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Kansas, P.E. No. 10479, and designated Professional Engineer to direct the technical work in 
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this Remedial Action Design Report (RAD) and its attachments have been prepared under my 

direction or supervision in accordance with a system designed to assure that qualified personnel 

properly gather and evaluate the information submitted. In preparing this document and its 

attachments, conducting all of the required field work, gathering the required information and 

data to the best of my ability, I relied on and complied with the conditions and guidelines 

provided in Consent Order Case No. 03-E-0022 and its attachments, my continuous 

consultation with Kansas Department of Health and Environment (KDHE) officials and 

Respondents' (U.S. Steel Corporation and Salomon Smith Barney Holdings, Inc.) 

representatives, interpretation of all of the applicable Federal and State of Kansas regulations 

and the acceptable engineering practices. I am aware that there are significant penalties in 

purposely submitting false information. 

President 
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1.0 Introduction: 

This Removal Action Design (RAD) Report presents the results of studies performed by 

the Kansas Department of Health and Environment (KDHE), and by U.S. Steel 

Corporation and Salomon Smith Barney Holdings Inc. (the Respondents), for the former 

National Zinc Site (the Site) at Cherryvale, Montgomery County; Kansas. The studies 

conducted by the Respondents were performed in 2003 and 2004 pursuant to KDHE 

Consent Order No. 03-E-0022 (the Consent Order). 

This Report is intended to comply with the National Oil and Hazardous Substances 

Contingency Plan [NCPL 300.415 (B-1)], and the requirements of the Consent Order, a 

copy of which is attached hereto as Appendix A. 

The objective of this Report is to present removal alternatives, .including a preferred 

alternative, which when implemented, will abate, prevent, minimize or eliminate the 

release or threatened release of contaminant(s) from the Site. The Site is owned by the 

/ \
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City of Cherryvale, and most ofthe Site is currently subject to restrictive covenants 
/ 
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imposed in 1983. By eliminating these restrictive covenants to the extent economically 

possible, substantial portions of the Site can be returned to productive use and made 

available for industrial and economic development by the City, thereby benefiting the 

citizens of the Cherryvale area. 

The studies conducted by KDHE investigated both the Site as well as residential areas 

located south of the Site. A removal action was conducted by EPA on the residential 

areas in late 2001 and early 2002, resulting in the excavation of contaminated soils from · 

residential yards, backfilling the excavated areas with clean soil, and movement of the 

excavated soils to an area on the Site hereinafter referred to as the EPA Repository. The 

EPA Repository is shown on Figure 4. Since the off-site residential removal action has 

been completed, the data developed by KDHE in its studies dealing with these off site 

residential areas will not be referenced in this Report. 
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The removal alternatives developed in this Report, including the preferred alternative, are 

set forth in detail in Section 6 below. The following is a summary of the principal 

components of the preferred alternative: 

• Soils from those areas on the Site (outside the EPA Repository and outside the 

active rail line corridor) containing contaminants of concern in concentrations 

above the Kansas non-residential risk (NRRSK) levels (Lead ·1 000 mg/kg; 

Cadmium l 000 mg/kg; Arsenic 38 mg/kg) should be removed to a ma'(imum 

depth of 18 inches, and the excavated soils should be consolidated on the 

former lagoon area on the west side of the Site. 

• Areas where soils are removed should be covered with a minimum of six 

inches of topsoil and graded for proper surface drainage. 

• Areas which continue to target above the Kansas NRRSK levels after 

removal to a depth of 18 inches should either be removed in additional six 

inch lifts to a depth at which the Kansas NRRSK levels are no longer 

exceeded, or should be covered with a cap consisting of 18 inches of clay 

plus six inches of top soil and continue to be subject to restrictive 

covenants as to future use. 

• Soils placed in the EPA Repository should be left undisturbed, except for one 

small area around sampling point # 18 where the soils exceed the Kansas 

NRRSK levels. The soils in that area which exceed the NRRSK levels should 

be excavated and consolidated onto the former lagoon area. The remaining 

soil material in the EPA Repository should be compacted from the surface and 

left in place. 

• In view of the depth of the EPA Repository material, any soils beneath the 

soils placed in the EPA Repository which contain contaminants of concern 

in concentrations exceeding the Kansas NRRSK levels should be left 

undisturbed. 

2 
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:• The on.,site disposal faCility which will be located on top of the· fomr~r lagoon 

area '-Vill. receive excavat~d soils and .·sediments and after proper' grading: will 

be capped with 18 inches of compa,cted clay followed. with 6 inches of topsoil 

and proper seeding: The engiileeri":g design of the on-site disposal faci_lity, 

including the specification$ and Quality Assurance/Quality Control (QAiQC) 

plans, will be complete<:l and presented in the Remedial Action (RA) Work 

Plan. 

• The !devation of that ·portion of the former lagoon area which will receive 

excayated soils and sediments and. be covered by at118~irtch chiy liner:and, 6 

inches· of topsoil should be raised to prevent groundwater and surfac·e water 

interaction. The entire surface of the former lagoon area should be raised a 

minimum of at least three feet in order to pr~vent interfacing between the. 

groundwater and swf(!ce water. 

•. The existing cap on .the ·former lagoon area .should be repaired as .needed, and 

the entire areatecontotlr~d to provide proper drainage. 

• No .action should betaken regarding down gradient groundwater,. inasm_uch as 

the gtoU.rtdwater is not .impacted by\ contaminants ofconcern. 

• The visible sediments in the pathway of Unnamed Cre'ek between the· west 

boundary ofthe Site and Drum Creek should be removed aild co11_solidated' 

·onto the former lagoon area as .outlined.in Section 3.4c2·ofthis RAD. 

• No. action .should be taken regarding any sediments in Drum Creek in view of 

:the fact that the water quality in Drum Creek is not impacted· by contaminants 

.of concern, and sediment removal would be more harmftillhan· leaving the 

sediments, inr place: 

.. 

.J 
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2.1 

• All permits required for implementation of the RA Work Plan, including the 

Army Corps of Engineers Section 404 Permit for removal of sediment from 

the Unnamed Creek, will be obtained prior to the start of construction. 

Site Evaluation and Description of Operational Historv: 

Site Location: 

The Site is located at the northwestern city limits of Cherryvale, Montgomery County, 

Kansas, and is located along U.S. Highway 169. Cherryvale is a rural community with 

some light industry. The population of Cherryvale as of the 1990 census was 2,464 

persons. The geographic coordinates of the site are 37°16'45.0" North latitude and 

'95°33'41" West longitude. The Site is located in Section 8 in Township 32 South, Range 

17 East. Site location is shown on Figure 1 (Location Map). 

2.2 Site Operational History: 

KDHE completed an Expanded Site Evaluation (ESI) at the Site in 2001. According to 

the ESI Report, the Site consists of approximately 360 acres including the former 

National Zinc facility on the northern edge of Cherryvale, Kansas. Historical review 

from Sanborn Fire Insurance maps and historical archive information available during the 

Brownfields Targeted Assessment (BT A) conducted by KDHE in 1999 indicates that the 

Edgar Zinc Company began construction of a primary Lead and Zinc smelter at the Site 

in 1898. The facility initially was constructed with 1,800 retorts and 3 furnace buildings. 

By 1908 the smelter facility had 4,800 retorts and 24 furnaces. The 1928 Sanborn Map 

(the most recent available) also indicates the facility had four (4) ore roasters and 24 

furnaces in operation, consistent with the 1908 configuration. 

The Sanborn Maps indicate the facility operated "day and night". This facility was 

recognized as the largest Zinc smelter in the world until World War I. Nearly 500 

employees worked at this facility at its peak, and the population of Cherryvale was nearly 

4 
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8.000 during the early 1900s at the peak of the Edgar Zinc facility production. The Edgar 

Zinc facility was by far the largest employer and industrial facility in Cherryvale during 

its operational life. The location of the Frisco Railroad line at the eastern edge of the 

Site. in addition to plentiful shallow natural gas from oil and gas production in the local 

area, provided the necessary transportation and energy resources for the Edgar Zinc 

facility. The facility operated as the Edgar Zinc Company until sometime after 1928, 

when it was reorganized as the National Zinc Company. Production appears to have 

declined through the 1930s when most active operations ceased. 

Sludges and liquid wastes contaminated with heavy metals were contained in large 

settling lagoons on the far west side of the Site covering approximately 23 acres. The 

lagoons were used to contain runoff from an estimated 2,000 tons of slag and roasted ore. 

The National Zinc smelter facility permanently ceased operations on December 24, 1976. 

As detailed in Section 2.9 below, limited response actions were conducted at the Site in 

the late 1970's. These included removal of ore and sludge from the Site, consolidation of 

additional sludge into the former lagoons, and capping the former lagoons. Presently, the 

Site contains the encapsulated former lagoon area, several abandoned buildings and 

building foundations, and the remains of the smelter operations. Figure 2 shows the Base 

Map of the Site. 

2.3 Geology: 

The Site is located in a broad, low-relief upland of the Osage Questas physiographic area 

of southeast Kansas. Bedrock of Pennsylvanian age is present at the base of the soil 

profile. During the installation of temporary monitoring wells (TW) at the Site as part of 

the BTA conducted by KDHE at the Site in 1999, bedrock was typically encountered 

between 14 feet (TW-1) and 3.5 feet (TW-8). 

The bedrock units underlying the Site are sandstone and limestone of the Cherryvale 

Shale and Dennis Limestone Formations of the Kansas City Group. A yellowish to 

reddish-brown sandstone was typically encountered as the bedrock layer upon auger 
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refusal. Ground water occurrence within the Cherryvale Shale and Dennis Limestone 

Formations of the Kansas City Group is typically localized with very low (less than 3 

gallons per minute) yields of generally poor quality. These bedrock units typically yield 

little to no water except in the shallow weathered zone near the upper bedrock surface. 

Oil field intrusion of brines in the Site area from oil production dating back to the early 

1900s has impacted shallow ground water quality regionally in this portion of southeast 

Kansas. 

Ground water occurrence in the Site area is primarily restricted to unconsolidated alluvial 

deposits of the Verdigris River and Cherry Creek. The City of Cherryvale receives water 

from a surface intake on Big Hill Lake located approximately five (5) miles east of 

Cherryvale. Significant karst terrain does not exist in the Site area, given the sequential 

shale-sandstone-limestone stratigraphy of the bedrock units. The City of Cherryvale and 

Montgomery County Rural Water District# 12 supply water to private residences 

surrounding the Site. 

2.4 Climate: 

The climate of Montgomery County is characterized as a continental climate that is 

typically warm to hot in the summers and cold in the winters with the majority of 

precipitation events occurring in the spring and early summer. The average annual 

precipitation in Montgomery County is 36.95 inches per year. The average winter 

temperature is 36.8° Fahrenheit (F) and the average summer temperature is 78.4° F. 

Prevailing surface winds in Montgomery County are southerly with an average annual 

speed of 11 miles per hour. The maximum 24-hour precipitation event recorded for 

Montgomery County is 6.38 inches. 

2.5 Soils: 

The undisturbed areas of the Site are typically underlain by Kenoma series soils which 

are generally deep, moderately well drained, very slowly permeable soils on uplands, of 0 
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to 2 percent slopes. The surface layer (A horizon) typically consists of a dark grayish 

brown silt loam about 6-12 inches thick. The upper portion of the subsoil layer (8 

horizon) is typically 9 inches thick and consists of very dark grayish brown to grayish 

brown silty clay. The lower portion of the subsoil layer is typically 40 inches thick and 

consists of dark yellowish brown to dark brown to reddish brown silty clay. 

Typical depth of Kenoma soils averages 60 inches or greater. The southern edge of the 

Site is also within the Dennis series, but the native soil profile for this series is very 

similar to the Kenoma series. No C horizon is recognized because of the generally deep 

(60 inches) thickness of these soil types. 

The unified soil classification of the A horizon is CL to CL-ML to ML (.18-29% clay) 

with a plasticity index range of3-l8 and a liquid limit range of24-40. The unified soil 

classification of the 8 horizon is CH ( 40-60% clay) with a plasticity index range of 30.:.48 

and a liquid limit range of 50-75. Available water content is high (0.10-0.24). Surface 

runoff is slow and shrink-swell potential is high. Penneability generally ranges from 0.2 

to 0.6 inches/hour. 

2.6 Surface Hydrology: 

The Site is bounded by Martin Street on the south, County Road 5200 on the north, 

County Road 5400 on the east, and Unnamed Creek to the west. The South Kansas and 

Oklahoma Railroad transects the Site from the southeast to the northwest and a gas 

pipeline (Williams Pipeline Company) runs parallel to the railroad. Unnamed Creek 

starts in the middle portion of the Site and runs northwestward to the west edge of the 

Site and turns southward toward the southeast comer of the Site. Unnamed Creek then 

turns west and joins Drum Creek. Another stream runs east to west along the southern 

edge of the Site and joins Unnamed Creek at the western property line. These streams 

are intennittent seasonal type streams. The area to the east of the railroad line drains to 

the south/southeast while the area west of the railroad line drains to the south/southwest 

into Unnamed Creek, which drains to Drum Creek approximately three-quarters of a mile 

to the southwest. 
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2.7 Groundwater Hydrology: 

(- In 1978 there were tive monitoring wells completed on the Site. These wells were 

sampled during the BT A and tested high for Cadmium. The BT A Report concluded that 

the groundwater was not migrating off site, but expressed concern about the groundwater 

and surface water interface at the west edge of the former lagoon area. The report also 

recommended further investigations of off site areas for soil, surface water and 

groundwater. Pursuant to the Consent Order, four additional monitoring wells were 

drilled for groundwater sampling and assessment. The complete Hydrogeological 

Im·estigation Report prepared as required by the Consent Order is included herein as 

Appendix B. It concluded the following: 

• The uppermost groundwater aquifer at the Site is the unconsolidated sediment I 

fractured limestone and shale of the Dennis formation at a depth of 5 to 20 feet. 

• The Site groundwater flows from east to west. 

• The groundwater fluctuates as much as 6-7 feet at the site. 

• Groundwater quality is impacted inside the lagoon area, but the metal impact is 

not detected downgradient of the Site. 

• Groundwater quality and yield is limited in this entire area and there is no water 

supply source impacted by the Site's past or present activities. 

2.8 Land Use: 

The Site consists of approximately 360 acres. The northeast quarter of the Site has not 

been impacted by previous industrial activities. The Site adjoins the northeast part of the 

City of Cherryvale. It is owned by the City, and has been zoned an industrial area. It 

should remain zoned industrial. The City's goal is to have the restrictive covenants 
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imposed on the Site in 1983 removed insofar as possible to enable redevelopment and 

use of a major part of the Site. 

2.9 Endangered Species Review for Montgomerv County, Kansas 

The Endangered and Threatened Species for Montgomery County, Kansas are the Bald 

Eagle, American Burying Beetle and the Neosho Mucket. 

Bald Eagle (Haliaeetus levcocephalus) 

The Bald Eagle, which was adopted as our national symbol in 1782, was listed as 

endangered in 1973, but with Federal protection and some pesticide bans has made a 

remarkable recovery and is now listed as Threatened in Kansas. Approximately 700 to 

800 Bald Eagles visit the State of Kansas each year. Most are temporary migrants, but in 

1989 Clinton Reservoir in Kansas became the host to the first ever known nesting event 

to occur in Kansas. The eagles typically arrive in October and start migrating back in 

February. The eagles generally inhabit areas around large lakes and rivers. The primary 

threat to Bald Eagles in Kansas is the loss of important riparian habitat and intentional 

shooting. The proposed removal activities at the Site and Unnamed Creek should not 

pose a threat or be of any risk to the Bald Eagle. 

