32 

FIGURE 16.  WASTE VOLUMES AREA 1 AND AREA 2............................................................................33 

FIGURE 17.  WASTE VOLUMES AREA 3....................................................................................................34 

FIGURE 18.  WASTE VOLUMES AREA 4....................................................................................................35 

FIGURE 19.  WASTE VOLUMES AREA 5....................................................................................................36 

FIGURE 20.  WASTE VOLUMES AREA 6....................................................................................................37 

FIGURE 21.  WASTE VOLUME – WASTE PILE 17.....................................................................................38 

FIGURE 22.  TARGETED REMOVAL AREAS.............................................................................................39 

FIGURE 23.  REPRESENTATIVE QUARRY ELEVATION CROSS-SECTIONS.......................................40 

TABLE 1.  SAMPLING AND ANALYSIS PROGRAM SUMMARY.............................................................42 

TABLE 2.  XRF AVERAGE RESULTS: GRID & BIASED SOIL SAMPLES..............................................43 

TABLE 3.  LABORATORY ANALYSIS SUMMARY: SOIL .........................................................................47 

TABLE 4.  LABORATORY ANALYSIS:  BACKGROUND SAMPLES ......................................................48 

TABLE 5.  XRF AVERAGE RESULTS:  DROSS.........................................................................................49 

TABLE 6.  XRF AVERAGE RESULTS: DRUMS..........................................................................................51 

TABLE 7.  LABORATORY ANALYSIS SUMMARY: DROSS AND DRUM SAMPLES............................52 

TABLE 8.  TCLP ANALYSES ........................................................................................................................53 

TABLE 9.  SEDIMENT LABORATORY ANALYSIS ....................................................................................54 

TABLE 10.  SURFACE WATER LABORATORY ANALYSIS (MAY 2011) ...............................................54 

TABLE 11.   DUPLICATE ANALYSIS RELATIVE PERCENT DIFFERENCES ........................................55 

 

APPENDICES 

Appendix A FIELD NOTES  
Appendix B PHOTOGRAPHS 
Appendix C ANALYTICAL DATA 
Appendix D RSE/SI REPORT 



v 

 

 



Removal Site Evaluation Report – Wade’s Aluminum  2011 

 

 

 1

1.0 INTRODUCTION 
On December 20, 2010 an Environmental Remediation Agreement was signed between the Kansas 
Department of Health and Environment (KDHE) and Bourbon County.  This Removal Site 
Evaluation (RSE) report was prepared by the KDHE for the Bourbon County Board of 
Commissioners as a component of the Environmental Agreement.  The primary objectives of the 
Removal Site Evaluation (SI) at Wade’s Aluminum were to: 

• define the vertical and horizontal extent of contamination in order to estimate waste volumes 
and contaminated soil with lead levels greater than 1,000 milligrams per kilogram (mg/kg);  

• collect sediment samples to delineate potential sediment impacts and evaluate whether 
sediment removal is necessary; 

• collect surface water to determine possible impact on aquatic life; 

• evaluate perched groundwater; 

• characterize contents of drums and waste piles on Site; and, 

• gather sufficient data to develop plans for remedial action.   

This report contains relevant information gathered by KDHE/BER to meet the objectives of this 
RSE, as well as conclusions and recommendations. 

2.0 SITE BACKGROUND 
The Wade’s Aluminum Site is an abandoned secondary aluminum smelter located in a rural area 
north of Fort Scott, Kansas in Section 17, Township 25 South, Range 25 East, Bourbon County 
(Figure 1).  The geographic coordinates of the Site are 37.87136° latitude and -94.69159° longitude 
(NAD83).  The facility reclaimed aluminum from dross, which was brought in from surrounding 
aluminum smelters and stored on Site. 

Smelting operations began in December 1978 with two furnaces.  In 1979, two more furnaces were 
added, one for the reclamation of dross (waste from aluminum smelting operations) and one for 
alloying aluminum.  A fifth furnace was added in 1980 for alloying aluminum.  In October 1984, 
Wade’s Aluminum Products discontinued processing of aluminum dross and began using aluminum 
scrap materials.  Wade’s Aluminum Products filed for bankruptcy in November 1985.  The Site was 
abandoned and acquired by Bourbon County in 2006 as part of a larger land purchase from Cullor 
Properties, L.L.C.   Bourbon County signed an indemnification agreement with Cullor Properties, 
L.L.C. which indemnified Cullor Properties, L.L.C. from any environmental issues existing on the 
property at the time of sale. 

2.1 Investigative History 
KDHE completed a Preliminary Assessment of the property in 1995.  The assessment included the 
collection of two dross samples and one soil sample.  Analytical results of samples indicated that 
dross at the Site was potential RCRA characteristic hazardous waste because of concentrations of 
cadmium, chromium and lead.   
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An integrated Removal Site Evaluation/Site Inspection (RSE/SI) was conducted by KDHE in 2005.  
A total of 33 samples were collected, including five background soil samples and three surface 
water samples.  Lead was the only analyte that exceeded the Tier 2 Levels for non-residential soils 
established in KDHE’s Risk-Based Standards for Kansas (RSK) Manual (KDHE 2010) (i.e., Tier 2 
Levels). Analytical results indicated lead concentrations in the dross and soil ranged between 270 
mg/kg and 7,300 mg/kg.  The non-residential Tier 2 Level for lead in soil is 1,000 mg/kg.  Thirteen 
samples were submitted for Toxic Characteristic Leaching Procedure (TCLP) extraction via SW-
846 Method 1311 and analysis for Resource Conservation and Recovery Act (RCRA) Metals (i.e., 
arsenic, barium, cadmium, chromium, lead, mercury, selenium and Silver) and zinc.  The TCLP 
results indicated that the lead concentrations in three of the samples exceeded the maximum 
concentration of  contaminants for the toxicity characteristic of 5 milligrams per liter (mg/L) as 
specified in 40 CFR 261.24.  This indicates that that some of the dross could be characteristically 
hazardous.  The RSE/SI report is included as Appendix D. 

2.2 Site & Vicinity Characteristics  
The Wades Aluminum Site is an abandoned industrial use property.  The nearest residence is 
approximately 500 feet west of the Site; four more residences are located between 800 and 1,200 
feet west of the Site.  The Bourbon County construction and demolition landfill lies across Noble 
Road to the south.  The Site occupies approximately twenty acres north of Noble Road and east of 
the BNSF railway.  Agricultural land lies to the north and west.   Wolverine Creek runs along the 
northern boundary of the Site; an unnamed intermittent drainage flows across the southeast corner 
of the Site.  This drainage joins Wolverine Creek as it flows toward the Marmaton River, half a mile 
to the south.   

Four buildings of wood construction (Figure 2, buildings 1-3), one of cinderblock (building 4), one 
large open-sided shed (building 5), and brick-and-concrete silos from former cement operations 
occupy the Site, as do several small outbuildings.  All buildings are in various states of disrepair or 
collapse.  A limestone quarry approximately 0.7 acres in size is present in the southwest and west-
central portion of the Site.  

Piles of dross primarily occupy the central portion of the Site near the former furnace building, but 
are scattered across the Site.  Piles of material from the cement operation are located near the open-
sided shed and silos.  Household waste litters the surface of the Site, apparently the result of 
unauthorized dumping.  

2.3 Topography & Hydrology 
The Site is located in the Osage River Basin of the Missouri River Basin.  Surface drainage from the 
Site is to Wolverine Creek, which flows south-southeast to the Marmaton River. Streams in Kansas 
are classified by their ability to support the use categories of aquatic life, agriculture or public 
health; each category has specific water quality standards.  Wolverine Creek is classified as a 
Kansas General Purpose Water, Expected Aquatic Life Use Stream. 
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2.4 Geology & Geohydrology 
The Site is situated upon the Fort Scott Limestone of the Pennsylvania age.  The Fort Scott 
Limestone Formation consists of the Higginsville limestone member, the Little Osage shale 
member, and the Blackjack Creek limestone member.  The Higginsville Limestone has been 
quarried on the western part of the Site.   

The Kansas Geological Survey’s Water Well Records database indicates one domestic water 
well located a mile west of the Site.  This well was drilled to 180 feet, screened in bedrock from 
20 to 160 feet below ground surface (bgs), and has an estimated yield of 45 gallons per minute.  
Bourbon County Rural Water District #2C provides water to the area surrounding the Site.  
RWD #2C buys water from the City of Fort Scott, which obtains it from an intake in the 
Marmaton River approximately three miles upstream of the Site.  

Four monitoring wells were installed in 1995 at the Bourbon County landfill, ranging in distance 
from 600 feet to 1600 feet from the Site.  These wells encountered limestone at depths varying 
from one to three feet, with alternating shale and limestone to total depths of 20 feet, 40 feet, 40 
feet and 30 feet.  Corresponding groundwater depths were 2.66 feet, 21 feet, no water and 17.35 
feet upon completion, indicating confining layers within the sequence.   

2.5 Soils 
The soil type within the Site boundaries has been identified as gravel pits and quarries.  This map 
unit occurs as excavated areas from which soil and limestone bedrock has been removed.  Soil 
cover is typically thin and irregular in such areas.  

3.0 REMOVAL SITE EVALUATION ACTIVITIES  
The Removal Site Evaluation was completed in accordance with the scope of work provided in the 
Environmental Remediation Agreement (ERA) and approved work plan.  Field activities were 
conducted during May 2 through May 5, 2011.  All utilities were located and marked prior to 
mobilization.  Field activities included collection of surface soil samples, dross samples, surface 
water samples and sediment samples.  Attempts to collect groundwater samples were unsuccessful.  
Subsurface samples were collected using direct-push sampling equipment.   In addition soil in a 
former transformer area was collected and the contents of a red drum sampled when encountered by 
field personnel.  The sampling and analytical program is summarized in Table 1. All sample 
locations were determined using a global positioning satellite receiver (GPS).  Field notes 
documenting key field activities are provided in Appendix A.  Photographs depicting field activities 
and significant observations are provided in Appendix B. 

Based on the data, field staff had to return to the Site on September 8, 2011 to collect additional 
samples for chromium.  This activity was crucial to augment initial waste volume calculations.   

3.1 XRF Sampling and Analytical Methodology 
The investigation included the use of a hand-held XRF to collect field readings for arsenic, 
cadmium, lead and zinc concentrations in soils and dross.  XRF screening was conducted in general 
accordance with EPA SW-846 Method 6200 using an Innov-X DC-4000 XRF instrument. 
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Samples for XRF analysis were collected into heavy-duty 1-quart ziplock bags and transported to 
the Bourbon County shop, where a temporary lab had been established.  Each sample was 
homogenized within the ziplock bag.  Wet samples were dried at between 37 and 52 degrees Celsius 
in a forced air oven and further homogenized with mortar and pestle before XRF analysis.  

After XRF analysis, samples chosen as laboratory duplicates were transferred to 8-oz glass sample 
jars prior to laboratory submittal.   

XRF accuracy was assessed by standardization checks, blank and standards analysis, precision 
measurements, and laboratory split samples.  Standardization checks were conducted every morning 
and after every four hours of continuous use.  Lead standards were checked at the beginning of each 
day and every 20 samples to ensure that concentrations were within 20% of known values.  
Instrument precision was measured once daily by analyzing a precision blank seven to ten times in 
replicate.   

Representative samples from 14% of the 224 XRF sample locations were collected and retained for 
laboratory confirmation analysis by EPA SW-846 Method 6010/7470 for the 8 RCRA metals plus 
zinc.  The samples were selected from soils, dross piles and drums across a range of XRF lead 
concentrations below, near and above its non-residential Tier 2 Level of 1,000 mg/kg. 

Field quality assurance/quality control (QA/QC) measures were implemented to assess the validity 
of laboratory data.  During the sampling event, 10% field QA/QC duplicate samples were collected 
and submitted for laboratory analysis.  Primary and duplicate sample locations were recorded in the 
project field book and the field duplicates were labeled so as to be unknown to the laboratory.   

3.2 Soil Sampling Protocol  
Unbiased surface soil sample locations were placed in a grid pattern on approximate 100-foot 
centers across the Site.  In addition to the grid sample locations, biased surface soil sample locations 
were selected based on XRF screening results and field observations indicating dross, stressed 
vegetation, or other factors indicative of former smelter impact, in order to better delineate the 
horizontal extent of soil contamination.  Surface soil samples were collected from 0-0.5 feet below 
grade and composited from several locations within a one-foot area of the collection point.  One 
hundred thirty-six surface soil locations, 94 grid and 42 biased, were sampled; 12 soil samples were 
collected and retained for laboratory confirmation analysis.  Surface sample locations are shown in 
Figure 3. 

Background soil data from the KDHE RSE/SI was used for this investigation.  Background soil 
sample locations are shown in Figure 4. 

3.3 Dross Sampling Protocol 
Twenty-nine dross samples for XRF analysis were collected from drums located in and around 
buildings at the Site, as well as 59 samples from piles located throughout the Site.  Drums were 
grouped according to proximity and visual similarity of contents.  Composite samples were 
collected from each group, which ranged in size from two to twelve drums.  One sample, 
composited from several locations, was collected from each dross pile sampled.  Subsurface 
samples were collected from selected dross piles using direct-push methods. 
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Eight drum and 11 dross samples were submitted for laboratory analysis of total and TCLP RCRA 
Metals and zinc.  Dross and drum sampling locations are shown in Figure 5. 

3.4 Sediment Sampling Protocol 
Two sediment samples were collected from Wolverine Creek upstream and downstream as it flows 
along the northern edge of the property, and two from an unnamed drainage at its entry and exit 
points at the southeast corner of the property.  The samples were submitted for laboratory analysis 
for RCRA metals and zinc.  Sediment sample locations are shown in Figure 6. 

3.5 Surface Water Sampling Protocol 
Two surface water samples were collected from Wolverine Creek upstream and downstream as it 
flows along the northern edge of the property, and two from an unnamed drainage at its entry and 
exit points at the southeast corner of the property.  These samples were submitted for laboratory 
analysis for RCRA metals and zinc.  Two duplicates were collected.  In addition, a sample was 
collected from each stream for total hardness analysis.  Surface water sample locations are shown in 
Figure 6. 

3.6 Groundwater Sampling Protocol 
Borings were advanced in three locations into shallow bedrock in an attempt to obtain groundwater 
samples.  Groundwater probe locations (GWP-1, GWP-2, GWP-3) are shown on Figure 7.  Probe 
refusal occurred at 14 feet, 1.5 feet and 18 feet, respectively.  Groundwater was not encountered at 
these locations.  

3.7 Additional Characterization Efforts 
A possible former transformer area and a red drum with petroleum-type liquid contents were 
discovered during field work.  No visible staining was evident in the former transformer area; a 
composite surface soil sample was collected for polychlorinated biphenyl (PCB) analysis by EPA 
SW-846 Method 8082.  The drum was sampled by tipping and pouring through an open bunghole, 
and was analyzed for Total Petroleum Hydrocarbons (TPH) Diesel Range Organics by EPA SW-
846 Method 8015B.  Sample locations are shown in Figure 8.  

Analytical results for chromium soils and dross in excess of Tier 2 levels were received from the 
laboratory after the 28-day holding time for hexavalent chromium (also known as chromium (VI)) 
had expired.  In order to support derivation of a Tier 3 risk-based concentration for chromium at the 
Site, five additional samples were collected on September 8 from representative areas of the Site 
and three submitted for total chromium analysis by EPA SW-846 Method 6010 and hexavalent 
chromium analysis by EPA SW-846 Method 7196.  Sample locations are shown in Figure 8. 

3.8 Equipment Decontamination and Investigation-Derived Waste 
Non-dedicated sampling equipment was decontaminated prior to arriving at the site and between 
samples.  Decontamination water was disposed of on-site.  Down-hole equipment was not re-used 
during probing and sample collection procedures, and was decontaminated upon return to station.   
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Clean disposable nitrile gloves were worn during sample collection and decontamination procedures 
and changed between sampling locations to minimize the potential for cross-contamination. 