American Burying Beetle (Nicrophorus americanus) 

The American Burying Beetle is the largest carrion beetle in North America. It was once 

fairly numerous and widespread, but has diminished. The American Burying Beetle 

(ABB) was listed as endangered in 1989 and was known to exist in only 6 states. Kansas 

is one of the six with confirmed sightings in Montgomery County. The ABB is a 

nocturnal insect which becomes active once the nighttime temperatures reach above 60 

degrees. They feed and lay their eggs on carrion located by special sensors on their 

antennae. Once carrion is located, the ABB will bury the carcass, remove all hair and fur, 

spin the carcass into a ball and lay their eggs on the carcass. The ABB give their young 

parental care during the larval stage which is an unusual insect trait. After consumption 

of the carcass, the young "ill bore into the ground, pupate.and emerge as adults. The 
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adults typically only live one season. The ABB's specific habitat requirements are not 

well documented; however. their decline is believed to be attributed to habitat 

fragmentation and urbanization that has squeezed other food competitors into a smaller 

area. The construction activities associated with the proposed action at the site might 

disturb some areas where the beetle could exist. A site survey will be conducted, if 

required, for the American Burying Beetle and, if found on the site, a relocation program 

based on the methodology outlined in Creighton, et al, "Survey Methods for the 

American Burying Beetle in Oklahoma and Arkansas", Oklahoma Geological Survey, 

Nonnan, Oklahoma. ( 1993 ). will be developed and implemented, during the construction. 

Neosho Mucket (Lampsilis rafinesqueana) 

The Neosho Mucket is a fresh water mussel that is a proposed species for listing. It is 

endemic to the Neosho and Verdigris basins of the Arkansas River System in Kansas, 

Oklahoma, Missouri and Arkansas. In the Verdigris basin, the species survives in the 

Verdigris and Falls Rivers. Drum Creek is a tributary of the Verdigris River. The 

Neosho Mucket has a very long life span, expanding to as much as l 00 years. The major 

threats to the Mucket are impoundments and agriculture. Impoundments have inundated 

habitats, altered the hydrology and created barriers. Agriculture has increased siltation 

and pollution. Other threats to the Mucket are urbanization and heavy metal pollution. 

Unnamed Creek is a tributary of Drum Creek and drains the area from the fonner 

National Zinc site, which empties into the Verdigris River downstream. The Neosho 

Mucket is documented to be sensitive to heavy metal contamination, partly due to their 

long life span. Drum Creek discharges into the Verdigris River several miles downstream 

from the site. The proposed action at the Site and Unnamed Creek will only help the 

outlook of the Neosho Mucket. 

2.10 Site Evaluation 

Incidents of surface water contamination were reported to KDHE by adjacent property 

owners in the 1950's. In April, 1976, the Site was investigated by KDHE following 

complaints from farmers regarding visual observations of contamination in Drum Creek 
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and concern over the possibility of a tish kill or cattle illness from surface water 

consumption. KDHE personnel also inspected the Site on September 27, 1977 for 

possible surface water or groundwater pollution associated with facility runoff and seeps. 

At the request of KDHE, limited response actions were initiated at the Site by National 

Zinc Company in October 1977. Additionally, in 1979. approximately 95 million gallons 

of tluid from the lagoon were treated and discharged by National Zinc Company into the 

adjacent Drum Creek. At the same time, ore and sludge were removed from the Site. 

Some of the remaining sludge (approximately 300 tons) was treated and encapsulated in 

the former lagoon area on-site. The lagoon was filled with dirt and topsoil, treated with 

lime, encapsulated and planted with grass. 

In 1995 KDHE conducted additional sampling at the Site. Lead was detected at a 

maximum of 176,750 mg/kg, Cadmium at a maximum of2,816 mglkg, and Arsenic at a 

maximum of240 mglkg in soils. Cadmium was detected in Site surface and groundwater 

up to 0.111 mg/1. In July 1996, sediment/sludge sampling indicated Lead up to 1, 786 

mg/kg, and Cadmium in Site surface water up to 0.347 mg/1. 

j In 1999 KDHE conducted the BT A, which included extensive sampling across the Site. 

Soils, subsurface soils, groundwater, surface water and sediment were sampled during the 

BTA. 

KDHE completed an ESI at the Site in 2001. Additional surface water sampling 

indicated off site impacts to surface water from Zinc and Cadmium. Off site impacts 

from Lead, Cadmium, Mercury, and Zinc to sediments in surface water pathways were 

also identified during the ESI. 

KDHE concluded there were documented releases from the Site of heavy metals, 

especially Lead, Cadmium, and Arsenic: to on-site soils, surface water, sediment and 

groundwater; to off site residential soils, sediments and surface water; and potentially to 

off site groundwater. These constituents are hazardous substances as defined in the 
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National Oil and Hazardous Substances Contingency Plan (NCP) and in the Kansas 

Environmental Response Act. 

KDHE's ESI and BTA reports were utilized to design the Remedial Site Evaluation 

(RSE) Work Plan attached to the Consent Order to further investigate and evaluate the 

Site and downgradient areas west of the Site. In accordance with the RSE Work Plan, 

Respondents conducted sampling of the EPA Repository area; conducted sampling of 

sediment and surface water in Unnamed and Drum Creeks; constructed a surface water 

diversion dike; drilled an additional four monitoring wells, three off site downgradient 

wells to sample off site groundwater, and one on-site well to establish groundwater 

background levels; sampled the groundwater; and developed a Hydrogeological 

Investigation Report, an Analytical Report, Surface Water, Sediment and EPA 

Repository, and a Water Quality and Sediment Sampling Report presenting the results of 

these Work Plan events. Copies of these Reports are included in this RAD Report as 

Appendices B, C and D. 

3.0 Extent of Contamination On and Off Site: 

KDHE studied the Site and reported its findings in the previously identified ESI and BT A 

Reports. These findings were utilized in developing the RSE Work Plan. The purpose of 

the RSE Work Plan was to gather additional information required for preparation of this 

RAD Report and the RA Report. The RSE Work Plan was implemented and the results 

are incorporated in this report as Appendices B, C and D. The media of concern 

associated with the Site are categorized as follow: 

1. On-site soil contamination. 

2. Sediment contamination in surface water pathways of Unnamed and Drum 

Creeks. 

3. Eroded cap and poor drainage over the former lagoon area. 

4. Potential off site groundwater contamination. 
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3.1 Contaminants of Concern: 

The contaminants of concern observed by Respondents during their implementation of 

the RSE Work Plan are described below. These are consistent with the contaminants 

identified by KDHE in its studies. 

3.1.1 On-site: 

Contaminants of concern in the EPA Repository area are Lead, Cadmium and Arsenic. 

Contaminants of concern throughout the rest of the Site (except for the nonheast area), 

are Arsenic, Cadmium and Lead found together, and Arsenic in other isolated locations. 

For clean-up level purposes, the portion of Unnamed Creek starting at the west boundary 

of the Site and following said Creek to its termination point at Drum Creek will be 

classified as off site. 

3.1.2 Off Site: 

The Respondents collected surface water and sediment samples in Unnamed and Drum 

Creeks to determine contamination levels and develop a correlation between sediment 

and surface water pathways. Based on these analyses the contaminants of concern, found 

primarily in the sediments, are Cadmium, Arsenic, Lead, and Zinc. The analyses reflect 

that the heavy metal contaminants are immobile in the sediments, and have very little 

impact on the surface waters. The sediments have varying levels of the four 

contaminants with many overlapping in the same areas. 

3.2 Previous Surveys and Their Analytical Results: 

As noted above, there were two major surveys conducted by KDHE: the BT A and the 

ESI. The BTA was completed by KDHE in February 2000 and consisted of a Site 

survey~ soil sampling; surface water and sediment sampling; groundwater and soil/waste 

13 



) 

i 
I \"--- ' 

profile sampling. Figures 3, 3-1 and 3-2 show the analytical results of the KDHE soil 

sampling for Lead, Cadmium and Arsenic, plotted on isoconcentration maps. 

The ES£ was completed in March of2001 and included a review of historical file 

information; sampling of environmental media; evaluation of the Site utilizing the Hazard 

Ranking System (HRS); detennining a site score for HRS and documentation of HRS 

factors; and collection of relevant non-sampling information. KDHE utilized the 

analytical data included in the BTA in preparing the ESI. The Site has the CERCLA 

information system (CERCUS) EY A identification number KSH9804 06698. 

K.DHE's conclusions in the BTA and ESI Reports included the following: 

• Surficial soil contamination above the NRRSK of I ,000 mg!kg for Lead was 

present on the Site. 

• Cadmium was detected in water of the Unnamed Creek above its Maximum 

Contamination Level (MCL) immediately west of the Site. 

• Heavy metals, especially Cadmium and Lead, have been documented in Site 

groundwater and are attributed to the fonner National Zinc facility. 

• Additional investigation would be required to determine the impact to off-site 

surface water and potential Receptors. 

• Additional investigations would be required to detennine off-site groundwater 

impacts. 

3.3 Sampling Activities Performed By Respondents: 
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3.3.1 On-Site Soils: 

The KDHE Site soils data were utilized to prepare the isoconcentrations maps (Figures 3. 

3-l and 3-2). Additional confinnatory sampling will be proposed as part of the RA Plan 

in order to verify the areas to be excavated. The EPA Repository was sampled using a 

geo-probe composite sampling device. The area was sampled to detennine the 

contamination levels and depths of soil brought on-site from the off site excavation. The 

Repository area was surveyed and marked in grid sections. The sampling locations and 

grid map are found on Figure 5. The cross-sectional view of the Repository Area is 

shown in Figure 6. Each sampling point marked on Figure 5 was sampled and 

com posited at each separate five-foot interval until the bottom of the Repository was 

reached. The sampling and handling procedures as outlined in the amended sampling 

plan were followed. The composite samples were split. One set was retained by the 

sampler and the other set was forwarded to the lab. The results showed that at only one 

area, sample point 18, the NRRSK of 1,000 mglkg for Lead and 38 mglkg for Arsenic 

were exceeded. All other contaminants and areas sampled were below their respective 

NRRSK. The analytical results are included in Appendix B. 

3.3.2 Off Site Sediments and Surface Waters: 

Sediment and surface water samples were collected off site on Unnamed and Drum Creek 

in compliance with the Phase II Work Plan on June 24, 25 and 26 of2003. A portion of 

the Unnamed Creek, located within the Site, was also sampled duri~g the RSE 

investigation. The purpose of this sampling event was to detennine contaminant levels, 

background levels, and to establish the sediment to surface water relationship. This 

sampling event represents the low flow conditions in Drum Creek. Unnamed Creek did 

not have any flow during this sampling, but had standing water at some locations. The 

laboratory results of the June 24, 25 and 26, 2003 sampling are included in Appendix B. 

After discussions with KDHE and at its suggestion, Respondents collected additional 

water and sediment samples from Drum Creek at two different times, January 30, 2004 
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and March 1, 2004. In both additional sampling events. samples were taken from around 

and downstream of the confluence of Drum Creek and Unnamed Creek. The January 30. 

2004 sampling event represented the high water flow conditions in Drum Creek while the;: 

March 1, 2004 sampling event represented the nonnal water flow conditions. The;: water 

and sediment sampling results for these two additional sampling events are included in 

the Water Quality and Sediment Sampling report dated April2004, which is included in 

Appendix C. Appendix C also presents a summary and comparison of analytical data 

collected during all three sampling events discussed above. 

The following presents a summary of the June 24, 25 and 26, 2003 sampling results: 

Off site, discrete composite sediment samples were taken from Unnamed and Drum 

Creek starting from a point 250 feet east of MW -4. The sampling locations are outlined 

on Figures 7 and 8. At any location where surface water was encountered on Unnamed 

Creek, discrete samples were taken for sediment and surface water. The analyzed 

parameters and laboratory results are listed on Tables 1 through 4. There were a total of 

six metals analyzed, however only four of those metals showed any levels above the 

Kansas Residential Risk Levels (RRSK) in the Unnamed and Drum Creek samples. 

These were Cadmium, Lead, Arsenic, and Zinc, which often exist in the same areas. The 

analytical results for each of these metals are shown on Figures 9A through 90, with the 

corresponding surface water results in parenthesis below. As reflected by Figure 9A, 

Cadmium was the most common metal, appearing in most of the sediment samples. This 

indicates that Cadmium was also the most mobile metal. The corresponding water 

samples had Cadmium concentrations either below detection limits or MCL, with the 

exception of a few collected in Unnamed Creek near the west boundary of the Site. 

Figure 98, which shows Lead concentrations in the sediment and surface water, presents 

the same result: Lead is retained in the sediments with very little influence on the surface 

water pathway. Figures 9C and 90 show that Zinc and Arsenic also behave the same 

way. These contaminants appear in the same places as Cadmium and Lead, with little or 

no influence on the surface water pathway. 
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The following presents a comparison of the analytical data collected during the three 

sampling events discussed above: 

Figure 11 shows the water quality sampling locations for Drum Creek and Figure 12 

shows the sediment sampling locations for Drum Creek for all three sampling events. 

The Water Quality Analytical Data for Drum Creek, which resulted from all three 

sampling events, are summarized in Table 5. The sediment analytical data for Drum 

Creek, which resulted from all three sampling events, are summarized in Table 6. 

The Respondents, addressing the issues of aquatic life criteria for Drum Creek (under the 

Kansas Surface Water Quality Standards as adopted by reference and outlined in KAR 

28-16-28), have conducted calculations using the criteria in Table 1 b of the regulations 

referenced above. These calculations are set forth in Appendix C and the results of those 

calculations are set forth in Table 7. 

The Water Quality Analytical Data gathered from all sampling events showed the 

following: 

Tables 5 and 7 compare the Drum Creek water quality data to both drinking water 

standards (MCLs) and the Kansas Surface Water Quality Standard for potential impact on 

aquatic life at low, normal and high flow levels. 

First, as to MCLs, there were only four samples which were not in compliance with 

drinking water standards. One of these was taken at sample point 6 (upstream from the 

confluence of Drum Creek and UMamed Creek, hereinafter the "Confluence"), and 

exceeded the MCL for lead during high flow conditions. This sample was clearly 

impacted by the effluent discharge from the new Cherryvale waste treatment system, and 

is therefore not relevant. The location of the City of Cherryvale effluent discharge is 

approximately 200 feet upstream from the Confluence as shown on Figures 11 and 12. 
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Of the remaining three samples which exceeded MCLs. two marginally exceeded the 

MCL for lead at sample point 8 and sample point l 0, respectively. both during high flow 

conditions~ and a third marginally exceeded the MCL for cadmium at sample point 8, also 

during high flow conditions. Sampling point 8 is at the Confluence, and sampling point 

10 is 75 feet downstream from the Confluence. All other samples downstream from 

sample point l 0 were in compliance with MCLs at all flow levels. 

With regard to the aquatic life criteria for Drum Creek (under the Kansas Surface Water 

Quality Standards as adopted by reference and outlined in KAR 28-16-28), A & M 

prepared calculations for both acute and chronic criteria using Table 1 b of the above 

referenced regulations. The results were similar to the MCL data. Only four samples 

(excluding sampling point 6) exceed either the acute or chronic criterion levels, all of 

which were taken during high flow conditions at either the Confluence or the sampling 

point 75 feet below the Confluence. 

The only samples which exceeded either MCLs or the Kansas Surface Water Quality 

Standard for potential impact on Aquatic life during any flow condition were the above 

described samples taken during high flow conditions at only two locations: the 

Confluence and 75 feet downstream from the Confluence. 