Project investigation-derived waste (IDW) generally included the following: 

• soil cuttings from soil borings; 

• decontamination water; 

• used personal protective equipment (PPE); and, 

• bagged samples for XRF analysis. 

All IDW was managed in general accord with the KDHE-BER SOP entitled Characterization and 
Disposal of Investigative-Derived Waste (KDHE 2011a) and Guide to Management of 
Investigation-Derived Wastes (U.S. EPA, 1992).  Disposable sampling equipment and personal 
protective equipment was disposed as municipal solid waste.  

4.0 DATA ANALYSIS AND FINDINGS 
The soil data collected during the RSE were compared to KDHE’s Tier 2 Levels for the Soil 
Pathway provided in the RSK Manual.  Tier 2 Levels vary based on current and future land use (i.e., 
residential or non-residential). The Soil Pathway addresses the impact to human health via ingestion 
of contaminated soil, inhalation of VOCs and/or fugitive emissions or dusts, and dermal contact 
with contaminated soil.  The RSK Manual establishes Tier 2 Levels for two additional pathways: (1) 
the Soil-to-Groundwater Protection Pathway, which is based on the contaminant concentration in 
soil that is protective of groundwater; and (2) the Groundwater Pathway, which addresses the 
impact to human health in the event that groundwater is or may be a future source of drinking water.  
For those constituents for which U.S. EPA has promulgated primary maximum contaminant levels 
(MCLs), the Tier 2 Levels for the Groundwater Pathway are the MCLs.    As groundwater was not 
encountered during the investigation, these potential pathways are not germane to this report. 

While most soil data are compared to KDHE’s non-residential Tier 2 Levels for the Soil Pathway, 
for chromium KDHE performed a Tier 3 analysis to determine the appropriate risk-based cleanup 
level.  Chromium may occur in multiple oxidation states, some which have more health impacts 
than others.  KDHE’s Tier 2 Level for chromium is based on hexavalent chromium, because 
hexavalent chromium compounds are classified by the U.S. Department of Health and Human 
Services (DHHS) as known human carcinogens.  Soil samples submitted for total chromium 
analysis during the initial phase of the investigation indicated concentrations in excess of KDHE’s 
Tier 2 Level for chromium of 111 mg/kg.  In order to better understand the nature of impacts at the 
Site and determine a better estimate of volume, KDHE collected additional soil samples for analysis 
of hexavalent chromium and total chromium.  Findings from the September sampling indicate that 
hexavalent chromium was not detected in any sample above the laboratory reporting limit.  On this 
basis, KDHE calculated the site-specific Tier 3 Level of 3,060,000 mg/kg for chromium in soil 
based on the toxicity of trivalent chromium.   

Sediment samples from Wolverine Creek, a classified stream, were evaluated using Threshold 
Effect Concentrations (TECs) identified in MacDonald et al 2000, per KDHE/BER Sediment Policy 
(KDHE, 2004)).  TECs are consensus-based, chemical-specific concentrations that are considered to 



Removal Site Evaluation Report – Wade’s Aluminum  2011 

 

 

 7

be protective of aquatic life in classified streams and are found in Tables 2 and 3 of the referenced 
policy document.  Sediment samples collected from the non-classified intermittent stream were 
evaluated using Tier 2 Levels for the Soil Pathway. 

Surface water samples from Wolverine Creek, a General Purpose, Expected Aquatic Life Use 
stream, were compared to chronic and acute Aquatic Life Standards (ALS) according to the KDHE 
Bureau of Water Kansas Surface Water Quality Standards (KDHE/BOW, December 2004).  
Surface water samples from the intermittent stream were compared to ALS standards for evaluation 
purposes only. 

Eighteen soil, dross and drum samples were submitted for analysis of TCLP metals to determine if 
soil and/or waste material exhibited hazardous waste characteristics.  The resultant data were 
compared to the maximum concentrations of contaminants for the toxicity characteristic as specified 
in 40 CFR 261.24. 

4.1 Soil Sample Results 
XRF results for soil samples are presented in Table 2; corresponding off-site laboratory results are 
presented in Table 3.  Soil sample locations are shown in Figure 3.  Copies of XRF reports are 
included in Appendix C.   

XRF analyses indicated that average lead concentrations exceeding the Tier 2 Level for non-
residential land use of 1,000 mg/kg were detected at nine surface soil (0-0.5 foot) sample locations.  
Average arsenic concentrations exceeding the Tier 2 Level of 38 mg/kg were detected at 24 surface 
soil sample locations.  No samples exceeded the Tier 2 Levels for cadmium (965 mg/kg) or zinc 
(610,000 mg/kg).  It was noted in the XRF operator’s notes, but not recorded in XRF logs, that 
some soil samples exhibited chromium concentrations, but none in excess of site-specific Tier 3 
Level of 3,060,000 mg/kg. 

Laboratory analyses indicated that of the 12 soil samples analyzed, four exceeded the Tier 2 Level 
for lead with a range of 1,100 to 1,600 mg/kg (Table 3, Figure 9).  No samples exceeded the Tier 2 
Levels for arsenic, cadmium, chromium, or zinc (Figures 10-13).  No soil samples submitted for 
TCLP extraction and analysis exceeded the applicable thresholds.  

No metals in excess of Tier 2 Levels (Table 4) were detected in any of the background samples 
collected during previous KDHE investigations.  

4.2 Dross and Drum Sample Results 
XRF analyses of the 57 dross pile samples indicated lead concentrations up to 16,267 mg/kg and 
arsenic concentrations up to 807 mg/kg (Table 5).  Cadmium was detected through XRF analyses at 
concentrations up to 30 mg/kg.  It was noted in the XRF operator’s notes, but not recorded in XRF 
logs, that relatively low concentrations of chromium were observed in some dross samples.  

As shown in Table 7, laboratory analysis of the 11 dross pile samples submitted for offsite analysis 
indicated lead concentrations up to 32,000 mg/kg.  Arsenic, cadmium, zinc and chromium were 
detected at concentrations up to 14 mg/kg, 9.2 mg/kg, 27,000 mg/kg, and 530 mg/kg, respectively.  
Waste Sample W-00, which appeared to be the contents of an emptied drum in building B, and 
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dross pile sample WP-7 exceeded the TCLP threshold for lead (5 mg/L) with concentrations of 110 
mg/L and 160 mg/L, respectively.  No dross pile samples exceeded TCLP thresholds for arsenic, 
cadmium, or chromium. 

XRF analyses of the 29 drum samples (Table 6) indicated lead concentrations up to 16,333 mg/kg.  
Arsenic, cadmium, and zinc were detected at concentrations up to 697 mg/kg, 77 mg/kg, and 
100,000 mg/kg, respectively.   It was noted in the XRF operator’s notes, but not recorded in XRF 
logs, that relatively low concentrations of chromium were observed in some drum samples. 

As shown in Table 7, laboratory analysis of the eight drum samples submitted for offsite analysis 
indicated lead concentrations up to 38,000 mg/kg.  Arsenic, cadmium, zinc and chromium were also 
detected at concentrations up to 15 mg/kg, 21 mg/kg, 180,000 mg/kg and 730 mg/kg, respectively.   
No drum samples exceeded arsenic, cadmium, zinc, or Site-specific chromium RSK.  The three 
samples with the highest lead concentrations were collected from individual drum Y and drum 
groups X (2 drums) and Z (3 drums) containing solid material.  These drums also exceeded the 
TCLP threshold for lead with respective concentrations of 19 mg/L, 63 mg/L and 28 mg/L (Table 
8).  No drum samples exceeded TCLP thresholds for arsenic, cadmium, and chromium.    

4.3 Sediment   
In accordance with KDHE policy, sediment sample results were compared to TECs and non-
residential soil pathway RSK values (Table 9).  The arsenic TEC (9.79 mg/kg) was exceeded in the 
upstream sample of Wolverine Creek (9.8 mg/kg) and in the downstream sample (10 mg/kg).  Zinc 
exceeded its TEC (121 mg/kg) upstream (160 mg/kg) and downstream (1,000 mg/kg).  Cadmium 
exceeded its TEC (0.99 mg/kg) in the downstream sample (4.6 mg/kg).  Lead did not exceed its 
TEC (35.8 mg/kg) at either location.   