The laboratory results of the sediment samples from all sampling events showed the 

following: 

The sediment sample results are set forth in Table 6. The samples taken at the 

Confluence and in the first 300 feet below the Confluence are elevated, comparable to the 

sediment samples from Unnamed Creek. 

Among the four background sediment samples taken from Drum Creek (S-15-D8, S-14-

D7, S-14-D6 and S-1 O-D2), the highest toxic metal concentrations recorded are: Arsenic 

7.16 mg/kg; Cadmium 4.63 mg/kg; Chromium 13.90 mglkg; and Lead 24.50 mglkg. The 

sediment sample taken at the Low Water Crossing (Sample S-17 -D-1 0) showed the 
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following metal concentrations: Arsenic 18.5 mglkg~ Cadmium 14.3 mg/kg; Chromium 

11.6 mg/kg; Lead 48.2 mglkg and Zinc 517 mglkg. The additional sediment sample 

taken January 30, 2004 at 300 feet downstream of the Low Water Crossing showed the 

following concentrations: Arsenic 6.76 mg/kg~ Cadmium 2.99 mg!kg~ Chromium 14.6 

mg/kg; Lead 9.73 mglkg; and Zinc 24.9 mglkg. The comparison of the above data 

clearly indicates that the metal concentrations in the sediment samples taken from 

sediments downstream from the Confluence area are similar to background 

concentrations. The new sample taken 300 feet downstream from the Low Water 

Crossing shows a very noticeable reduction in the metal concentrations in the sediments. 

3.3.3 Off Site Groundwater: 

The Respondents drilled four additional monitoring wells to determine if the 

contaminated groundwater documented by KDHE on the Site had migrated off site. 

Three downgradient wells were installed and one upgradient background well. The wells 

were developed and sampled for three months. The Hydrogeological Investigation 

Report is included in Appendix D, and shows no contaminated groundwater off site. 

3.3.4 Conclusions: 

Based on the sampling results summarized above, the Respondents concluded the 

following: 

• Levels of Lead and Arsenic contamination exceed the NRRSK in one area 

around sample point 18 in the EPA Repository. 

• Lead, Cadmium, Zinc, and Arsenic exist in the sediments of Unnamed Creek 

above RRSK levels. 

• Lead, Cadmium, Zinc and Arsenic exist in the sediments at the Confluence 

above the RRSK levels. 

• Surface water in Unnamed Creek has not been significantly impacted off site 

with the exception of one location just west of the Site boundary line. 
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• Surface water in the rest of the unnamed Creek and Drum Creek has not been 

r- significantly impacted. 
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• Groundwater contamination on-site is stationary and has not moved off site. 

• Off-site groundwater is not impacted. 

3A Assessment Of Contamination Associated With The Site: 

The assessment of contamination associated with the Site has been established utilizing 

the data developed in the KDHE sampling events. Additional sampling will be 

conducted as part of the RA to establish the precise boundaries of areas that exceed the 

NRRSKs, to ensure that all contaminants above their respective NRRSKs are removed. 

3.4.1 Soil Contamination: 

The soil contamination at the Site consists mainly in the area of the intersecting railway 

and fonner production areas in the southeast portion of the Site. According to the KDHE 

sampling results, Lead and Arsenic are the contaminants above their NRRSK. These 

areas are depicted on Figures 3 and 3-2. There is one additional area located to the north 

of the fonner lagoon area showing levels of Arsenic above the NRRSK. During the RA, 

additional samples will be taken to verify the isoconcentration lines above the NRRSK as 

depicted on Figures 3 and 3-2. All of the additional samples will be analyzed for Lead, 

Cadmium and Arsenic. This analytical data will be used to develop maps outlining the 

areas where soil excavation will be required. The sampling procedures are as follows: 

• Sample fifty feet outside the contour line within its respective grid as indicated on 

Figures 3 and 3-2. 

• If area is below NRRSK then set stake and move to next area. 

• If area is above the NRRSK then move outward an additional fifty feet and 

resample. 
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• Repeat the above step until concentrations are below the NRRSK. 

• Develop maps showing the areas where soil removal will be required. prior to 

implementing the RA Plan. 

The EPA Repository area \Vas sampled at points referenced on Figure 5. The only area 

identified above the NRRSK was for Lead and Arsenic at sample point 18. Additional 

veritication sampling at 50-foot and 1 00-foot intervals around sample point 18 will be 

required as part of the RA to determine any additional areas above the Lead NRRSK of 

1,000 mglkg and Arsenic NRRSK of 38 mglkg. The protocol for sampling and soil 

removal will be the same as outlined above. 

3.4.2 Sediment Contamination: 

Pursuant to the RSE Work Plan, Unnamed and Drum Creeks were sampled to determine 

contamination concentrations, establish background levels, and to study the sediment I 

surface water relationship. The sampling locations are shown on Figures 7 and 8. The 

levels of contaminant concentration are shown on Figures 9A through 90. Unnamed 

Creek was sampled starting at a point 250 feet east of MW -4 and sampled at varying 

locations plotted on Figures 7 and 8 to its termination point at Drum Creek. Where 

surface water was encountered on Unnamed Creek, a sample was taken. The analytical 

results for surface water are also shown on Figures 9A through 90. The constituents of 

concern in Unnamed Creek sediments above the RRSK were Cadmium, Lead, Arsenic, 

and Zinc. Other metals were below the RRSK. See Tables 1 through 4 in Appendix B 

for all sampled constituents. The metals above the RRSKs are throughout the sediments 

in Unnamed Creek (many are in duplicated areas). Tables 2 and 6 present summaries of 

the sediment sampling data for Drum Creek. The surface water throughout Unnamed 

Creek has essentially not been impacted by the metals contained in the sediments except 

in one area just west of the Site boundary as shown on Figures 9A through 9D. There are 

portions of Unnamed Creek that have been washed clean of visible sediments, and a slate 
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bottom is all that remains. Remedial action is not planned for these areas. Tht:se areas 

are as follows. 

From Highway 169 west to Sunnyslope Drive: 

From Sunnyslope Drive west to Martin Drive (approximately 600 feet). 

The visible sediments in the portion of Unnamed Creek from the west boundary of the 

Site to Highway 169 will be removed using mechanical equipment. 

The remaining portion of Unnamed Creek from Martin Drive crossing to the Contluence 

is extremely narrow with high banks, and therefore will not accommodate mechanical 

equipment without causing major impacts to existing environmental conditions. 

Therefore, sediment removal is not recommended for this portion of Unnamed Creek. 

It is recommended that the visible sediments which are to be removed from_ Unnamed 

Creek will be removed in accordance with the following: 

• Remove all visible sediments and place in former lagoon area. 

• Where necessary for maintaining the creek bed slope, place clean soil 

After consideration of sediment sampling results together with water quality data 

discussed in Section 3.4.3, it is concluded that no sediments should be removed from 

Drum Creek due to the following reasons: 

1. Water quality in Drum Creek has not been significantly impacted by 

sediment. 

2. Those minor water quality impacts that do occur in Drum Creek happen 

only under high flow conditions that are infrequent. 

3. Removal of the sediments in Drum Creek could jeopardize the current 

drinking water quality and existing aquatic life. 
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4. Sampling points downstream for all the constituents in most cases are 

lower than the background parameters. 

5. Drum Creek and the Verdigris River, which Drum Creek feeds into, do not 

supply residential drinking water downstream. 

6. Creek bank disturbance and vegetation removal including mature trees 

could prove detrimental to the existing aquatic life in Drum Creek. 

7. The aesthetics of Drum Creek would be damaged. 

3.4.3 Surface Water Contamination: 

As previously presented, the Respondents collected surface water samples from 

Unnamed and Drum Creek. The water quality data from Unnamed Creek are shown on 

Table 3 and Figures 3A, 38 and 3C. The water quality data from Drum Creek are shown 

on Tables 4 and 5 and Figures 3A, 38, and 3C. Based on the water quality analytical 

data, the following conclusions are drawn: 

1. Proper clean up, closure and capping of the site will eliminate any surface 

water contamination throughout Unnamed Creek. 

2. During low flow conditions, the segment of Drum Creek starting 

approximately 300 feet downstream from the mouth of Unnamed Creek 

and extending to the low water crossing, is in the form of a long, narrow 

pond. The ponding effect was created by the raised stream bottom 

elevations at the low water crossing and, possibly, at the bridge crossings 

located throughout this segment of the creek. During low water flow 

conditions the only visible and accessible sediments in this segment of 

Drum Creek (between Unnamed Creek and the low water crossing) are 

those located within 300 feet downstream from the mouth ofUnnamed 

Creek. Any other sediments are inundated even during low flow 

conditions. 
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Removal of any sediments in Drum Creek would require major channel 

alterations in order to remove the ponding effect. By opening up the creek 

channel, the result would be the sediments will be allowed to freely move 

downstream. 

3. Water quality has not been jeopardized in Drum Creek during all 

flow conditions. 

During low flow conditions, the only metal detected was Zinc, see 

Tables 5 and 7. The data presented in blue in Table 5 reflects 

·. samples taken during low flow conditions. The sampling locations 

where Zinc was detected during low flow were sample .points W 4-

D1, W8-03, W9-D4, W10-05, and W15-Dl0. All concentrations 

of Zinc in these samples were below the MCL for Zinc of 5mg/L. 

Computing the calculations set forth in KAR 28-16-28 for Zinc for 

these sample points yields the following results: 32.2 at W4-Dl; 

132 at W8-03; 132 at W9-04; 54.4 at Wl0-05; and 20.4 at W15-

D10. As shown in Table 7, all of these results were well below 

both the acute and chronic aquatic life criteria. 

The data presented in black in Table 5 reflects samples taken 

during normal flow conditions. Since there were no metals 

detected in any samples taken during normal flow conditions, there 

are no calculations presented in Table 7 for either acute or chronic 

criteria during normal flow conditions. 

There were five water samples taken in Drum Creek during high 

flow conditions. The data presented in red in Table 5 reflects the 

high flow samples taken at these five sample points: W7 -02, W 4-

Dl, W8-D3, WlS-010 and LWC300. 
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During high flow conditions, there was one sample point, W 4-D 1 

(the Confluence) that exceeded the acute aquatic life criterion for 

Zinc. There were four exceedences for the chronic aquatic life 

criteria, three for Lead, Zinc and Cadmium at W4-Dl (the 

Confluence), and the fourth for Lead at W8-D3 (75 feet below the 

Confluence). During high flow conditions, there were three 

marginal MCL exceedences, for Lead and Cadmium at W4-D 1 

(the Confluence) and for Lead at W8-03 (75 feet below the 

Confluence). 

In summary, the foregoing data reflects that there were no MCL 

exceedences and no acute or chronic aquatic life criteria 

exceedences during either low or normal flow conditions in Drum 

Creek. While there were a few exceedences during high flow 

conditions, these are believed to be insignificant for the following 

reasons: (1) Precipitation data recorded by the Army Corps of 

Engineers for Big Hill Lake, located 5 miles East of Cherryvale, 

reflects that for the years 2002 and 2003, the Cherryvale area 

received only 10 rainfall events with precipitation measuring over 

one inch; and only four rainfall events measuring over two inches. 

Based on these rainfall events over a two-year period, the 

dominant flow pattern for Drum Creek is most likely to be either 

low or normal flow conditions. (2) The area where the high flow 

exceedences occurred is confined to the 75-foot segment of Drum 

Creek between the Confluence (W4-Dl) and the sample point 75 

feet downstream (W8-D3). (3) Chronic aquatic life effects are 

unlikely to occur in Drum Creek. 40 CFR § 131.36 provides that a 

"Criteria Continuous Concentration = the highest concentration of 

a pollutant to which aquatic life can be exposed for an extended 

period of time (4 days) without deleterious effects". Based on the 

precipitation data, the number of times high flow conditions exist 
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in Drum Creek for a minimum of four ccmtinuotis days appears to 

be very limited.: 

4. The· meta_( concentrations in Drum Creek do not appear to be increasing 

with the flo.w rate with the excepti'on .of Lead: and Chromium during high 

water flow. 

5. Chromium 1exceecied detection levels, in several samples during high water 

flo.w·conditiohs. None the less, the level~ ofC~hromiumin Drum Creek 

under all of the flow conditions (low, norri1~l and high) were below its 

MCL. 

6. The trace amount of Lead detected in Sample 6 is. frgm the new City 

treatrilent plant. the trace .amounts detected in Samples 8 and. 1.0 .are 

within 75 feetofthe·Contiuence. 

1. 

8. 

Except for, the first 300feetbelow the·confluence of Unnamed and Drum 

Creeks, the sediment contamination .levels,appeatto be very similar to 

background levels. 

The sediments ·in Dr:um Creek do not pn;sent a nsk to the drinking water 

quality, unless tlle sediments are disturbed. 

Irtconclusion, existif1g surface water quality in Drum Creek and Unnamed Creek i's hot 

significantly impacted, and the source control measures' at the Site· and .in the Unnamed 

Creek will. further improv~ the existing good water q-uality,. 



3.4.4 Groundwater Contamination: 

'\__ As previously mentioned, the Hydrogeological Investigation Report, which is included as 

Appendix B, concluded that there is no off site groundwater contamination resulting 

from the Site. 

4.0 Potential Exposure to Human Health and Environment: 

As previously identified, the contaminants of concern associated with the Site are Lead, 

Cadmium and Arsenic. 

4.1 From Contaminated Site Soils: 

KDHE conducted two major studies of the Site. The ESI and BTA reports concluded that 

Lead, Cadmium and Arsenic contamination to on-site surface soils existed. 

Lead is a naturally occurring, bluish-gray metal found in small quantities in the earth's 

crust. It is present in a variety of compounds and is considered a very toxic element at 

low dose levels. Human exposure to Lead can occur through inhalation and oral 

exposure. Children are at a particular risk not only because of their sensitivity to Lead at 

very low levels, but also because they commonly put hands, toys and other items in their 

mouth, which may have come in contact with Lead containing dust and dirt. Acute 

effects from Lead can lead to brain damage, kidney damage and gastrointestinal distress. 

Chronic or long-term exposure affects the blood, central nervous system, blood pressure, 

kidneys and Vitamin D metabolism. EPA has classified Lead as a probable human 

carcinogen. 

Cadmium is a soft silver white metal that is usually found in combination with other 

elements that have a varying degree of solubility. The most likely routes of exposure 

from Cadmium are from inhalation and ingestion. Cadmium is considered to have a high 

acute toxicity based on inhalation studies conducted on laboratory animals leading to 
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pulmonary irritation. Chronic long-tenn effects of Cadmium exposure are bronchial and 

pulmonary irritation, bronchiolitis, emphysema. kidney, liver, lung, immune system, 

blood, and nervous system problems. The EPA considers Cadmium as a probable human 

carcinogen. 

Arsenic is a naturally occurring gray-colored element in the earth's crust, (,Uld is usually 

found combined with other elements. It was used and still is used in home remedies and 

as an antiparasitic agent in veterinary medicine. Common routes of exposure for Arse!lic 

are inhalation. ingestion and absorption, most commonly from ingestion of food intake. 

Acute Arsenic exposure by inhalation can result in gastrointestinal, hemolysis, and 

central and peripheral nervous system disorders. Acute oral exposure to inorganic 

Arsenic can result in gastrointestinal, central nervous system, cardiovascular system, 

liver, kidney or blood disorder problems, and at high concentrations, death. Chronic 

inhalation exposure to Arsenic is reported to cause irritation of skin and mucous 

membranes. Chronic oral exposure to inorganic Arsenic causes gastrointestinal effects, 

anemia, peripheral neurology, skin lesions, hyperpigmentation, gangrene of the 

extremities, vascular lesions, and liver or kidney damage. Arsenic is listed as a Group A 

carcinogen. 