Respective Tier 2 Levels were not exceeded in the intermittent stream samples for cadmium, lead 
and zinc.  The upstream sample (42 mg/kg) exceeded the Tier 2 Level of 38 mg/kg for arsenic; the 
downstream sample did not.  

4.4 Surface water   
Surface water results were compared to acute and chronic Aquatic Life Use Standards (ALS), which 
are calculated using stream-specific water hardness values.  These values are included with surface 
water results in Table 10.  ALS standards were not exceeded in Wolverine Creek.  The upstream 
sample collected from the intermittent stream exceeded the chronic ALS for copper; the 
downstream sample did not.  Cadmium was not detected in either sample; however, the ALS 
standard of 3.05 µg/L for cadmium was below the laboratory’s method detection limit (5 µg/L) for 
the contaminant. 

4.5 Groundwater  
Groundwater was not encountered in the three borings advanced to bedrock at the Site.   

4.6 Additional Characterization  
The contents of the red drum were identified by laboratory analysis as diesel fuel.   
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PCB-1260 was detected in the soil sample collected in the former transformer area at a 
concentration of 0.0615 mg/kg.  This concentration is well below the cleanup standard for PCB in 
bulk remediation waste of 1 part per million.  Soil staining was not observed during sample 
collection. 

Hexavalent chromium was not detected at the Site. The laboratory reporting limit for hexavalent 
chromium was 2 mg/kg, well below the Tier 2 Level for hexavalent chromium of 111 mg/kg.  

5.0 VOLUME CALCULATIONS 
To evaluate future removal options for the contaminated soil and waste identified at the Site, KDHE 
calculated the volume of contaminated soils and waste and the volume of the adjacent limestone 
quarry.  KDHE’s methodology and findings for these activities are presented below. 

5.1 Waste Volume Calculation 
KDHE contracted Land and Mapping Services to conduct a stereographic flight over the Site in 
March 2011. From that flight, Land and Mapping Services developed a Triangular Irregular 
Network (TIN) elevation model which included breaklines and two-foot contours.  Representative 
cross sections are shown on Figure 15. The TIN elevation model, sampling data and visual 
observations formed the basis for determining the extent of the various dross piles and calculating 
waste volumes.   

To determine the lateral extent of the dross piles, the TIN and associated data files were imported 
into ESRI’s ArcMap™ software.  Supplementing this information with field observations and aerial 
photographs, polygons were drawn around the base of each pile. Volume calculations were made 
for waste piles identified as WP-7, WP-12, WP-17, WP-20, WP-21, WP-27, and WP-29.  Waste 
Pile 7, a relatively small pile, did not show up as a pile of greater than two feet in height and 
consequently was digitized based solely from field observations and aerial photographs.  

The initial 100-foot grid sampling identified soil contamination areas.  KDHE staff further defined 
these areas by taking samples in 25 foot, 50 foot and/or 75 foot intervals around the initial 100-foot 
grid point.  The sampling results from this sampling effort was used with the TIN elevation model 
to identify soil contamination areas (which may or may not be associated with waste piles) and 
estimate volumes.  These areas include Area 1 (grid point 2-4), Area 2 (grid point 3-4), Area 3 (grid 
point 5-4), Area 4 (grid point 6.5-7), Area 5 (grid point 3-10) and Area 6 (grid points 1-10, 2-10 and 
2-9.75).  Sample location 6.5-7 occurred in a relatively level area surrounded by debris and the 
remains of an asphalt road.  This area is represented as a circle of approximately 20 feet in diameter. 
These areas were otherwise treated in the same manner as the dross piles. 

Once the extent for each waste pile was compiled, the elevation of the base was determined. The 
TIN model provides elevation of features on the surface and does not account for any natural 
topography hidden beneath the anthropogenic landscape. Because of this, any attempt to extract 
elevation information for a 3D polygon feature to represent the base of the waste piles would have 
resulted in a volume calculation of zero for each area of removal.  An assumption was made that the 
topography underlying each pile is flat and the bases were assigned the lowest elevation value found 
along the edge of the base, rounded to the nearest foot.  The exception to this would be waste piles 
12 and 21, which are situated along a ridge and in part cover the ridge. In these instances, the use of 
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the lowest elevation has likely resulted in a significant over-estimation of the amount of waste 
present. To account for any sub-surface contamination, one foot, the rounded estimated depth to 
bedrock, was subtracted from each base elevation.       

The “TIN Polygon Volume” ArcMap tool was then used to determine waste volumes. The dross 
pile base polygons were used for the reference plane (Figures 16-21).  The following volume 
calculations were made: 

 

Location ID Volume  
(cubic yards) Volume +50% Analytical Lead 

(mg/kg) 
XRF Lead  
(mg/kg) 

WP-12 395 593 1,200 972 
WP-17 25 38 2,600 2,065 
WP-20 67 101 1,200 1,482 
WP-21 404 606 - 1,539 
WP-27 243 365 - 1,364 
WP-29 51 77 - 1,943 
Area 1 39 59 1,400 2,044 
Area 2 75 113 - 10,610 
Area 3 28 42 - 2,991 
Area 4 29 44 - 2,312 
Area 5 100 150 - 3,404 
Area 6 282 423 1,400 1,912; 1,259; 1,085 
Total 1,738   2,611   

 

Figure 22 illustrates locations and volumes.  The total volume of material (waste piles and soil) that 
is equal to or greater than 1,000 mg/kg lead but not characterized as hazardous waste is estimated to 
be between 1,738 and 2,611 cubic yards.   

Drum Y, drum groups X and Z, dross pile WP-7 (6 cubic yards) and W-00 combined for an 
estimated 8 cubic yards of material that failed TCLP for lead.  Drum Y and drum groups X and Z 
contained enough metal to perhaps be candidates for beneficial reuse if interested parties could be 
found.  WP-7 and W-00 must be disposed of as hazardous waste in a permitted hazardous waste 
facility. 

An estimated volume was calculated to determine the amount of dross (waste material) that 
should be removed from the surface of the site.  This calculation was based on outlining a total 
removal area using field observations and aerial photos (Figure 22) and sectioning it into areas of 
two-foot changes of elevation in order to account for the site’s gradual rise in elevation north to 
south across the site.  Using the average of each section’s elevation as grade elevation, the 
volume of material above grade in each section was calculated and the results totaled.    The 
volume of waste in drums on site was estimated to be approximately 60 cubic yards. Estimated 
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total volume of waste material at the site was determined to be between 7,000 and 10,500 cubic 
yards. 

5.2 Quarry Volume Calculation 
To derive quarry boundaries, a GPS receiver and antenna was used to delineate the edge.  The north 
edge of the quarry was not evident in the field, so a northern boundary was determined on the basis 
of quarry features from air photos.  Representative cross sections of the quarry are shown in Figure 
23. 

In order to take into account that the east edge of the quarry was often lower in elevation than the 
west, and provide an option for a sloped top, two separate polygons were created for the quarry, 
dividing the quarry roughly in half.  The Digital Terrain Model (DTM) highlighted elevations at two 
foot intervals until the highlighted elevations no longer provided visual definition to the quarry. At 
that point, the average elevation for the previous interval was used to represent the top of the quarry, 
and each side of the quarry was evaluated separately, giving two separate elevations from which to 
determine volume.  

Once the quarry edge was determined, the volume calculations used the same methods as the waste 
volume calculations. The capacity of the abandoned limestone quarry along the west edge of the 
Site is calculated to be 13,600 cubic yards.   

6.0 DATA QUALITY ASSESSMENT 
Removal Site Evaluation data were reviewed in accordance with BER SOP-11, Evaluation and 
Validation of Data (KDHE, 2011b) with consideration of National Functional Guidelines for 
Superfund Inorganic Methods Review (U.S. EPA, 2010). The evaluation included review of holding 
times, blank sample analyses, and duplicate sample results.  In general, the laboratory and field 
quality assurance (QA)/quality control (QC) parameters were considered acceptable as reported and 
qualified.  

6.1 XRF Quality Control 
XRF energy calibration check samples consistently showed no instrument failures.  Blank and 
standard samples were consistently within acceptance ranges.  Precision replicates did not exceed 
20% relative standard deviation. 