Appendix E includes additional health effects information on Lead, Cadmium and 

Arsenic obtained from the Agency for Toxic Substances and Disease Registry. 

Potential human exposure to contaminants can occur by direct contact with the soil, by 

wind dust particles where erosion has occurred, and by not having controlled access to 

the Site, which might allow children and other unauthorized persons to enter the Site. 

Environmental exposure may occur from wind-blown particles from areas that are 

sparsely vegetated or with no soil cover barrier, allowing the heavy metals that have 

attached themselves to soil particles to become airborne and deposited off site in 

inhabited areas or in streams and rivers. 
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Implementation of the preferred removal alternative will mitigate the concerns arising 

from contaminated Site soils by signiticantly reducing the possibility of public exposure 

to these soils. 

4.2 From Off Site Sediment Contamination: 

The parameters of concern in the sediments are Lead, Cadmium, Arsenic and Zinc. The 

characteristics of these metals were summarized above, except for Zinc. 

Zinc is a bluish-white shiny metal and is one of the most common elements found in the 

earth's crust. Zinc is also essential for human health. Zinc exposure can occur by 

inhalation and ingestion. Acute symptoms of Zinc overexposure can lead to stomach 

cramps, nausea, and vomiting. Acute inhalation exposure can lead to metal fume fever. 

Chronic effects of ingestion overexposure to Zinc can cause anemia, pancreas damage 

and lower levels of high-density lipoprotein cholesterol. The chronic inhalation hazards 

of Zinc are not known. Zinc is not listed as a carcinogen. 

Appendix E includes additional health effects information on Zinc obtained from the 

Agency for Toxic Substances and Disease Registry. 

Potential exposure to human health can occur by direct contact with the sediments and by 

sediment particles becoming airborne by the wind. The other means of potential 

exposure through sediment contamination is by the sediments being washed downstream 

and accumulating in a water body and absorbed or ingested by lower life forms and being 

transferred up the food chain and ultimately ingested by humans, or by being distributed 

onto agriculture fields for human consumption in times of flooding. While these 

pathways may potentially exist for a few individuals, the expected frequency and 

duration of any exposure is expected to be minimal for this site. The environmental 

threat from contaminated sediments is as previously mentioned by sediments being 

washed and accumulated in a sensitive ecosystem. 
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The preferred alternative, which includes source removal and qppi11g -~t the plant site, 

will stop the further transport of contaminants from the plant site into the surface wa:ter 

pathw~ys. Also, the sediment remo.val from portions of the Unnamed Creek will' provide 

ad<iitional source control.and .reduce impacts to Drum Creek. 

4.3 From On~Site and Off Site Surface Water: 

The parameters of co.ncem in surface water are Lead, Arsenic, Cadmium. and Zinc. These 

metals have a tendency to attach themselves. to soil and sediment particles and are 

generally not water soluble t~nder natural' conditions, Heavy metals do not generally 

,break down, but ,usually change fonns when exposed to certain chemical environments 

not .typically found in nature. The stuface w:ater and sediment anatytical results v.erified 

thaph(! heavy metals are generally being retained in the sediments :and are not leaching 

out into the ~urf~c.e water .. Possible human health exposure COIJ.ld occur by direct contact 

irt surface water pool~ whl!r~ s.ediments have accumulated or by any fiCtivities that stir up 

the sediment into the sUrface water. ,Based on the analytical data, environrriental. 

concerns from surface water do not pose ,a threat. Implementation .of the preferred 

remova,l alt~matives will mitigate any concerns arising from surface water .. 

4.4 From Groundwater: 

The. nearest water well is Y2 ofa mile from the Site, located in ah upgradient dir.ection. 

Water wells are generally ofpoot qualio/ in the whole region due .to brine influence from 

oil field activ:ities,.sulfateconcentration and hardness. Groundwater studies conducted 

pursuant to the Consent Order show that the groundwater contamination documented by 

KE>HE on-site has not moved ·Off site. Groundwater has no potenti~l human health 

exposlire and p6$~S no threat to the environment. 
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4.5 Potential Contamination of Drinking Water: 

The City of Cherryvale receives its drinking water from Big Hill Lake which is located 

upstream of surface drainage from the Site. There are no drinking water reservoirs or 

public drinking water supplies downstream from the drainage inflow from the Site. 

There are a total of 17 private wells within a four-mile radius of the Site. The wells are 

plotted on Figure 10. The groundwater flow on the Site is from east to west. There is 

only one well within one-half mile of the Site and it is located upgradient in relation to 

the Site. There are four additional private wells within a two-mile radius of the Site. 

However, one is north in an upgradient direction, two are approximately two miles south 

of the Site, one is approximately two miles southwest of the Site, and none of them is in 

the downgradient groundwater flow direction. The other twelve wells are outside the 

two-mile radius. 

Due to the non-existence of drinking water wells within a four-mile radius in the 

downgradient groundwater direction of the Site, and also due to downgradient monitoring 

wells showing no off-site impact on groundwater, it is concluded that the Site is not 

contaminating any off-site groundwater quality or drinking water wells. 

4.6 Other Situations or Factors Posing a Threat to Public Health, Welfare, and 

Environment: 

Dust generated from the removal and transport of contaminated soil could cause a threat 

to public health and the environment. The RA Plan will include a means of dust 

suppression during the course of removal and transport of contaminated soil and roads. 

5.0 Cleanup Levels: 
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5~1 Cleanup Levels for Contaminated Solis: 

Cleanup l'evels for·contaminated soifs on-site, including the EPA RepositoJy, will be 

based on the NRRSK oa5ed standard for Kansas . 

. 5.2 Cleanup Levels for Sediment Removal: 

All visible sediments will be· removed from the portions of the Unnamed Creek identified 

in :section 3A.2. 

5~.3 Sampling. and Analysis PlaD' for· Confirming the Boundaries of Contaminated 

Areas: 

The areas .outlined on Figures 3, 3-2, and 5 depict:additionallocations which will be 

sampled to confirm the. boundaries .of the contaminated soils .shown on the 

isoconce.ntra,tiQn.maps. After sampling and.analysis, the isoconcentration maps will be 

aQ.juste.d tp ~eflect updated findings~ The sampling of additional areas Will be: a 

composite of the top .six inches o.f soil. The .sampling and analysis plan to be fe>llow.ed is 

outlined in Appendix F. 

6.0· Removal Action Design: 

6.1 Identification and Listing of Areas Where Removal Action is .Needed: 

The a1"ea5'that require removal action are: 

• The on-site areas outside the EPA Repository an.d outside of the active railroad 

tra~ks where the Lead, Cadmium and Arsenic levels exceed the NRRSK. 

• The on-site area within the EPA Repository as outlined on .Figure· 5 which 

:exceeds the NRRSK level for Lead and Arsenic . 
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• The surface water pathway of the Unnamed Creek where all visible sediments are 

to be removed in those portions of the Creek described in Section 3.4.2. 

• The fonner lagoon area, where excavated soils and sediments will be placed in a 

disposal facility, the disposal facility covered with a new 18" clay liner plus 6" of 

topsoil, the entire fonner lagoon area raised a minimum of 3 feet (including the 

new clay cap), the existing clay cap repaired as necessary and upon completion, 

the surface drainage improved over the entire previously closed lagoon area. 

6.2 Removal Action Goals: 

The Removal Action Goal for soil material exceeding the NRRSK is to prevent any 

future harm to the public and the environment by either removing the soils or capping 

them in place. The goal of remediating the contaminated sediments in the designated 

portions of Unnamed Creek is to eliminate the future environmental degradation by 

removing these sediments. The goal of repairing the cap over the previously closed pond 

area is to prevent the erosion of the fill material below the cap and also to limit the 

percolation of the surface water. The goal of raising the entire surface of the fonner 

lagoon area by a minimum of three (3) feet is to prevent interfacing between the 

groundwater and surface water. 

6.3 Identification and Assessment of Applicable Removal Action Alternative 

Methods for Contaminated Soils: 

6.3.1 Evaluation of Removal Alternatives for Contaminated Soils Located Outside 

of the EPA Repositorv and Outside of the Active Railroad Track Corridor: 

Removal action alternative methods for soil material located in those areas within the Site 

which exceed the NRRSK are: 

1. Do nothing. 

2. Cap and leave in place. 
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3. Remove soils above NRRSK and dispose off site. 

4. Remove soils above NRRSK and dispose on-site. 

The "Do Nothing" alternative is not considered a viable alternative. To leave the 

contaminated soil at the surface would result in surface water contamination and possible 

harm to the public and ecosystems via surface water pathways and wind erosion. 

Capping the surface areas which are above the NRRS K will meet the regulatory 

requirements. The cap would consist of an 18" clay cap and six inches of top soil. 

However, it will require restricted covenants to continue on the capped areas. Restricted 

areas can only be used as parking areas and, therefore, will not meet the objectives of the 

landowner, City of Cherryvale. 

Options 2 and 3 do not include on~site disposal. However, the surface of the previously 

closed lagoon area will still be required to be raised by a minimum of 3 feet. This could 

only be accomplished under Option 2 or 3 by bringing clean soil from off site at an 

estimated additional cost of $2,012,500. 

Options 3 and 4 are the same, but differ only in the disposal options, with off-site 

disposal being far more costly. Physically removing the soil material above the NRRSK 

and placing the excavated soil in an off-site landfill, or on a prepared on-site disposal area 

and capping, would provide the best long-term solution, would meet the goals of 

protecting surface water and groundwater, and would meet the goals on protecting human 

health and environment. 

The disadvantages of disposing the material off site are several: 

l. The excavated on-site soil will be needed to elevate the closed lagoon area 

before final capping. 

2. There is an increased risk of traffic accidents and material releases in 

transporting the soils over the highway system to an off-site landfill. It is 

estimated that 5000 truck round trips will be required to transport the 
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impacted soils to the nearest landfill. which is approximately 75 miles 

away. In addition, there will be definite damage to roads and bridges 

resulting from heavy truck traffic. 

3. The closest off-site landfill where the soils could be economically 

disposed of is approximately 75 miles from the Site·. Additional pre

treatment of the soils may be required before the landfill can be used. 

The time required for pre-treatment and transportation will substantially 

lengthen the time required to implement the RA Plan. 

4. Transporting the soil to an off-site landfill will result in significantly 

increased costs. See Page 39 for cost comparisons. 

5. Transporting the soils to an off-site landfill presents the risk of additional 

liability for those soils in the event the landfill is improperly managed by 

·c the landfill operator. 

6. The on-site disposal area designated for the excavated soils is the surface 

of the previously closed pond area. This area will continue to be subject 

to restricted covenants in any event, since waste material was placed there 

in 1979. Putting additional contaminated soils there will thus not results 

in an increase in the portions of the Site that must remain subject to 

restrictive covenants. 

7. Utilizing the surface of the previously closed pond area will also meet the 

objective of eliminating the erosion of material below the old cap, and 

eliminating the potential for surface water penetration below the cap. 

8. Removing material and disposing off site would require additional off site 

soil to be brought to the Site to raise the lagoon area. 

9. Remove soil above NRRSK and dispose off site is far more costly than 

on-site disposal ($16,951,700 compared to $3,880,593). 

In view of the foregoing disadvantages of off-site disposal, excavation of impacted soils 

and disposal on-site is the preferred alternative. 
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6.3.2 Evaluation of Removal Alternatives for Contaminated Soils Placed Within 

the EPA Repository: 

Removal Action alternative methods for soil material located in the EPA Repository Area 

which exceed the NRRSK are: 

1. Do nothing. 

2. Cap and leave in place. 

3: Remove soils above the NRRSK level and dispose off site. 

4. Remove soils above the NRRSK level and dispose on-site. 

The "Do Nothing" alternative is not considered a viable alternative. To leave the 

contaminated soil at the surface would result in surface water contamination and possible 

harm to the public and ecosystems via surface water pathways. 

Capping and leaving in place is an environmentally acceptable option. The cap would 

consist of an 18" clay cap, and six inches of topsoil. However, the "Cap and Leave in 

Place" alternative would require restricted covenants to continue in that area limiting 

future development. Restricted areas can only be used as parking areas and, therefore, 

will not meet the objectives of the landowner, City of Cherryvale. 

Options 2 and 3 do not include on-site disposal. However, the surface of the previously 

closed lagoon area will still be required to be raised by a minimum of 3 feet. This could 

only be accomplished under Option 2 or 3 by bringing clean soil from off site at an 

estimated additional cost of $2,012,500. 

Removal of soils above the NRRSK and disposing off site or on-site are both equally 

environmentally acceptable methods. For the reasons discussed in Section 6.3.1 above 

excavation of contaminated soil and on-site disposal is the preferred alternative. 
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Soils underneath the off-site soils placed in the EPA Repository that exceed the Kansas 

NRSSK levels will be left in place, since they are covered by the off-site soils placed in 

the EPA Repository ranging from three to sixteen feet in depth. 

6.4 Identification and Assessment of Applicable Removal Action Alternative for 

Contaminated Sediments: 

6.4.1 Unnamed Creek: 

The Applicable Removal Action Alternative Methods for contaminated sediments are: 

1. Do nothing. 

2. Remove visible sediments as outlined in Section 3.4.2_and dispose off site. 

3. Remove visible sediments as outlined in Section 3.4.2_and dispose on

site. 

Options 2 and 3 include removing the contaminated sediments above the NRRSK for all 

the heavy metals, disposing either on or off site, re-sampling the remaining soil, grading 

to proper drainage and re-vegetating. Option 2 or 3 would be a permanent solution that 

would be more favorable than Option 1 for public health and the environment. For the 

reasons set forth under Section 6.3.1 above, on-site disposal, Option 3, is the preferred 

alternative. 

6.4.2 Drum Creek: 

For the reasons stated in Section 3.4.2, it is recommended that no sediments be removed 

from Drum Creek. 
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6.5 Assessment of the Need for Groundwater Removal Action and Identification 

and Review of the Applicable Alternatives: 

The off-site groundwater monitoring data establishes that no off-site groundwater 

removal action is required. 

6.6 Comparison of Applicable Alternative Methods: 

The candidate alternative methods for removal action listed above were compared in 

accordance with their cost, regulatory acceptability, implementability, meeting the 

Respondents' objectives, and other factors. Shown on Pages 39, 40, 41, and 42 are the 

estimated costs for implementation of each of the candidate alternative methods. 

Presented on Page 43 is the comparison of all the identified candidate alternative removal 

alternatives utilized in choosing and proposing the preferred alternative. 
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ALTERNATIVES 

Remove Soil Above NRRSK and 
Dispose On-Site 1 

Remove Soil Above NRRSK and 
Dispose Off-Site 1 

Cap and Leave In-Place 1 

COST ESTIMATES 
NATINAL ZINC SITE 

CHERRYVALE, KANSAS 

AREAS OUTSIDE WITHIN THE 
EPA REPOSITORY EPA 

AND RAILROAD REPOSITORY 
CORRIDOR AREA 

2,280,900 89,600 

13,986,600 158,600 

2,738,293 143,107 

1 Backup calculations are provided on Pages 40, 41 and 42 
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SEDIMENT 
REMOVAL 

FROM CAPPING 
UNNAMED POND TOTAL 

CREEK SURFACE COST 

175,000 1,335,093 3,880,593 

535,000 2,271,500 16,951,700 

175,000 2,271,500 5,327,900 



CAP AND.LEAVE IN..:PLACE, 

Areas Outside EPA Repository and Railroad Corridor.. 
Mobilization/Demobilization -
Plot Gnd System 
Sampling_and T~sting 
<;:ap: 59 acres x 43560/27 x 2' x $11.50/cy 
Surface 1Drainag~ Cllld_ Rip_rap 
See<iing - -

QNQC 
Construction Supervision 
Project Engineer 
Surveying-
As Built Drawings 
Certification and Permitting 
Fencing 
Sub-Total 

EPA Repository and Railroad' Corridor 
Sampling and Testing 
Cap: I acre X 43560/27 X 2.' X $11.50/cy 
Compaction _ 
SUrface Drainage arid Riprap 
.seeding 
QA/QC 
Construction Supervision 
,Project E11gineer 
Surveying 
As Built Drawing~ 

_ Certification: · 
·Sub'-Total 

.Sediment Removal and On-Site Disposal from Unnamed Creek 

Capping Pond Surface 
Material to Raise Pond Area by 3': 175,000 cy x·$11.50/cy 
Surface Drainage and Riprap 
Seeding 
QA/QC 
Construction. SuperVision 
ProjectEngmeer 
Surveying 
Final Report, As-Built Drawings and Certification 
Sub-Total-
TOTAL 

40 

AMOuNT<$> 

·~.ooo 
20;000 
25,000 

2,189,293 
45,000 
55,000 

140,000 
65,000 
45,000 
40,000 
to,ooo 
40,000 
'50.000 

2,738,293 

5,0,00 
37,107 
30,000 

5,()00· 
10,000 
20,000 
10,000 
5,000 
·5,ooo 
6,000 

io.ooo. 
143~107 

175,000. 

2,012;500 
30,000 
44,000 
40,000 
40,000 
40,000 
20,000 
45~000 

i,l71.500 
- 5,327~900 
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REMOVE SOILS ABOVE NRRSK AND DISPOSE OFF-SITE 

Areas Outside EPA Repository and Railroad Corridor 
Mobilization/Demobilization 
Plotting Grid system 
Testing to identify areas for excavation 
Excavation, testing and loading of Contaminated Soil; 96,400 x $11/cy 
Transportation and Disposal: 96,400 cy x $120/cy 
Final Grading 
Place 1' Soil Cover: 63,000 cy x $1 0/cy 
Surface Drainage and Riprap 
Clay Cap: 10 acres x 1.5 ft x 43560/27 x $11.50/cy 
Seeding 
QAJQC 
Surveying 
As Built Drawings 
Technician: 4 month x 200 HRIMONTH x $55/Hr 
Laboratory 
Construction Supervision 
Project Engineer and Permitting 
Fencing 
Sub-Total 

EPA Repository and Railroad Corridor 
Excavation, testing and loading of Contaminated Soil; 600 x $11/cy 
Transportation and Disposal: 600 cy x $120/cy 
Place Soil Cover: 2,000 cy x $1 0/cy 
Compaction 
Surface Drainage and Riprap 
Seeding 
Surveying 
Construction Supervision 
Project Engineer 
Sub-Total 

Sediment Removal and Off-Site Disposal from Unnamed Creek 
Sediment Removal 
Transportation & Disposal3,000 x $120/cy 
Sub-Total 

Capping Pond Surface 
Material to Raise Pond Area by 3 ': 175,000 cy x $11.50/cy 
Surface Drainage and Riprap 
Seeding 
QAJQC 
Construction Supervision 
Project Engineer 
Surveying 
Final Report, As-Built Drawings and Certification 
Sub-Total 
TOTAL 

41 

= 

AMOUNT($) 

14,000 
20,000 
30,000 

,060,400 
11,568,000 

50,000 
630,009 

25,000 
266,200 

35,000 
30,000 
13,000 
30,000 
44,000 
16,000 
50,000 
55,000 
50,000 

13,986,600 

6,600 
72,000 
20,000 
30,000 

5,000 
5,000 
5,000 

10,000 
5.000 

158,600 

175,000 
360.000 
535,000 

2,012,500 
30,000 

44,000 
40,000 
40,000 
40,000 
20,000 
45.000 

2.271.500 
16,951,700 
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COST ESTIMATE CALCULATIONS FOR 
ALTERNATIVE REMOVAL ACTION METHODS 

REMOVE SOILS ABOVE NRRSK AND DISPOSE ON-SITE 

Areas Outside EPA Repository and Railroad Corridor 
Mobilization/Demobilization 
Haul Road Construction 
_Plotting Grid system 
Testing to identify areas for excavation 
Excavate and Transport Soil To Disposal Area; 99,400 x $7/cy 
Place and Compact soil at Disposal Area: 99,400 x $2/cy 
Final Grading 
Place Soil Cover: 63,000 cy x $10/cy 
Surface Drainage and Riprap 
Clay Cap: 10 acres x 1.5 ft x 43560/27 x $11.50/cy 
Seeding 
QA/QC 
Surveying 
As Built Drawings 
Technician: 4 month x 200 HRJMONTH x $55/Hr 
Laboratory 
Construction Supervision 
Project Engineer and Permitting 
Fencing 
Sub-Total 

EPA Repository and Railroad Corridor 
Excavation, testing and loading of Contaminated Soil; 600 x $11/cy 
Compaction 
Transportation and Disposal: 600 cy x $5/cy 
Place Soil Cover: 2,000 cy x $10/cy 
Surface Drainage and Riprap 
Seeding 
Surveying 
Construction Supervision 
Project Engineer 
Sub-Total 

Sediment Removal and On-Site Disposal from Unnamed Creek 

Cap the Pond Surface: 
Cap over the excavated soil: 20 acres x 43560/27 x 2ft x $11.50/cy 
Raise 4 acres: 4 acres x 43560/27 x 4.5' x $11.50/cy 
Surface Drainage and Riprap 
Seeding 
QA/QC 
Construction Supervision 
Project Engineer 
Surveying 
Final Report, As-Built Drawing and Certification 
Sub-Total 
TOTAL 

42 

= 

AMOUNT($) 

14,000 
16,000 
20,000 
30,000 

695,800 
198,800 
50,000 

630,000 
25,000 

278,300 
35,000 
30,000 
13,000 
30,000 
44,000 
16,000 
50,000 
55,000 
50.000 

2,280,900 

6,600 
30,000 

3,000 
20,000 

5,000 
5,000 
5,000 

10,000 
5.000 

89,600 

175,000 

742,133 
333,960 

30,000 
44,000 
40,000 
40,000 
40,000 
20,000 
45.000 

1,335.093 
3,880,593 
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ACTION REGULATORY 
LOCATION METHOD ACCEPT ABILITY 

Cap and leave 
in place Acceptable 

Areas Outside 
of EPA 
Repository Remove soils 
Area and aboveNRRSK 
Active Rail and dispose Acceptable 
Road Corridor off-site 

Remove soils 
aboveNRRSK Acceptable 
and dispose on-
site 
Cap and leave 
in place Acceptabl~ 

Within the 
EPA Remove soils 
Repository aboveNRRSK 
Area and dispose Acceptable 

off-site 

Remove soils 
aboveNRRSK Acceptable 
and dispose on-
site 
Remove visible 
sediments and 
dispose off-site Acceptable 

Unnamed 
Creek Remove visible 

sediments and 
dispose on-site Acceptable 

Note: No action is not considered a viable candidate alternative 
Land Owner is the City of Cherryvale 

CANDIDATE REMOVAL ACTION METHODS COMPARISON 
FORMER NATIONAL ZINC SITE 

CHERRYVALE, KANSAS 

MEETING 
RESPONDENT'S COST 

IMPLEMENT ABILITY AND LAND -$- OTHER FACTORS 
OWNER'S 

OBJECTIVES 

Irnplementable. However, Respondent: Yes Capped areas (almost entire site) will require 
lagoon area will still be Land Owner: No 5,009,793.00 restrictive covenants to remain in place, which 
elevated for fmal capping, Due to restrictive will limit future development. 
requiring off-site soil. covenants 

Respondent: No On-site soil will be needed to elevate the lagoon 
Not easily implementable. Due Due to high cost and area for final capping, risks of material release 
to the distance to the landfill. liabilities. 16,258,100.00 during transportation, and liability at the landfill 

Land Owner: Yes 
Best meets objectives 

Implementable. of Respondent and 3,615,993.00 Eliminates Risk and Liability 
LandOwner. 

Respondent: Yes Will require restrictive covenant to remain, which 
lrnplementable. Land Owner: No 143,107.00 will limit future development. 

Due to restrictive 
covenants 

Respondent: No On-site soil will be needed to elevate the lagoon 
Not easily implementable. Due Due to high cost and area for final capping, risks of material release 
to the distance to the landfill. liabilities. 158,600.00 during transportation, and liability at the landfill. 

Land Owner. Yes 

Best meets objectives Eliminates Risk and Liability 
Implementable. of Respondent and 89,600.00 

LandOwner. 

Respondent: No On-site soil will be needed to elevate the lagoon 
Not easily implementable. Due Due to high cost and area for final capping, risks of material release 
to the distance to the landfill. liabilities. 535,000.00 during transportation, and liability at the landfill 

Land Owner: Yes 
Best meets objectives 
of Respondent and 

lrnplementable. Land Owner. 175,000.00 Eliminates Risk and Liability 
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6. 7 Proposed Removal Action: 

After a thorough review of technical, environmental, short-term and long-term risk 

factors, and the estimated costs for implementation of each alternative method listed in 

this report, Respondents recommend the Removal Action alternatives presented in this 

section. The proposed Removal Action alternatives include the following: 

• Soils from those areas on the Site (outside the EPA Repository and outside the 

active rail line corridor) containing contaminants of concern in concentrations 

above the Kansas NRRSK levels (Lead 1000 mglkg; Cadmium 1000 mglkg; 

Arsenic 38 mglkg) should be removed to a maximum depth of 18 inches, and the 

excavated soils should be consolidated on the former lagoon area on the west side 

of the Site. 

• Areas where soils are removed should be covered with a minimum of six 

inches of topsoil and graded for proper surface drainage. 

• Areas which continue to target above the Kansas NRRSK levels after 

removal to a depth of 18 inches should either be removed in additional six 

inch lifts to a depth at which the Kansas NRRSK levels are no longer 

exceeded, or should be covered with a cap consisting of 18 inches of clay 

plus six inches of top soil and continue to be subject to restrictive 

covenants as to future use. 

• Soils placed in the EPA Repository should be left undisturbed, except for one 

small area around sampling point # 18 where the soils exceed the Kansas 

NRRSK levels. The soils in that area which exceed the NRRSK levels should 

be excavated and consolidated onto the former lagoon area. The remaining 

soil material in the EPA Repository should be compacted from the surface and 

left in place. 

• In view of the depth of the EPA Repository material, any soils beneath the 

soils placed in the EPA Repository which contain contaminants of concern 

in concentrations exceeding the Kansas NRRSK levels should be left 

undisturbed. 
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• The on-site disposal facility which will be l()cated OQ top· of the former lagoon 

are.e1 will receive excavated soils. an4 .seqiments and after proper grading wlil 

be capped with 18 .inch~s ofcompacted <;lay followed with 6 inches of topsoil 

and proper seeding. The engineering design of the on-site disposal facility; 

incluciing. the engineering specifi<;ations and QA/QC plans, will be competed 

~d presented in the RAWork P.lan, 

• The elevation of that portion of the former lagoon area which will receive 

excavated soils and sediments and be covered by an 18" clay cap .and 6" of 

topsoil should be. raised to .prevent groulldWlit~r lllld ·surfac.e water interaction. 

The entire surface ofthe fonn:er h1goon area should be•.raised e1 IllinimUIT1 of at 

least three feet in order· to prevent interfacing between the groundwater and 

surface water . 

.e The existing cap on the former lagoon area should be rep·aired as needed, .and 

the entire area recontoured to provide proper drainage. 

• No action should. be taken regarding doWn gradient groundwater, inasm,uch as 
.the groundwater is not impacted by contaminants of concern. 

• The visible sediments in the pathway of Unnamed ·Creek between the west 

boundary .ofthe Site and DrumCreekshoulci be removed' and.consoli'ctated 

onto the former lagoon area as outlined' in Section 3.4:2 ofthlsRAD. 

• No action.shmlid be taken regarding any sediments in Dtum Creek in view of 

the fac~ th~t the water quality in Drum Creek is essentially not impacted by 

contamiilants,ofconcem, and .sediment removal could be more harmful than 

leaving·the sediments in place. 

• All penriits required fQr implementation of the RA Work Plan, including .the 

Army Corps of Engine.ei"s Section 404. Permit-for removal ·of sediment from 

the Unnamed Creek, will b~ obtained prior to the start of construction 

activ:ities. 
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6.8· Soil Removal: 

Sections 6. 7 and 6.8 of this RAD Report describe in more detail the components of the 

proposed Removal Action alternative for .impacted on-site soils and sediments from the 

Unnamed Creek. 

The proposed soil.removal alternative includes the total or parti'al removal ofSite .soils 

exceeding the NRRSK and disposal of the excavated soils at an on-site disposal facility. 

The on.,.site. disposal facility will be placed on the surface ofthe previously closed lagoon 

area .. The following presents a list of the steps that Will be employed in. soil removal; 

• Determine the e"~ent ofcohtaininatiort by analysis. 

• Determine areas to be removed, 

• Remove the top six inches of sp~cified areas. 

• Sample the next six inches. for determining -if additional excavation is needed. 

• If below NRRSK,.place a minimum ofs1x :inches ofd~an soil over the excavated 

areas, grade and re;..vegetat~. 

• If above NRRSK, remove an additional six inches and re-sampie. 

• Repeat .the previous two steps until 18 inches of surface soil. material is removed, 

if requfred. 

• Determine the areas where more!th4fl ·18 inches of surface soilexcavation is 

needed 

• Determine whether .to continue excavating below 18 inches with 6 inch 

increments ·Or to cap and leave in place. 

The·excavated soils will be. physically removed and hauled onto the area designated for 

on-site disposal of excavated soils. The on-site disposal fadJity, following the 

placefuerttand grading of the disposed. soils-and sediments, will be capped with. 18 inches 

of compacted clay liner followed with 6 'inches oftopsoil and proper seeding. 
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To prevent interfacing between surface water and groundwater, the entire former lagoon 

area, including the disposal facility, will be elevated a minimum of three feet. 

The excavated areas will be covered with a minimum of six inches of clean soil, graded 

for proper drainage and seeded. The areas that require more soil for proper drainage will 

receive additional soil and be properly graded. 

The following presents a list of steps that will be used in removal and disposal of soil 

material from the EPA Repository: 

• Conduct soil sampling around sampling point #18 to determine the boundaries of 

soil material to be excavated. 

• Remove the soil material exceeding the NRRSK. 

• Conduct confirmatory sampling to assure that all of the soil material exceeding 

NRRSK is removed. 

• Grade the excavated area andre-vegetate. 

6.9 Sediment Removal: 

All of the visible sediments removed from Unnamed Creek will be placed onto the 

prepared area in the former lagoon area for placement and clay capping. The amount of 

sediments to be removed is estimated to be approximately 2,500 cubic yards. There are 

isolated pockets of shallow surface water in varying locations along Unnamed Creek. 

These have been created by erosion or by agricultural equipment moving through the 

area. These small isolated pockets will be graded when the sediments are removed to 

prevent water ponding in the future. Listed below are the Removal Action steps for this 

alternative for Unnamed Creek. 

• Remove all visible sediments as outlined in Section 3.4.2 in this RAD. 

• Place the sediments in the former lagoon area to be clay capped. 
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• Grade are~ of Creek bed with clean soil where grading is necessary to maintain 

slope. 