6.2 Quality Control Sampling and Analysis 
Samples submitted for laboratory analysis were extracted and analyzed for COCs within their 
respective EPA laboratory method holding times.  Laboratory reporting limits for sample analyses 
were generally consistent with the method-specific detection limit.  Laboratory reporting limits were 
below applicable Tier 2 Levels and all TEC concentrations except for cadmium in two samples. The 
lower reporting limits were achieved by re-submittal of Wolverine Creek samples, but not 
intermittent stream samples.  The overall objectives of the SI were not affected by elevated 
reporting limits. Laboratory reporting and method detection limits are provided in the analytical 
laboratory report in Appendix C. 
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6.3 XRF Laboratory Split Results 
Analytical results of the XRF/laboratory split samples are included in Appendix C and are 
summarized in Tables 2 through 7.  The XRF data and the laboratory results were compared from 
drum samples, dross piles, and soil samples from a range of XRF lead values.  A linear regression 
was calculated for the XRF vs. laboratory confirmation analysis data.  According to EPA SW-846 
Method 6200, a coefficient of determination (r2) = 0.7 to r2 = 0.9 can be considered qualitative 
screening level data; a value of r2 = 0.9 or higher can be considered quantitative definitive level 
data. A value of r2 = 0.94 was calculated for lead, r2= 0.19 for arsenic and r2= .81 for zinc.   The 
majority of the XRF data for cadmium were below the instrument limits of detection (LOD) and no 
correlation coefficient was calculated.  As chromium was detected in all laboratory samples, a value 
of r2= .32 was calculated.  The XRF data obtained for lead during this Removal Site Evaluation may 
be considered quantitative definitive level data.  The XRF data for zinc may be considered 
qualitative screening level data.  

6.4 Duplicates 
Four duplicate sample results were compared to the original laboratory results by calculating the 
relative percent difference (RPD) for arsenic, cadmium, chromium, lead, and zinc.  RPD ranges for 
duplicate laboratory analysis are as follows: 

Arsenic: 0-15% 

Cadmium: 1-15% 

Chromium: 0-4% 

Lead:  0-47%  

Zinc:  0-13% 

The typical RPD goal for field duplicates is less than 20 percent.  This goal was achieved for all 
analytes in all duplicates except for lead in sample WP-12 (27%) and sample Drum R (47%).  In 
general, RPD values for duplicate samples are within acceptable ranges and the data are valid for 
their intended use (Table 11).  

6.5 General Data Assessment 
Based on review of quality control sample data, the overall quality of the data generated is 
acceptable and none of the laboratory data was rejected. Reported contaminant levels generally 
appear to be accurate and precise. 

Laboratory reporting limits were below applicable Tier 2 levels and all TEC concentrations except 
for cadmium in two samples. The overall objectives of the SI were not affected by elevated 
reporting limits.   

Soil, waste, sediment, surface and groundwater data sets achieved 100 percent completeness as 
proposed by the SI Work Plan.  KDHE concludes that the data set is representative of the soil, 
waste, sediment, surface water, and groundwater conditions encountered at the Site. 
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7.0 REMEDIAL ACTION OBJECTIVES 
Remedial Action Objectives (RAOs) are media-specific goals for protecting human health and the 
environment, based on current and reasonably likely site conditions. The primary constituent of 
concern at the Site is lead.    Based on site conditions, Remedial Action Objectives include:   

Human health:  prevent human exposure through direct contact and/or ingestion of contaminated 
soil and smelter waste with concentrations of lead above acceptable levels. 

Ecological:  prevent additional adverse impact from waste and contaminated soil to aquatic life, 
individuals of a threatened or endangered species, and other ecological receptors 

Contaminant Transport:  prevent migration of soil and smelter waste that contains lead in excess of 
standards that could result in environmental degradation of surface water, sediment and soils. 

8.0 REMEDIAL ALTERNATIVES 
Remedial actions potentially applicable to the site RAOs could include: 

• Excavation and offsite permitted landfill disposal with Environmental Use Controls (EUCs) 

• Excavation and onsite disposal and capping with EUCs and offsite disposal of characteristic 
hazardous waste 

• No Action 

Each is discussed below. 

8.1 Offsite Permitted Landfill Disposal (with EUC) 
Soils and waste exceeding non-residential Tier 2 levels may be placed in offsite permitted landfills.  
Material found to be characteristic hazardous waste must be disposed in a hazardous waste disposal 
facility, while non-hazardous material can be placed as special waste in some Subtitle D landfills.  
Offsite disposal would be protective of human health and ecological receptors.  In addition, it would 
prevent future degradation of surface water, sediment and soils at the Site.  Costs for disposal in 
permitted landfills are relatively high.  An Environmental Use Control could be used to place 
restrictions and conditions at the Site where contaminant levels remain at concentrations greater 
than residential cleanup levels.  Restrictions commonly prohibit groundwater use, prohibit 
residential use of the property, have provisions and assurance for any necessary long-term 
operations and maintenance, and provide for KDHE access to the property to periodically confirm 
that the EUC conditions are being maintained.  A EUC would be effective in preventing future 
residential child and adult expose to waste and soil in excess of residential standards at the Site.  
Costs for EUCs are relatively low.   

8.2 Onsite Disposal and Encapsulation (with EUC) 
After removal of household and other trash, soils and waste exceeding non-residential Tier 2 levels 
could be excavated and consolidated for placement in an onsite encapsulation cell that would 
consist of a low permeability covering, such as clay, over the contaminated material.  The clay 
would be covered with topsoil to support vegetation.  The capping material would prevent direct 
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contact by human and ecological receptors as well as prevent future degradation of surface water, 
sediment and soils at the Site; it would therefore be protective.  Costs for encapsulation are expected 
to be below costs of offsite disposal.  As with the first alternative, material found to be characteristic 
hazardous waste must be disposed in a hazardous waste disposal facility, and an EUC emplaced in 
order to be protective of future residential human exposure to waste and soil at the Site.  

8.3 No Action 
No Action would entail no remedial actions to mitigate existing contamination and would not be 
protective of human health or ecological receptors. No action could result in environmental 
degradation of surface water, sediment and soils. 

9.0 CONCLUSIONS AND RECOMMENDATIONS 
In general, elevated concentrations of metals in surface soil samples correlated with visual evidence 
of waste material observed at the Site.  Laboratory data indicate that lead was the only analyte that 
exceeded its non-residential Tier 2 Level and respective TCLP threshold.  Other contaminants were 
identified during the XRF screening but were not verified by laboratory analysis.   Additional field 
sampling by KDHE in September documented the primary species of chromium as trivalent; 
therefore, chromium was eliminated as a contaminant of concern. 

Surface water in Wolverine Creek did not exceed Aquatic Life Use Criteria for metals of interest. 
The Site does not appear to be a major contributor of metals to surface water.  

Arsenic and zinc TECs were exceeded in both the upstream and downstream samples of Wolverine 
Creek.  Cadmium exceeded its TEC in the downstream sample.  Lead did not exceed its TEC at 
either location.  The Site does not appear to be a major contributor of metals; however, given the 
observed increase in zinc concentrations from upgradient to downgradient, further evaluation of 
sediment impacts in Wolverine Creek may be warranted.  The intermittent stream upstream sample 
exceeded the Tier 2 Level for arsenic but not for cadmium, lead or zinc.   

Perched groundwater was not encountered at the Site.  Completion data from nearby monitoring 
wells indicate the presence of competent shale and limestone acting as confining units for 
groundwater below. 

The waste volume analysis indicates that an estimated 1,738 to 2,611 cubic yards of contaminated 
soil and waste above the KDHE Tier 2 level for non-residential land uses is present on-site.  
Approximately 8 cubic yards of that material failed the TCLP test and must be treated as a 
characteristic hazardous waste.  The volume of the on-site quarry was calculated to be 13,600 cubic 
yards, which suggests that the quarry may be an appropriate location to consolidate and cap wastes 
on-site as discussed in Section 8.2. 