6.10 Proposed Removal Action Plan with Tasks and The Sequence of 

Implementation: 

The Consent Order provides that upon approval of this RAD Report by KDHE, including 

any revisions required to address KDHE comments, the revised RAD Report will be 

incorporated into the Consent Order as Exhibit 5 thereto. 

The Consent Order further requires that within 30 days after KDHE issues its final 

Removal Action Decision, the Respondents are required to submit a draft RA Plan to 

KDHE. Within 30 days after KDHE provides its comments on the draft RA Plan, the 

Respondents are required to submit a revised RA Plan to KDHE, which addresses 

KDHE's comments. Upon KDHE approval, the revised RA Plan will be incorporated 

into the Consent Order as Exhibit 6 thereto. 

Implementation of the RA Plan will proceed in accordance with the following schedule 

of Tasks: 

Task 1: Develop and submit a Work Plan to KDHE for RA Plan implementation. 

Task 2: 

Task 3: 

Task4: 

Task 5: 

Task 6: 

Prepare revised Work Plan to address KDHE comments. Obtain needed 

access and permits. Negotiations regarding performance of RA Work 

Plan with KDHE as required by the Consent Order. Obtain permits and 

complete access agreements. 

Prepare bid documents, conduct pre-bid job walk and obtain bids. 

Award RA contract. 

Mobilization. 

Flag the Site grid system. 

Conduct Site soil sampling to verify boundaries of the contaminated 

areas. 
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Task 7: 

Task 8: 

Task 9: 

Task 10: 

Task 11: 

Task 12: 

Task 13: 

Task 14: 

Task 15: 

Task 16: 

Task 17: 

Conduct soil sampling at the EPA Repository Area around sampling point 

#18. 

Develop maps outlining the boundaries of the contaminated areas 

at the Site for contaminated soil removal, including the EPA Repository. 

Obtain permit for borrow area and conduct geotechnical testing. 

Mobilize equipment. 

Prepare on-site disposal area to receive contaminated soil and sediments. 

Prepare borrow area for operations. 

Start excavation of soils above the NRRSK from Site. 

13.1 Remove top six inches of specified areas. 

13.2 Sample the next six inches to determine if additional excavation is 

needed. 

13.3 Below NRRSK, place minimum of six inches of clean soil over the 

excavated areas, grade and re-vegetate. 

13.4 Above NRRSK, remove additional six inches and resample. 

13.5 Repeat the above steps until 18 inches of soil material is removed. 

13.6 Determine areas where soil excavation will be carried below 18 

inches. 

13.7 Continue excavation below 18 inches, if needed, using the 

established procedures described above. 

13.8 Determine the areas where capping and restrictive covenants will 

be necessary. 

Start contaminated soil excavation from EPA Repository Area. 

14.1 Remove soil material exceeding the commercial NRRSK. 

14.2 Conduct confirmatory sampling to assure that all of the soil 

material exceeding NRRSK is removed. 

Grade excavated areas with clean soil and re-vegetate. 

Cap and vegetate the areas where impacted soils below the 18-inch depth 

will be left in place. 

Flag areas for sediment removal in the Unnamed Creek surface water 

pathway. 
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Task 18: 

Task 19: 

Task 20: 

Task21: 

Task 22: 

Task 23: 

Remove sediments and transport to on-site disposal area. 

Grade and backfill, as appropriate, the excavated areas in the Unnamed 

Creek drainage area. 

Cap andre-vegetate the on-site disposal area and construct fence. 

Implement land reclamation plan at borrow area and re-vegetate. 

Demobilization. 

Prepare As-built Drawings and Certification Document for job 

Completion. Includes development of a Post-Closure Care Plan. 

6.11 Schedule for Implementing the Proposed Removal Action Plan: 

Respondents estimated schedule for implementing the RA Work Plan is as shown on 

Page 52, subject to adjustment for seasonal construction factors. 

6.12 Mitigative Measures During Construction 

During the construction of the preferred removal alternative, certain construction 

activities may impact the environment. These activities and the proposed mitigative 

measures are identified below: 

1. Excavation of the Contaminated Soil Material 

2. 

During the excavation of the contaminated soils, potential environmental 
impacts will be dust generated by these activities and rainfall 
over the disturbed areas. 

Mitigative measures to be applied include: spray of water for dust control 
and controlling the run-off during the rain events. The storm run-off 
management plan, which will be developed for construction activities, will 
address the mitigative measures for erosion control and prevention of 
contaminated run-off from disturbed areas leaving the work area. 

Other earthwork activities including placement of excavated contaminated 
soil material, placement of soil and clay cap, excavation and transportation 

of borrow material, and other construction activities associated with the 
project. 
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The. mitigative measures· Will beth~ s~e as. listed above • 

DucingtheRemoval ofthe:Sediments from Unhaim:d Cr_eek 

The sediment removal from :Unnamed Creek will be carried out dUring the 
dry season .. For dust control, when required, there will be .sprayiQg of· 
water. In order .to control the transportation ofsediments from the 
excavation areas in a do\Vnstreain direction,, the excavation areas will be . 
. protected from pote11tial stream flow ·by placement of earth dikes or 
placement oftemporary culverts. 

4, Domestic.ated animals entering .the work areas. 

Efforts will.be made with the adjacent property owners to keep the. 
domesticated animals: out ofth~. Site in separate fields and away from 'the 
Site .. 

During the construction activities, all necessary mitigative.m~asures in.additlon to those 

listed above will be Implemented in order to minimize the potential. impact from the 

project on the enyironmel1t. 

6.13 Protection ofthe Site Following Completion of RA Construction 

Th~ at:~as tha~ will require protection after completion of the RA construction include the. 

disposal atea!aild the areas with· continuing .restrictive covenants. The disposal area wm 

be fenced in with a 6 feet ~hain link fence a11cl· ~th a minimum oftwo gates to provide 

access to the. disposal area. 

SJ 
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Table 1 

Sediment Samples rrom Unnamed Creek near the National Zinc Site- Cherryvale, Kansas 

Mercury Arsenic Cadmium Chromium Lead Zinc 
Sample (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) , (fllg/Kg) pH 
S-1 0.059 21.20 20.60 11.20 163.00 1470.0 6.90 
S-2 0.070 41.50 32.50 11.30 233.00 2150.0 6.81 
S-3 0.086 15.80 44.80 11.00 189.00 3290.0 7.45 
S-4 0.240 40.30 51.60 12.80 546.00 11900.0 7.22 
S-22 0.098 23.20 333.00 17.40 606.00 14600.0 7.67 
S-5 0.560 37.80 704.00 19.00 1190.00 16500.0 7.47 
S-6 0.170 5.94 68.70 7.68 238.00 2850.0 7.45 
S-19 0.046 18.00 511.00 15.60 368.00 32900.0 7.70 
S-18 0.088 58.10 177.00 9.49 192.00 3600.0 7.38 
S-9 0.160 15.20 79.30 13.20 145.00 2170.0 7.48 
S-8 0.064 0.92 23.50 6.96 9.42 1010.0 7.38 
S-7-01 0.130 30.70 430.00 14.00 473.00 10300.0 7.43 

S20-BG1 
S21-BG2 

0.089 
<0.025 

6.97 
11.90 

3.98 
8.94 

14.10 
25.40 

22.40 
70.30 

131.0 
59.6 

7.79 
7.83 
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Table 2 

' 
Sediment Samples (rom Drum Creek near the National Zinc Site - Cherryvale, Kansas 

Mercury Arsenic Cadmium Chromium Lead Zinc 
Sample (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) pH 
S-15-08 0.038 2.30 1.80 8.68 8.87 49.9 7.46 
S-14-07 0.052 1.81 1.70 8.20 16.00 81.2 7.06 
S-14-06 0.180 3.17 2.55 9.70 24.50 94.6 7.17 
S-10-02 0.086 7.16 4.63 13.90 20.60 78.8 6.40 
S-11-03 0.099 11.40 90.40 11.70 144.00 3680.0 7.16 
S-12-04 0.120 13.90 73.00 13.50 223.00 5950.0 7.50 
S-13-05 0.100 8.84 71.10 18.60 109.00 1520.0 7.36 
S-16-09 0.046 1.66 1.77 8.86 10.10 49.6 7.22 
S-17-010 0.051 18.50 14.30 11.60 48.20 517.0 7.03 

S20-BG1 
S21-BG2 

0.089 
<0.025 

6.97 
11.90 

3.98 
8.94 

14.10 
25.40 

22.40 
70.30 

131.0 
59.6 

7.79 
7.83 
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Table 3 

Water Samples from Unnamed Creek near the National Zinc Site - Cherryvale, Kansas 

Suspended 
Hardness Mercury Arsenic Cadmium Chromium Lead Solids 

Sample (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) Zinc (moiL) (mg/L) 
W-1 1600 <0.000100 <0.00500 0.039 <0.0100 <0.00500 1.6300 10 
W-2 910 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.7910 <5.0.0 
W-17 470 0.0002 <0.00500 0.498 0.0365 0.585 35.9000 3780 
W-3 280 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.6950 7 
W-16 320 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.2860 18 
W-6 300 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.3540 <5.00 
W-5 310 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.2240 <5.00 
W-4-01 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.0322 10 
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Table 4 

Water Samples from Drum Creek near the National Zinc Site- Cherryvale, Kansas 

Suspended 
Hardness Mercury Arsenic Cadmium Chromium Lead Solids 

Sample (mgtq (mg/L~ (mg/L~ (mg/L~ (mg/L~ {mg/L) Zinc (mgtq {mg/L~ 
W-13-08 220 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 79 
W-12-07 250 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 <5.00 
W-11-06 230 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 16 
W-7-02 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 7 
W-8-03 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 33 
W-9-04 230 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.1320 58 
W-10-05 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.0544 130 
W-14-09 250 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 60 
W-15-010 220 <0.0001 00 <0.00500 <0.00100 <0.0100 <0.00500 0.0204 189 



SAMPLING 
POINT DATE MERCURY 

1 6/24/03 BDL 
2 6/24/03 BDL 
3 6/24/03 BDL 
4 6/24/03 BDL 
5 1/30/04 BDL 

6 l/30/04 BDL 
7 6/24/03 BDL 
8 1/30/04 BDL 

9 6/24/03 BDL 
10 1/30/04 BDL 

11 6/24/03 BDL 
12 6/24/03 BDL 
13 6/24/03 BDL 
14 6/24/03 BDL 
15 1/30/04 BDL 

16 3/1/04 BDL 

17 1/30/04 BDL 

18 3/1/04 BDL 

19 3/1/04 BDL 

TABLE S 
WATER QlJALITY ANALYTICAL DATA 

DRUM CREEK 

ARSENIC CADMIUM CHROMIUM LEAD 

BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL 0.027 BDL 

BDL BDL 0.024 0.00938 
BDL BDL BDL BDL 
BDL 0.01 12 0.0961 0.0358 

BDL BDL BDL BDL 
BDL BDL 0.069 0.0251 

BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL BDL BDL 
BDL BDL 0.028 BDL 

BDL BDL BDL BDL 

BDL BDL 0.028 BDL 

BDL BDL BDL BDL 

BDL BDL BDL BDL 

• Blue indicates low water levels and is reported in the Analytical Report 
• Red indicates bigh water levels 
• Black indicates normal water levels 
Note: Parameters are in mg/L 

0.002 0 0.005 
MCL's 

0.1 0 5 

SAMPLING 
ZINC LOCATION 

BDL W13-D8 
BDL W12-D7 
BDL W11-D6 
BDL W7-D2 
BDL Upstream same 

location as #4 
0.034 Effluent 
0.0322 W4-Dl 

1.07 (Confluence) same 
location as #7 

0.132 W8-D3 
0.0152 7 5 Ft downstream 

same as #9 
0.132 W9-D4 
0.0544 W10-D5 
BDL WJ4-D9 

0.0204 W15-Dl0 
0.0205 Low water crossing 

Same location as # 14 
BDL Low water crossing same 

Location as # 14 and 15 
0.036 300 Ft below low 

water crossing 
BDL 300 Ft below low water 

crossing same as # 1 7 
BDL 2 miles downstream 



SAMPLING 

TABLE6 
SEDIMENT ANALYTICAL DATA 

DRUM CREEK 

POINT I DATE I MERCURY I ARSENIC I CADMIUM I CHROMIUM I LEAD I ZINC SAMPLING LOCATION 

11.6 48.2 

Note: Parameters are in mg/L 

· .. --~~~~~~-/: :.·,. . 

' 

300Ft dqwnstream from #5 
Sl3·D5 

49.6 I Main Street bridge 
Sl6-D9 

517 



fABLE 7 ) 

Aquatic Life Support Criteria Calculations Based on K.A.R. 28-16-28 

I I I _I 
Hardness Cadmium Chromium ----WEif (mg/L) I(IJg/L)_ Acute Criterion Chronic Crit~!~ tl:!g!L) Acute Criterion Chronic Criterion Sa!!J~~-10 __ f-1 ---------- ----~--·--

W7-D2 240 12.1 4.90 3693 171 
'lfl-D2i!::!L_ 1 2~~ 12.1 4.90 ~~ 3693 17i 

-·---- r--·--··--- -- f--·- ··--------
Effluent 1 220 11.0 4.57 24 3439 1&1 
--·-- t-·-----t------ 1------ ----- ·- ------ ---- . ---- ---- ------ --
W4-D1 1 240 12.1 4.90 3693 171 
W4-D1 (H) r--· 240 -------- --·------- - -- ---- --- . --- - - - -- . ---- .. -- -

1 11.2 12.1 4.90 96.1 3693 171 -
W8-D3 1 240 12.1 4.90 3693 111 
W8-D3 (H) 1 240 12.1 4.90 69 3693 171 
W9-D4 1 230 11.6 4.73 3567 170 ---- -- --------
W10-D5 1 240 12.1 4.90 3693 177 -:· 

W14-D9 1 250 12.7 5.06 3819 183 
W15-D10 1 220 11.0 4.57 3439 164 
W15-D10 (f-!) 1 220 11.0 4.57 28 3439 164 --· ----------- -
LWC-300 1 

-----·- --------
--- ---- ---- ------ ----- ----- -- --- --- -- ------ -------- ------

Hardness Lead Zinc 
Sample 10 WER '(mg/L) '(IJg/L) Acute Criterion Chronic Criterion '(IJg/L) -- Acute Criterion Chronic Criterion 
W7-D2 ___ -·----- -----

1 240 249 9.7 252 252 --------- ------- -···-··-- -----·- ------- -------··--- --- --·-- --· -· ----
W7-D2 (!::!}.._ 1 -· 240 249 9.7 252 252 -----· --- ------------
Effluent 1 220 9.38 223 8.7 34 234 234 ------ ------ ·-----240 ---------- ------- ----- ------------- -
W4-D1 1 249 9.7 32.2 252 252 
W~:Q1Jt!L- 1 240 35.8 f--- 249 9.7 1070 252 

1---------
252 ---1 1-------· 1-------- ---------!---------

W8-D3 240 249 9.7 132 252 252 
W8-D3 (H) 1 240 25.1 249 9.7 15.2 252 252 
W9-D4 1 230 236 9.2 132 243 243 
W10-D5 1 240 249 9.7 54.4 252 252 
W14-D9 1 250 262 10.2 260 260 
W15-D10 1 220 223 8.7 20.4 234 234 
W15-D10 (H) 1 220 223 8.7 20.5 234 234 
LWC-300 

-- --- -
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K A N 5 A 5 
RODERICK l. BREMBY, SECRETARY KATHLEEN SEBELIUS, GOVERNOR 

DEPARTMENT OF HEALTH AND ENVIRONMENT 

March 1 0, 2003 

William C. Anderson, Esq. 
Doerner, Saunders, Daniel & Anderson, LLP 
Suite 500 
320 South Boston Avenue 
Tulsa, Oklahoma 74103-3725 

David L. Smiga, Esq. 
General Attorney 
US Steel 
600 Grant Street, Rm 1500 
Pittsburgh, PA 15219-2800 

Re: National Zinc Site, Cherryvale, Kansas 
Consent Order Case No. 03-E-0022 

Dear Mr. Anderson and Mr. Smiga: 

Attached for your review and signature by your respective clients, is the final Consent 
Order for the National Zinc Site in Cherryvale, Kansas. Please return the document with the 
original signature of the authorized representative to me at the address below. I will then forward 
it to the secretary of the Kansas Department of Health and Environment for signature. Thank you 
for your assistance in this matter. 

~~ 
Erika Bessey 
Attorney 

enclosure 

pc: Jean Underwood (with enclosure) 

OFFICE OF THE SECRETARY 
Legal Services 

CURTIS STATE OFFICE BUILDING. 1000 SW JACKSON ST .. STE. 560. TOPEKA. KS 66612-1368 
Voice 785-296-5334 Fax 785-296-7119 http://www.kdhe.state.ks.us 
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A Removal Action can be defined as a prompt response action to actual or imminent threats to human 
health and/or the environment. Removal Actions are conducted to mitigate releases or potential 
releases of contaminants to minimize potential exposure or threats to health and the environment. 
Removal Actions under this Scope of Work (SOW) include: 

Drum, waste or contaminated soil removal; 
Security fencing or other measures to prevent access; 
Construction of drainage controls, stabilization of release mechanisms; 
Capping of contaminated surficial areas; 
Providing an alternate water supply; and 
Preventing exposure to human health and/or the environment. 

This SOW for a Removal Site Evaluation and Removal Action (RSEIRA) provides an outline to 
abate, prevent, minimize, stabilize, mitigate or eliminate the release or the threat of release of a 
contaminant(s) from the site. Conditions considered appropriate for a Removal Action are defined by 
the National Oil and Hazardous Substances Contingency Plan (NCP) §300.415 (b-1) and include: · 

I) Actual or potential exposure to human health and/or environment from a hazardous 
substance(s), pollutant(s) or contan1inant(s); 

2) Actual or potential contamination of drinking water supplies or sensitive ecosystems; 

3) High levels of hazardous substances(s), pollutant(s), or contaminant(s) in soils largely at 
or near the surface which may migrate and act as source areas to contaminate adjacent 
soi Is. sediment, surface and ground water; and 

4) Other situations or factors posing a threat to public health, welfare, or the environment. 

The RSE/RA is intended to be a flexible process in which portions can be waived or modified upon 
discretion of the KDHE Project Manager. 

The primary objectives of the Removal Site Evaluation (RSE) are described as follows: 



I ) Detem1ine the extent of contamination by contaminants of concern and evaluate the 
threat to human health and/or the environment; 

2) Detem1ine the migration of and the chemical/physical properties of the contaminants; 

3) Collect the data necessary to select an appropriate removal action; and 

4) Gather a sufficient amount of data to support the design parameters of the proposed 
removal action. 

The RSE may be waived if adequate site information is present in another form, i.e. as a Screening Site 
Inspection or Expanded Site Inspection (SSI or ESI), KDHE approved Preliminary Investigation (PI), 
Comprehensive Investigation (CI) or equivalent investigation if the designated KDHE Project Manager 
agrees that adequate infollllation exists which meets the objectives noted above; and if the investigation 
indicated a removal action is appropriate. If the RSE is waived the process can proceed directly to the 
Removal Action (RA) phase, with the existing investigative data summarized and/or included in the 
Removal Action Design (RAD) Plan. 

The primary objectives of the Removal Action Design (RAD) are described below: 

I) To evaluate the feasibility, effectiveness, and cost of at least two (2) viable removal 
actions based on the findings of the RSE and to evaluate the "no action" alternative; 

2) To recommend and justify a specific removal action for the site consistent with long 
term remedial goals; 

3) To detelllline the health and environmental effects of the Removal Action; 

4) Establish up- and down-gradient ground water monitoring criteria for the performance 

of the Removal Action; and 

5) To provide adequate documentation to support the Removal Action as being 

consistent with long-term remedial goals in the absence of a Corrective 

Action Study (CAS) if the KDHE Project Manager has determined that a CAS 

is not necessary for the site. 

This SOW outlines the activities to be completed as part of the RSEIRAD. A Work Plan describing in 
detail the RSE/RAD activities must be developed and submitted to KDHE for review and approval. In 
addition, the Work Plan shall include the following section or appendices as appropriate: 1) Removal 

Site Evaluation Plan; 2) Quality Assurance Project Plan; 3) Health and Safety Plan; and 4) Removal 
Action Design Plan. An implementation schedule of all RSE/RAD activities outlined in this SOW 

should be included in the RSE/RAD Work Plan. 
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REMOVAL SITE EVALUATION 

The RSE shall at a minimum include the following components: 

1.0 A review of available information and documented findings; 

2.0 A description of the physical characteristics of the site including the geology, soils, 
hydrogeology, surface hydrology, land use, and meteorology, at a minimum; 

3.0 Detailed description ofthe type(s) of contaminants involved, release characteristics and 
contaminated media; 

. 4.0 Procedures used to determine the nature and extent of the contaminant(s) and evaluate the 
transport pathways; 

5.0 A screening risk assessment appropriate for determining site risk and removal goals may be 
required. The KDHE Project Manager will establish the need for and the scope of the risk 
assessment. The risk assessment should concentrate on the specific impacts and exposure 
threats the removal is to address in order to evaluate potential threat to human health and the 
environment, and establish appropriate removal action response goals. 

REMOVAL ACTION DESIGN REPORT 

The RAD shall evaluate at least two possible removal action alternatives from data collected. The 
removal action alternatives and "no action" alternative shall address threats to human health and the 
environment. The evaluation shall include: 

I) Summary ofRSE work completed (if appropriate); 

2) Description of contaminants of concern, including a discussion and summary of 
data collected (with appropriate QNQC and data validation information); 

3) An evaluation of possible exposure pathways including areal extent of 

contaminants of concern; 

4) Removal action goals and appropriate action levels; 

5) A description of at least two potential removal action alternatives and a "no 
action" alternative for the site, including an evaluation· of the effectiveness of the 
removal action alternatives in terms of the long term remedial objectives and 

reduction of risk to health and the environment; 

6) A comparison and justification of the costs of each removal action; 



7) A consideration of appropriate regulations, ARARs, etc. pertinent to each 
removal action alternative evaluated; 

8 ) Selection of an appropriate removal action giving adequate supporting rationale 
for its selection based on the above defined criteria. Necessary plans, diagrams, 
etc. to implement the proposed removal action should be included; and, 

9) Establishment of adequate post-removal confirmation sampling to detem1ine 
removal action perfonnance. 

REMOVAL ACTION PLAN 

If determined necessary by the KDHE Project Manager after approval of the RAD, a Removal Action 
Plan containing additional designs, technical specifications, etc. of the preferred removal alternative will 
be submitted to K.DHE for review and approval according to the KDHE-approved schedule. 

Note: For those removal actions which the KDHE Project l\'lanager has determined will entail 

long-term monitoring or constitute a portion of a longer term remedial action, the removal 
action process should be consistent with the remedial action (investigation /remediation) for 
the site. The removal action alternative selected should be consistent with the preferred 
alternative selected in the Corrective Action Decision for the site. For example, the CAS 
may identify the previously implemented removal action in addition to institutional controls 
and long-term monitoring as the preferred alternative, if appropriate. 

REMOVAL ACTION SUMMARY REPORT 

A Removal Action Summary Report shall be submitted after completion of the removal action 
performed according to the K.DHE-approved RAD. The Removal Action Summary Report shall 
include a tina! summary of removal action activity and an evaluation ofthe post-removal action 
conlirmation sampling relative to removal action goals. 

COMMUNITY RELATIONS ACTIVITIES 

A Public Information Program (Policy #BER-RS-002) should be followed for all activities under this 
SOW. An NCP-consistent Community Relations Plan (CRP) may be necessary at certain sites and 
will be implemented upon discretion of the K.DHE Project Manager. 
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Exhibit 3 
Schedule of Deliverables and Milestones 

for the 

Removal Site Evaluation (RSE)/Removal Action Design (RAD)/Removal Action (RA) 

Deliverable Due Date 

Commence Implementation ofRSE Work Plat *Within 30 Days of Execution of the Consent 
Order. 

Submit Draft RSE/RAD Report Within 180 Days of Execution ofthe Consent 
Order. 

Submit Final RSEIRAD Report Due within 30 days of receipt ofK.DHE 
comment on the Draft RSE/RAD Report. 

Submit Draft RA Work Plan** Due within 30 days of effective date ofK.DHE 
removal action decision. 

Submit Final RA Work Plan Due within 30 days of receipt ofK.DHE 
comment on the Draft RA Work Plan. 

Commence Implementation afFinal RA Work To be established in amendment to Consent 
Plan Order. 

Submit Draft and Final RA·Summary Reports To be established in amendment to Consent 
Order. 

Submit Operations and Maintenance (O&M) To be established in amendment to Consent 
Reports Order. 

Community Relations Plan (CRP) or Public As necessary, K.DHE will prepare the CRP or 
lnfom1ation Plan (PIP) PIP. 

Submit Quarterly Progress Reports Due quarter-annually upon or before the 
anniversary of the effective date of the 
Consent Order. 

*-As described in Paragraph 35 of the Consent Order, the RSE Work Plan COITesponds to Phase 2 (Plan 
lor Field Sampling and Construction oflnterim Drainage System) of the September 2002 Revised Plan 
(or Former National Zinc Site. 

** - Including detailed RA implementation schedule (e.g., Gantt chart) and O&M plan. 
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BEFORE THE KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT 
Charles Curtis Building 

IN THE MATTER OF: 

POLLUTION AT 

NATIONAL ZINC SITE, 

CHERRYVALE, KANSAS. 

1000 SW Eighth Street 
Topeka, Kansas 66612-1368 

) 
) 
) 

) 
) 
) 
) 

CONSENT ORDER 
Case No. 03-E-0022 

PRELIMINARY STATEMENT 

The parties hereto, the Kansas Department of Health and Environment ("KDHE"), and 

United States Steel Corporation and Salomon Smith Barney Holdings, Inc. (hereinafter 

"Respondents"), having agreed that settlement of this matter is in the best interests of all 

parties and the public, hereby represent and state as follows: 

1. KDHE is a duly authorized agency of the State of Kansas, created by act of the 

legislature. 

2. KDHE has general jurisdiction of matters involving hazardous substance and 

hazardous substance cleanups under the authority of the Kansas Environmental 

Response Act (K.S.A. 65-3452a et seq.), as well as hazardous waste and its clean 

up (K.S.A. 65-3430 et seq.) and has general authority and responsibility to protect 

the waters and soils of the state under the authority of K.S.A. 65-161, et seq. 

3. The Respondents agree to undertake all actions required by the terms and conditions 

of this Consent Order. In any action by KDHE to enforce the terms of this Consent 

Order, the Respondents agree not to contest the authority or jurisdiction of the 
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Secretary of Health and Environment to issue this Consent ·order. 

4. This Consent Order shall apply to and be binding upon KDHE and the Respondents, 

their agents, successors, and assigns. The signatories to this Consent Order certify 

that they are authorized to execute and legally bind the parties they represent to this 

Consent Order. No change in the ownership or corporate status of the Respondents 

shall alter its responsibilities under this Consent Order. 

5. The Respondents shall provide a copy of this Consent Order to the City of 

Cherryvale, Kansas, which is the owner of the majority of the Site identified in 

Paragraph 9 hereof, and shall further request said City to provide a copy of this 

Consent Order to any subsequent owners or successors before ownership rights are 

transferred. The Respondents shall provide a copy of this Consent Order to all 

contractors, subcontractors, laboratories, and consultants which are retained to 

conduct any work performed under this Consent Order, within fourteen (14) days 

after the effective date of this Consent Order or the date of retaining their services. 

Notwithstanding the terms of any contract, Respondents are responsible for 

compliance· with this Consent Order and for ensuring that their contractors and 

agents comply with this Consent Order. 

6. Neither entry into nor performance of this Consent Order shall constitute or be 

construed as an admission or acknowledgment by either Respondent of any fact, 

legal issue, or conclusion of law, or of any liability, fault or responsibility, or of a 

waiver of any rights, privileges, or defenses, by either of them, or as evidence of 

such with respect to the Site described in Paragraph 9 below and the surrounding 

environment, nor shall it be admitted in evidence against Respondents in any 

proceeding other than a proceeding by KDHE to enforce this Consent Order, and 
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Respondents expressly deny any liability, fault or responsibility with respect to said 

Site. 

7. The Findings of Fact and Conclusions of Law made by KDHE as set forth below are 

not admitted by Respondents. However, solely for the purposes of this Consent 

Order, and subject to the provisions of Paragraph 6 above, Respondents consent 

that said Findings of Fact and Conclusions of Law shall govern and control their 

obligations, rights and duties under this Consent Order. 

8. . While the Respondents to this Consent Order do not admit liability for the 

contamination at the Site identified in Paragraph 9 hereof and the surrounding 

environment, nevertheless they agree to enter into this Consent Order to undertake 

the activities contained in the approved Work Plan and Scope of Work as described 

below. 

FINDINGS OF FACT 

9. The National Zinc Site (the USite") is located at the northwestern city limits of 

Cherryvale, Montgomery County, Kansas. The geographic coordinates of the Site 

are 39° 42' 30.0" North latitude and 96° 25' 00" West longitude. The Site is located 

in Section 8 in Township 32 South, Range 17 East and is illustrated in the attached 

map incorporated herein as Exhibit 2. 

10. The Site consists of approximately 360 acres including the former National Zinc 

smelter facility on the northern edge of Cherryvale, Kansas. Review of historical 

information indicates that the Edgar Zinc Company began construction of a primary 

lead and zinc smelter at the Site in 1898. The facility initially was constructed with 

1,800 retorts and three furnace buildings. By 1908 the smelter facility had 4,800 

retorts and 24 furnaces. By 1928 the facility had four (4) massive ore roasters and 
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24 furnaces in operation. This facility was recognized as the largest zinc smelter in 

the world until World War I. At least one half of the demand for primary zinc 

production was for galvanizing purposes. 

11. The facility operated as the Edgar Zinc Company until sometime after 1928, when 

it was reorganized as the National Zinc Company. Production appears to have 

declined through the 1930s when most active operations· ceased. 

12. Sludges and liquid wastes contaminated with heavy metals were contained in large 

settling ponds covering approximately 23 acres. The lagoons were used to contain 

runoff from an estimated 2,000 tons of slag and roasted ore. The National Zinc 

smelter facility permanently terminated operations on December 24, 1976. 

Presently, the Site contains the encapsulated former lag·oon, several abandoned 

buildings and building foundations, and the remains of the smelter operations. 

13. Incidents of surface water contamination in the 1950s were reported to KDHE by 

adjacent property owners when contaminated water breached the large pond. On 

April 1976, the Site was investigated by KDHE following complaints from farmers 

regarding visual observations of contamination in Drum Creek and concern over the 

possibility of a fish kill or cattle illness from surface water consumption. KDHE 

personnel also inspected the Site on September 27, 1977 for possible surface water 

or groundwater pollution associated with facility runoff and seeps. At the request of 

KDHE, limited response actions were initiated at the Site by the National Zinc 

Company in October 1977. Beginning in 1979, approximately 95 million gallons of 

fluid from the lagoon were treated and discharged into the adjacent Drum Creek. 