The data collected during the RSE conclusively identify the former Wade's Aluminum operation as 
a source of heavy metals contamination (primarily lead).  Further response actions are necessary to 
protect human health and the environment. KDHE offers the following recommendations for future 
actions: 

• Bourbon County should proceed with development of a Removal Action Design (as agreed 
to in the ERA) to excavate, consolidate and cap contaminated soil and non-hazardous wastes 
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on-site and dispose of potentially hazardous waste off-site.  Although shallow groundwater 
was not encountered during the SI, the RAD should minimize the potential for infiltration of 
precipitation and include controls to prevent leachate from degrading any subsurface water 
bearing units.  

• Solid waste and dilapidated buildings should be addressed. 

• Establish Environmental Use Controls (EUCs) to restrict future uses of the property as 
necessary to protect of the health of future employees and patrons of the facility. 

• KDHE also recommends that waste material containing aluminum dross and other waste 
debris that did not test above 1000 mg/kg for lead be considered for on-site disposal. 
Sampling such material is highly variable, and test results can vary depending on a variety 
of factors.  The total approximate volume of the estimated waste material at the site was 
determined to be between 7,000 and 10,500 cubic yards, which could be accommodated 
within the quarry boundaries.  Removal of the majority of this dross from the site surface 
would further reduce potential exposure risk, as well as facilitate future development of the 
site.   
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FIGURE 1.  SITE LOCATION MAP 
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FIGURE 2.  SITE FEATURES 
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FIGURE 3.  GRID AND BIASED SAMPLE LOCATIONS 

 



Removal Site Evaluation Report – Wade’s Aluminum  2011 

 

 

 21

FIGURE 4.  BACKGROUND SOIL SAMPLE LOCATIONS 
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FIGURE 5.  DROSS AND DRUM SAMPLE LOCATIONS 
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FIGURE 6.  SEDIMENT AND SURFACE WATER SAMPLE LOCATIONS 
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FIGURE 7.  GROUNDWATER PROBE LOCATIONS 
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FIGURE 8.   ADDITIONAL SAMPLING LOCATIONS 
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FIGURE 9.  SOIL, DROSS AND DRUM SAMPLE LABORATORY RESULTS (LEAD) 
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FIGURE 10.  SOIL, DROSS, AND DRUM SAMPLE LABORATORY RESULTS (ARSENIC) 
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FIGURE 11. SOIL, DROSS AND DRUM LABORATORY RESULTS (CHROMIUM) 



Removal Site Evaluation Report – Wade’s Aluminum  2011 

 

 

 29

 
FIGURE 12. SOIL, DROSS AND DRUM LABORATORY RESULTS (CADMIUM) 
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FIGURE 13.  SOIL, DROSS AND DRUM LABORATORY RESULTS (ZINC) 
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FIGURE 14.  SEDIMENT AND SURFACE WATER SAMPLE RESULTS 
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FIGURE 15. REPRESENTATIVE WASTE PILE CROSS SECTIONS 
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FIGURE 16.  WASTE VOLUMES AREA 1 AND AREA 2 
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FIGURE 17.  WASTE VOLUMES AREA 3 
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FIGURE 18.  WASTE VOLUMES AREA 4 
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FIGURE 19.  WASTE VOLUMES AREA 5 
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FIGURE 20.  WASTE VOLUMES AREA 6 
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FIGURE 21.  WASTE VOLUME – WASTE PILE 17 
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FIGURE 22.  TARGETED REMOVAL AREAS FOR LEAD  
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FIGURE 23.  REPRESENTATIVE QUARRY ELEVATION CROSS-SECTIONS 
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TABLE 1.  SAMPLING AND ANALYSIS PROGRAM SUMMARY 
Sample Type 

Analysis Soil Dross Drums Sediment Surface Water Total 
XRF Field Analysis 138 57 29 - - 224 

Total RCRA Metals 12 + 2 dup 11 + 1 dup 8 + 1 dup 4 4 + 2 dup 39 

TCLP RCRA Metals 12 + 2 dup 11 + 1 dup 8 + 1 dup - - 31 

PCBs 1 - - - - 1 

TPH-DRO - - 1 - - 1 
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TABLE 2.  XRF AVERAGE RESULTS: GRID & BIASED SOIL SAMPLES 
 

Sample ID Lead Cadmium Arsenic Zinc 

Tier 2 Level (Soil Pathway) 1,000 965 38 613,000 
0.5-10 34 - 14 142 
0.75-10 23 - 13 116 

1-1 47 - - 150 
1-2 68 - - 411 
1-3 45 - - 284 
1-4 78 - - 416 
1-5 228 - 26 1,827 
1-6 54 - - 206 
1-7 53 - - 118 
1-8 48 - - 200 
1-9 244 - - 3,566 

1-9.5 61 - - 319 
1-10 1,912 - 48 16,433 

1-10.2 79 - - 906 
1-10.5 52 - 14 274 
1-11 327 - - 3,213 
1-12 578 - - 9,675 
1-13 32 - - 112 
1.5-3 723 - - 9,027 
1.5-4 79 - - 638 
1.5-7 162 - -- 226 

1.75-4 668 27 29 5,689 
2-1 57 - 22 291 
2-2 44 - - 407 

2-2.5 173 - - 1,927 
2-3 489  40 4,364 

2-3.5 414 23 32 4,489 
2-4 2,044 46 105 11,100 

2-4.5 690 31 - 7,413 
2-5 83 - - 518 
2-6 128 - 21 1,200 

2-6.5 902 - - 6,135 
2-7 509 - 48 7,395 

2-7.5 151 28 - 1,280 
2-8 286 - 26 3,802 
2-9 695 - 38 5,394 

2-9.5 717 - 37 6,083 
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TABLE 2.  XRF AVERAGE RESULTS: GRID & BIASED SOIL SAMPLES (CONTINUED) 

Sample ID Lead Cadmium Arsenic Zinc 

Tier 2 Level (Soil Pathway) 1,000 965 38 613,000 
2-9.75 1,085 - 55 9,609 
2-10 1,259 - 100 12167 

2-10.2 842 - 36 32681 
2-10.5 789 - - 5111 
2-11 185 - 31 1,462 
2-12 279 - - 686 
2-13 33 - - 840 
2.5-3 259 - 23 3,045 
2.5-5 48 - - 860 
2.5-6 120 - - 1,416 

2.5-6.5 439 - - 4,674 
2.5-7 456 - - 5,200 
3-1 133 - - 1,184 
3-2 261 - 30 3,847 
3-3 304 - 23 4,268 

3-3.12 420 - - 5,974 
3-3.5 493 33 - 10,433 

3-3.75 401 - 37 4,115 
3-4 10,610 47 785 15,333 
3-5 2,060 38 163 9,367 
3-6 854 33 67 14,533 

3-6.5 691 - 43 7,890 
3-7 753 - - 5,419 
3-8 385 - - 5,292 
3-9 397 - 31 6,552 

3-9.5 279 - 26 2,466 
3-9.75 272 - - 2,310 
3-10 3,404 - - 10,567 

3-10.2 464 - 41 8,463 
3-10.5 794 25 - 3,646 
3-11 80 - - 458 
3-12 30 - - 265 

3.25-10 491 - 31 2,851 
3.5-2 164 - 22 964 
3.5-4 317 - 23 4,653 
3.5-5 619 - - 5,840 
3.5-6 279 - - 6,845 

3.5-10 259 - - 1,653 



Removal Site Evaluation Report – Wade’s Aluminum  2011 

 

 

 45

TABLE 2.  XRF AVERAGE RESULTS: GRID & BIASED SOIL SAMPLES (CONTINUED) 

Sample ID Lead Cadmium Arsenic Zinc 

Tier 2 Level (Soil Pathway) 1,000 965 38 613,000 
4-1 103 - 18 656 

4-1.5 250 - - 3,277 
4-2 861 - 56 7,248 

4-2.5 265 - 32 3,653 
4-3 627 - 38 9,785 

4-3.5 264 - - 4,192 
4-4 463 - 44 5,419 

4-4.5 365 - 33 3,479 
4-5 446 - - 6,654 
4-6 372 29 38 4,509 
4-7 104 - - 1,312 
4-8 229 - 34 1,774 
4-9 76 - - 504 

4-10 130 - - 643 
4-11 238 - 27 2,281 
4.5-2 103 - - 918 
4.5-3 310 - - 177,778 
4.5-4 277 23 22 4,244 
5-1 45 - 13 217 
5-2 257 - - 3,007 

5-2.5 382 - 29 3,812 
5-3 699 37 39 7,371 

5-3.5 565 - - 5,258 
5-4 2,991 - 137 17,833 

5-4.5 380 - 26 4,651 
5-5 154 80 21 6,196 
5-6 786 - 62 6,350 
5-8 18 - - 99 

5-10 167 - - 1,270 
5-11 34 - 13 280 
6-1 36 - - 181 
6-2 366 - 24 4,127 

6-2.5 437 - 38 4,200 
6-3 934 - 71 5,729 

6-3.5 445 - - 4,067 
6-4 429 - - 5,534 
6-6 424 - 33 5,453 

6-6.5 153 - - 1,660 
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TABLE 2.  XRF AVERAGE RESULTS: GRID & BIASED SOIL SAMPLES (CONTINUED) 

Sample ID Lead Cadmium Arsenic Zinc 

Tier 2 Level (Soil Pathway)  1,000  965  38  613,000  
6-7 261 - 38 2,690 
6-8 21 - - 162 
6-9 366 - - 1,276 

6-10 408 - - 2,365 
6-11 45 32 - 642 
6.5-3 443 - 25 4,846 
6.5-6 361 - - 4,511 
6.5-7 2,312 - 109 2,615 
7-1 54 - - 337 
7-2 32 - - 284 
7-3 384 - - 3,583 
7-4 344 - 29 4,772 
7-5 432 - - 6,491 

7-5.5 301 - - 2,614 
7-6 710 - 53 11,136 

7-6.5 483 23 - 5,644 
7-7 282 - - 2,899 
7-8 139 - - 4,268 
7-9 54 - - 742 

7.5-6 157 - - 2,126 
8-1 64 - 18 277 
8-2 76 - 21 821 
8-3 52 - - 325 
8-4 42 - 13 239 
8-5 61 - 14 588 

All concentrations reported in milligrams per kilogram (mg/kg) 

Red Text indicates the result exceeds the applicable Tier 2 Level 

 -  indicates that no average calculated due to concentrations below XRF detection level  
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TABLE 3.  LABORATORY ANALYSIS SUMMARY: SOIL 

Sample ID Arsenic Cadmium Lead Zinc Chromium 

Tier 2 Level (Soil Pathway) 38 965 1,000 213,000 3,060,0001 
1-12-1 19 29 530 10,000 230 
1-5-1 7.6 2.4 230 1,800 96 

6-2.5-1 11 2.4 430 3,600 590 
6-3.5-1 11 9.1 650 5,500 390 
4-11-1 8.9 3.5 230 1,400 81 
2-6.5-1 12 3.4 1,100 8,300 450 
5-6-1 13 5.4 640 4,900 180 
3-7-1 13 3.6 630 3,500 370 
2-4-1 16 38 1,400 6,300 190 

2-10.25-1 11 6.5 1,600 7,000 380 
2-9.75-1 14 6.3 1,400 10,000 420 

2-9.75-1 DUP 14 7.3 1,300 9,400 430 
6-3-1 12 3.8 990 5,300 550 

6-3-1 DUP 13 4.1 990 5,300 530 

All concentrations reported in milligrams per kilogram (mg/kg) 
1 The specified concentration for chromium is the site-specific Tier 3 Level  

Red Text indicates the result exceeds the applicable Tier 2 or Tier 3 Level 

 



Removal Site Evaluation Report – Wade’s Aluminum  2011 

 

 

 48

 
TABLE 4.  LABORATORY ANALYSIS:  BACKGROUND SAMPLES 

Sample ID Arsenic Cadmium Lead Zinc Chromium 

Tier 2 Level (Soil Pathway) 38 965 1000 213,000  3,060,0001 
S-21 11 1.6 44 170 50 
S-22 11 1 35 100 52 
S-23 15 4.4 65 920 61 
S-24 5 1.1 15 160 34 
S-25 ND 2.2 13 340 15 

All concentrations reported in milligrams per kilogram (mg/kg) 
ND The analyte was not detected at a level greater than or equal to the laboratory reporting limit 
1 The specified concentration for chromium is the site-specific Tier 3 Level  
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TABLE 5.  XRF AVERAGE RESULTS:  DROSS 

Sample ID Sample 
Depth Lead Cadmium Arsenic Zinc 

white-waste 0’-0.5’ 73 - - 345 
W-0 0’-.5’ 1,141 - - 5329 
W-00 0’-0.5’ 13,633 - 807 52,500 

W-000 0’-0.5’ - - - - 
W-1 0’-0.5’ 1,824 - - 397 
W-2 0’-0.5’ 200 - - 329 

WP-1 0’-0.5’ 421 25 - 12,200 
WP-2 0’-0.5’ 298 - - 7,346 
WP-3 0’-0.5’ 390 - - 6,715 
WP-4 0’-.5’ 511 25 - 5,525 
WP-4 .3’-.5’ 109 - - 1,182 
WP-4 .5’-1’ 21 - - 152 
WP-4 1’-2’ 16 - 13 503 
WP-4 2’-3.5’ 232 - - 4,488 
WP-4 3.5’-4’ 19 - - 355 
WP-5 0’-0.5’ 367 - - 5,863 
WP-6 2.5’-3’ 428 - 31 9,495 
WP-6 3’-3.5’ 21 30 - 578 
WP-6 3.5’-4’ 11 - - 142 
WP-6 0’-0.5’ 113 - - 1,747 
WP-7 0’-.5’ 16,267 - - 100,000 
WP-7 2’-2.5’ 45 - 16 71 
WP-7 2.5’-3.5’ 104 - 26 1,285 
WP-7 3.5’-4’ 79 25 20 681 
WP-8 0’-0.5’ 422 - - 3,042 
WP-9 0’-0.5’ 450 - - 5,140 
WP-10 0’-0.5’ 459 - 30 4,734 
WP-11 0’-0.5’ 354 - - 2,967 
WP-12 0’-0.5’ 972 - - 7,693 
WP-12 2 123 - 28 879 
WP-12 3 78 - 34 217 
WP-12 4 47 - 14 145 
WP-13 0’-0.5’ 291 - - 4,355 
WP-14 0’-0.5’ 463 - 27 4,546 
WP-15 0’-0.5’ 541 - - 4,870 
WP-16 0’-0.5’ 452 - - 3,330 
WP-17 0’-0.5’ 2,065 -  60 7,235 
WP-17 2 76 - - 801 
WP-17 3 32 - - 302 
WP-17 4 16 - 14 107 
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TABLE 5.  XRF AVERAGE RESULTS:  DROSS (CONTINUED) 

Sample ID Sample 
Depth Lead Cadmium Arsenic Zinc 

WP-18 0’-0.5’ 29 - - 453 
WP-19 0’-0.5’ - - - 102 
WP-20 0’-0.5’ 1,482 - 56 8,241 
WP-21 0’-0.5’ 1,539 - 78 7,434 
WP-22 0’-0.5’ 470 - 31 7,243 
WP-23 0’-0.5’ 713 - - 8,836 
WP-24 0’-0.5’ 56 - - 572 
WP-25 0’-0.5’ 767 - - 7,088 
WP-26 0’-0.5’ 555 - 38 7,910 
WP-27 0’-0.5’ 1,364 47 - 12,733 
WP-28 0’-0.5’ 723 - - 10,007 
WP-29 0’-0.5’ 1,943 - 73 12,867 
WP-301 0’-0.5’ 983 - - 12,667 
WP-31 0’-0.5’ 318 - 28 9,050 
WP-32 0’-4’ 222 - 28 7,695 
WP-32 4’-8’ 208 - 23 4,266 
WP-32 10’-12’ 29 - -   197 

 All concentrations reported in milligrams per kilogram (mg/kg) 

- indicates that no average calculated due to concentrations below XRF detection level 
1 WP-30 is located within Waste Area 2  
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TABLE 6.  XRF AVERAGE RESULTS: DRUMS 
Sample ID Lead Cadmium Arsenic Zinc 

Drum GRP  A 114  - - 1,773 
Drum GRP B 76 - - 542 
Drum GRP C 82 - - 576 
Drum GRP D 74 - - 361 
Drum GRP E 169 - - 8,111 
Drum GRP F 200 - - 8,979 
Drum GRP G 128 - - 4,758 
Drum GRP H 104 38 - 2,055 
Drum GRP I 147 - - 6,424 
Drum GRP J 53 25  415 
Drum GRP K 59 24 14 476 
Drum GRP L 62 - - 426 
Drum GRP M 49 - - 403 
Drum GRP N 80 - - 463 
Drum GRP O 24 - - 323 
Drum GRP P 27 - - 192 
Drum GRP Q 13 - - 111 
Drum GRP R 430 - - 4,572 
Drum GRP S 463 - - 4,456 
Drum GRP T 540 - - 4,522 
Drum GRP U 480 - - 4,884 
Drum GRP V 35 - - 269 
Drum GRP W 30 - - 246 
Drum GRP X 4,539 - 697 23,367 

Drum GRP X© 28 - - 27,033 
Drum Y 16,333 77 536 100,000 

Drum GRP Z 5,649 - 449 100,000 
Drum AA 430 - - 16,933 

Drum GRP CC 626 - - 3,767 

All concentrations reported in milligrams per kilogram (mg/kg) 

- indicates that no average calculated due to concentrations below XRF detection level  
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TABLE 7.  LABORATORY ANALYSIS SUMMARY: DROSS AND DRUM SAMPLES 

Sample ID Arsenic Cadmium Lead Zinc Chromium 

W-0 ND ND ND 110 21 
W-00 7.2 2.6 20,000 27,000 150 

W-1 BLDG 2 5.1 ND 22 230 56 
WP-1 (0’-0.5’) 12 16 520 12,000 280 
WP-6 (3’-3.5’) 7.6 11 17 610 28 
WP-7 (0’-2’) 6.5 1 32,000 130,000 69 

WP-12 (0’-0.5’) 14 9.2 1,700 8,200 470 
WP-12 DUP 14 9.1 1,300 7,900 460 

WP-14 (0’-0.5) 12 6.5 580 6,000 290 
WP-17 12 6.8 2,600 9,000 420 

WP-20 (0’-0.5) 12 4.6 1,200 6,400 460 
WP-32 (4’-8’) 14  1.6 300 4,400 530 
DRUM GRP F 10 2.4 250 5,200 730 
DRUM GRP N 13 2.9 81 470 120 
DRUM GRP R 12 3.5 710 5,100 520 

DRUM GRP R DUP 14 3.2 440 5,800 520 
DRUM GRP T 15 2.4 740 4,400 310 
DRUM GRP U 14 1.6 620 5,900 560 
DRUM GRP X 11 ND 4,000 20,000 360 

DRUM Y 10 21 38,000 180,000 13 
DRUM GRP Z 9.1 ND 4,600 69,000 60 

All concentrations reported in milligrams per kilogram (mg/kg) 
ND The analyte was not detected at a level greater than or equal to the laboratory reporting limit 
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TABLE 8.  TCLP ANALYSES 

Sample ID Arsenic Cadmium Chromium Lead 

TCLP Threshold 5.0 1.0 5.0 5.0 
1-12-1 ND 0.016 ND ND 

W-1 BLDG 2 ND 0.0072 ND ND 
DRUM GRP U ND ND ND ND 

1-5-1 ND ND ND ND 
WP 17 ND 0.033 ND 3.5 
6-2.5-1 ND 0.016 ND 0.071 
6-3.5-1 ND 0.0073 ND ND 
4-11-1 ND 0.0093 ND ND 

DRUM GRP Z ND ND 0.016 28 
DRUM GRP X ND ND 0.046 19 

DRUM Y ND 0.78 ND 63 
2-6.5-1 ND ND ND 0.13 
5-6-1 ND 0.036 ND 0.53 

DRUM GRP T ND ND ND ND 
WP-6 (3’-3.5’) ND ND 0.077 ND 

3-7-1 ND ND ND ND 
2-4-1 ND 0.033 ND ND 

WP 20 ND 0.025 ND 1.6 
WP 32 4-8 ND 0.014 0.014 ND 

W-0 ND 0.013 ND ND 
2-10.25-1 ND 0.01 ND 0.23 

W-00 ND 0.0061 0.13 110 
WP-1 ND 0.023 ND ND 
WP-7 ND ND ND 160 
WP-14 ND 0.019 ND 0.27 

DRUM GRP N ND 0.0084 ND ND 
DRUM GRP F ND 0.021 0.025 0.58 

2-9.75-1 ND 0.027 0.012 1.7 
2-9.75-1 DUP ND 0.026 0.011 1.6 

6-3-1 ND 0.019 ND 0.43 
6-3-1 DUP ND 0.015 ND 0.39 

DRUM GRP R ND ND ND ND 
DRUM GRP R DUP ND ND ND ND 

WP-12 ND 0.052 ND 2.5 
WP-12 DUP ND 0.058 ND 4.8 

All concentrations reported in milligrams per liter (mg/L) 

Red Text indicates the result exceeds the TCLP thresholds specified in 40 CFR 261.24 
ND The analyte was not detected at a level greater than or equal to the laboratory reporting limit 
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TABLE 9.  SEDIMENT LABORATORY ANALYSIS  

Sample ID Relative 
Location Arsenic Cadmium Lead Zinc Chromium 

Threshold Effects Concentration 9.79 0.99 35.8 121 43.4 
SD-1 upstream 42 4.2 210 180 26 
SD-2 downstream 30 1.9 180 350 41 
SD-3 downstream 10 4.6 35 1,000 30 
SD-4 upstream 9.8 ND 26 160 20 

All concentrations reported in milligrams per kilogram (mg/kg) 

Red Text indicates the result exceeds the applicable Threshold Effects Concentration  
ND The analyte was not detected at a level greater than or equal to the laboratory reporting limit 

 
 
TABLE 10.  SURFACE WATER LABORATORY ANALYSIS (MAY 2011) 

Sample Relative 
Location Arsenic Cadmium Chromium Copper Lead Zinc 

ALS  (acute/chronic) 340/150 20/3 a/40 111/61 1339/52 771/771 
SW-1 upstream ND ND  ND 77 ND 19 
SW-2 downstream ND ND ND 52 ND 16 

ALS (acute/chronic) 340/150 15/2.4 a/40 83/47 902/35 593/593 
SW-3 downstream ND ND ND ND ND ND 
SW-4 upstream ND ND ND ND ND 83 

All concentrations reported in micrograms per liter (µg/L) 

Red Text indicates the result exceeds the applicable Aquatic Life Standard 

a criterion not available 

ND The analyte was not detected at a level greater than or equal to the laboratory reporting limit 
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TABLE 11.   DUPLICATE ANALYSIS RELATIVE PERCENT DIFFERENCES 
 

Sample ID 
(sample/duplicate) Analyte Primary Duplicate RPD (%) 

Arsenic 14 14 0.0 
Cadmium 9.2 9.1 1.1 
Chromium 470 460 2.2 

Lead 1,700 1,300 26.7 
WP-12/WP-50 

Zinc 8,200 7,900 3.7 
Arsenic 12 13 8.0 

Cadmium 3.8 4.1 7.6 
Chromium 550 530 3.7 

Lead 990 990 0.0 
6-3-1/16-3-1 

Zinc 5,300 5,300 0.0 
Arsenic 12 14 15.4 

Cadmium 3.5 3.2 9.0 
Chromium 520 520 0.0 

Lead 710 440 47.0 
Drum R/Drum Z 

Zinc 5,100 5,800 12.8 
Arsenic 14 14 0.0 

Cadmium 6.3 7.3 14.7 
Chromium 420 430 2.4 

Lead 1,400 1,300 7.4 
2-9.75-1/22-9.75-1 

Zinc 10,000 9,400 6.2 

 All concentrations reported in milligrams per kilogram (mg/kg) 
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TOXIC SUBSTANCES FACTS SHEETS 
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