Ore and sludge were removed from the Site; some of the remaining sludge 

(approximately 300 tons) was encapsulated on-site. The lagoon was filled with dirt 
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and top soil, treated with lime, and planted with grass. Five monitoring wells were 

installed in the western and southern edges of the large pond. Analytical results of 

groundwater samples collected in 1982, 1983, and 1984 showed high levels of 

cadmium and lead. 

14. A restrictive covenant limiting use or development of part of the property was 

prepared in 1983 and still governs a majority of the Site. The City of Cherryvale 

currently owns the majority of the property containing the former National Zinc 

smelter. 

15. In 1995 KDHE conducted additional sampling at the Site. Lead was detected at a 

maximum of 176,750 mg/kg, cadmium at 2,816 mg/kg, and arsenic at a maximum of 

240 mg/kg in soils. Cadmium was detected in surface and groundwater up to 0.111 

mg/1. In July 1996, sediment/sludge sampling indicate-d lead up to 1,786 mg/kg, and 

cadmium in surface water up to 0.347 mg/1 on-site in standing water. Preliminary 

Assessment (PA) and Site Inspection forms were completed by KDHE in 1981 and 

the Site was assigned the CERCLA Identification System (CERCUS) identification 

number KSD980406698. 

16. In 1999 KDHE conducted a Brownfields Targeted Assessment (BTA) of the Site 

which included extensive sampling across the Site. Soils, subsurface soils, 

groundwater, surface water and sediment were sampled during the BTA. The 

maximum X-ray fluorescence (XRF) detection for lead during the BTAwas 160,000 

mg/kg and the maximum laboratory detection for le.ad was 120,800 mg/kg. The 

maximum detection for arsenic in soils was 306 mg/kg and the maximum cadmium 

detection was 1,488 mg/kg . 

17. Toxicity Characteristic Leachate Procedure (TCLP) data collected for the BTA 
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indicated exceedences for cadmium (TCLP threshold 1 mg/1) and lead (TCLP 

threshold 5 mg/1) in several samples. Lead indicated a maximum TCLP detection of 

288 mg/1, well over its TCLP threshold of 5.0 mg/1. The maximum cadmium TCLP 

value indicated was 70.2 mg/1. 

18. Lead and cadmium were detected in groundwater at maximum detections of 0.136 

mg/1 and 3.062 mg/1 respectively, above respective Maximum Contaminant Levels 

(MCLs) during the BTA. 

19. Surface water analytical results .obtained during the BTA indicated a maximum 

detection for lead of 1.789 mg/1, cadmium at 2.965 mg/1 and arsenic at 0.063 mg/1. 

Sediment samples also indicated a maximum lead detection of 668.24 mg/kg, a 

maximum cadmium detection of 88.42 mg/kg, and a maximum arsenic detection of 

289.82 mg/kg. 

20. KDHE conducted a Phase I Removal Site Evaluation (RSE) of the Cherryvale 

Residential Yards site adjacent to the Site in 2001. Multiple residential yards were 

identified to be impacted with lead, cadmium and arsenic above KDHE residential 

Risk-based Standards for Kansas (RSKs). KDHE referred the site to United States 

Environmental Protection Agency (EPA) Region VII for initiation of a Fund-lead 

removal action consistent with the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP). The Action Memorandum was completed in August 2001. 

A Phase II RSE was also conducted by KDHE to screen additional residential yards 

for heavy metals contamination. To date 34 residential yards have been addressed 

through the EPA-lead removal action. 

21. KDHE completed the Expanded Site Inspection (ESI) at the Site in 2001. Additional 

surface water sampling indicates off-site impacts from zinc and cadmium to surface 
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water. Off-site impacts from lead, cadmium, mercury, and zinc to sediments were 

also identified during the ESI. The Site is ready for preparation of a Hazard Ranking 

System (HRS) package for inclusion to the National Priorities List (NPL). 

· 22. The investigations thus completed have documented releases from the Site of heavy 

metals, especially lead, cadmium, and arsenic, to on-site soils, surface water, 

sediments and groundwater, to off-site residential soils, sediments and surface 

water, and potentially to off-site groundwater. These constituents are hazardous 

substances as defined in § 302.4 of the NCP and as adopted by the Kansas 

Environmental Response Act, K.S.A. 65-3452a. 

· 23. KDHE has completed a Potentially Responsible Party (PRP) search for the facility 

and identified Respondents as PRPs through a series of acquisitions and mergers. 

24. The above investigations have determined that the soils and groundwater at the Site 

are contaminated by hazardous substances and hazardous wastes which are the 

result of one or more releases of hazardous substance(s) and hazardous waste(s). 

25. The contamination of the grou·ndwater beneath the Site and the potential for 

·contamination to groundwater at adjacent areas is causing or threatens to cause 

pollution of the waters of the State or is or threatens to become a hazard to persons, 

public health, or safety. 

CONCLUSIONS OF LAW 

26. Respondents are "persons" within the meaning of K.S.A. 65-164 et seq., K.S.A. 65-

3430, et seq., and K.S.A. 65-3452a, et seq. 

27. The presence of the contaminants identified in the groundwater underlying the Site 

constitutes "pollution" as defined by K.S.A. 65-171d. 

28. Some of the contaminants identified in the groundwater underlying the Site are 
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"hazardous subs~ances" as defined by K.S.A. 65-3453 and "hazardous wastes" as 

defined by K.S.A. 65-3430. 

29. The area defined in Paragraph 9 and identified as the Site constitutes a "site" within 

the meaning of K.S.A. 65-3453. 

30. The facts above constitute: 

A. the discharge, abandonment, or disposal of hazardous substances or 

hazardous wastes; 

B. the pollution of the land or waters of the state or the threat of pollution of the 

land or waters of the state; 

C. a hazard to persons, property or public health or threatens to become a 

hazard to persons, property or public health. 

31. Under the facts as shown above, the KDHE has concluded, and the Secretary has 

confirmed, that there is a need for a response action to prevent a continuing release 

or threat of release of hazardous substances. 

32. The evaluation of such discharges is necessary to determine the potential threat to 

public health and safety and the environment. If a potential threat exists, the clean 

up of such discharges is necessary to remove the pollution or hazard and to protect 

the public health and safety and the environment, giving rise to the authority of the 

KDHE to enter this Consent Order. A necessary part of this evaluation is an 

investigation of the nature and extent of the threat to the public health or welfare or 

the environment caused by the release or threatened release of hazardous 

substances, pollutants, or contaminants on or from the Site. 

33. The KDHE has authority to enter the Consent Order herein, and to make the Findings 

of Fact and Conclusions of Law herein stated. 
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34. The Secretary of Health and Environment is authorized by K.S.A. 65-3453, K.S.A. 

, 65-164,et seq., K.S.A. 65-3430,et seq. and the regulations issued pursuant thereto 

to enter an order confirming the agreement of the parties, and ordering the actions 

and obligations required by the foregoing findings offact and conclusions of law. The 

parties hereto agree to the following activities and the commitments. 

ORDER 

35. "Respondents have submitted, and KDHE approved on November 26, 2002, the 

Revised Plan for Former National Zinc Site (Revised Plan) which consists of five (5) 

phases: Phase 1-Develop Framework for Revised Plan; Phase 2-Pian for Field 

Sampling and Construction of Interim Drainage System (Phase 2 Work Plan); Phase 

3-Develop Corrective Action Plan; Phase 4-Develop a Work Plan for Construction 

Activities; and, Phase 5-Execute the Construction Work Plan. The Revised Plan 

(consisting of the original Revised Plan submitted to KDHE September 16, 2002 and 

Amendment No. 1 submitted November 22, 2002) is incorporated herein as Exhibit 

4. The investigative and mitigative measures described in the Phase 2 Work Plan are 

consistent with applicable. Removal Site Evaluation (RSE) portions of the Scope of 

Work (SOW) attached hereto, marked Exhibit 1. Subsequent corrective measure 

development and design, as part of Phases 3 and 4, is to be consistent with 

applicable Removal Action Design (RAD) portions of the attached SOW. As 

referenced in Paragraph 77 hereof, execution of Phase 5 activities will be addressed 

in a future amendment to this Consent Order or execution of an additional Consent 

Order consistent with applicable removal action (RA) portions of the attached SOW. 

All documents and deliverables will be identified consistent with terminology used in 

the attached RSE/RAD/RA SOW. 
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36. Within thirty (30) days from the effective date of this Consent Order Respondents 

shall commence the implementation ofthe tasks detailed in the approved RSE Work 

Plan (Phase 2 of the above described Revised Plan); within thirty (30) days from the 

effective date of this Consent Order or after obtaining necessary access rights,· 

Respondents shall commence the implementation of the off-site tasks detailed in the 

approved RSE Work Plan (Phase 2 of the above described Revised Plan). The work 

shall be conducted in accordance with the standards and specifications in the RSE 

Work Plan. 

37. Within one hundred and eighty days (180) days from the effective date of this 

Consent Order, Respondent shall submit a draft RAD Report for KDHE approval; 

provided, KDHE shall grant an extension of this one hundred and eighty (180) day 

submittal date to the extent necessary due to any significant delays that may be 

encountered by Respondents in obtaining required off-site access rights. The draft 

RAD Report is to be prepared consistent with the RSE/RAD/RA SOW and is to 

specifically include a summary of RSE work completed. 

38. KDHE shall provide comments on the draft RAD Report. Within thirty (30) days of 

receipt of KDHE's comments, Respondent shall submit for final approval a revised 

RAD Report that addresses KDHE's comments. Upon KDHE approval, the revised 

RAD Report shall become incorporated into this Consent Order and a part thereof 

as Exhibit 5. 

39. Within thirty (30) days of issuance of the KDHE final Removal Action Decision, 

Respondent shall submit for KDHE approval a draft RA Plan consistent with the 

Removal Action Decision and the RSE/RAD/RA SOW. 

40. KDHE shall provide comments on the draft RA Plan. Within thirty (30) days of receipt 
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of KDHE's comments, Respondent shall submitforfinal approval a revised RA Plan 

that addresses KDHE comments. Upon KDHE approval, the revised RA Plan shall 

become incorporated into this Consent Order and a part hereof as Exhibit 6. 

41. Respondents shall provide preliminary and final reports and plans to KDHE according 

to the deliverables and ·milestones schedule contained in Exhibit 3 in a form 

responsive to KDHE's comments. After KDHE reviews the preliminary report or plan 

and after KDHE reviews the final report or plan, KDHE shall notify Respondents in 

writing, of KDHE's approval or disapproval of the report or plan or any part thereof. 

KDHE may also notify Respondents in writing of KDHE disapproval of Respondents' 

implementation of the approved RSE Work Plan. 

42. In the event of any KDHE disapproval of a submitted report or plan or disapproval of 

Respondents' implementation of the approved RSE Work Plan, KDHE shall send 

Respondents a Notice of Disapproval delineating the deficiencies, requiring revisions 

to the reports or plan or modified work to cure the deficiencies in the work and 

setting a schedule for response by Respondents, provided however that any such 

requirements are consistent with the objectives of the Work Plans and Consent 

Order. 

43. Thereafter, Respondents shall amend and submit to KDHE revised reports to cure 

the deficiencies in the reports in accordance with KDHE's requirements. 

44. Subject to the dispute resolution provisions set forth herein, KDHE may determine 

that additional tasks are necessary, in addition to those identified in the deliverables 

and milestones schedule contained in Exhibit 3, to complete the SOW attached 

hereto as Exhibit 1 (other than implementation of any remedial alternative that may 

be selected by KDHE, such implementation being outside the scope of this Consent 
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Order) and to enable KDHE to promptly select a remedial alternative. KDHE may 

request Respondents to implement any such additional tasks within a timeframe 

specified by KDHE. Failure by Respondents to implement additional tasks as 

requested by KDHE, shall be considered a violation of this Consent Order. 

45. All work performed pursuant to this Consent Order shall be under the direction and 

supervision of a professional engineer or geologist licensed in Kansas with expertise 

in hazardous waste site investigations and remediation. Within thirty (30) days of the 

effective date of this Consent Order, Respondents shall notify KDHE in writing of the 

name, title, and qualification of the engineer or geologist, and of any contractors or 

subcontractors and their personnel to be used in carrying out the terms of this 

Consent Order. 

46. Any reports, plans, specifications, schedules and attachments required by this 

Consent Order are, upon approval by KDHE, incorporated into this Consent Order. 

Any noncompliance with such approved reports, plans, specifications, schedules, and 

attachments shall be considered a violation of this Consent Order. 

47. No informal advice, guidance, suggestions, or comments by KDHE regarding reports, 

plans, specifications, and any other writing submitted to Respondents will be 

construed as .relieving Respondents of their obligation to obtain written approval, if 

and when required by this Consent Order. 

QUALITY ASSURANCE 

48. All samples analyzed pursuant to this Consent Order shall be analyzed using 

laboratory .methodologies approved by KDHE. 

49. All sample collection and analysis shall be performed in compliance with the approved 

Work Plan, including scheduling of analyses, documentation of sample collection, 
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handling and analysis. 

Laboratory analytical report forms shall be submitted to KDHE for all analytical work 

performed pursuant to this Consent Order. Any deviations from the procedures and 

methods set forth in these ~ocuments must be approved in writing by KDHE prior to 

use. Respondents will notify KDHE in writing within five (5) working days of notice 

or knowledge of a potential deviation from prescribed procedures or methods. Such 

notice shall provide information as to the nature of the deviation, if known, and outline 

a proposed investigation to determine whether the sample or results are potentially 

representative or should not be considered valid. If the results cannot be validated 

by evaluation of the Quality Assurance/Quality Control procedures, historical data, 

or laboratory protocol, Respondents will resample upon KDHE's approval and 

discretion. Respondents will notify KDHE at least seven (7) days before conducting 

resampling. Failure to follow the above procedure for notification of deviations will 

be considered violations of this Consent Order and will be subject to an administrative 

penalty of $1,000 per violation and the data resulting therefrom shall be invalid. 

51. Respondents shall use the quality assurance, quality control, and chain of custody 

procedures specified in the Quality Assurance Project Plan, which is part of Appendix 

8 of the RSE Plan, for all sample collection and analysis performed pursuant to this 

Consent Order, unless otherwise agreed to in writing by KDHE. 

. 
52. All contracts for field work shall provide that KDHE representatives are allowed 

access, for auditing and evaluation purposes, at reasonable times upon reasonable 

request, to all personnel utilized by Respondents for sample collection and analysis 

and other field work. Upon request by KDHE, the laboratories shall perform analysis 

of a reasonable number of known samples provided by KDHE to demonstrate the 
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quality of the analytical data. 

REPORTING 

53. Respondents shall provide KDHE with written progress reports quarterly, pursuant 

to the effective date of the Consent Order. At a minimum, these progress reports 

shall: (1) describe the actions, progress, and status of projects which have been 

taken toward achieving compliance with this Consent Order, as well as the actions 

which are scheduled for the next quarter; (2) identify any requirements under this 

Consent Order that were not completed as provided and any problem areas and 

anticipated problem areas in complying with this Consent Order; and (3) include all 

results of sampling, tests, data, and conclusions drawn from data generated pursuant 

to the Work Plan(s). 

ACCESS 

54. KDHE and any of its agents or contractors are authorized by Respondents to enter 

and freely move about all property at the Site, subject to Respondents' obtaining 

access rights to the Site from the City of Cherryvale or other owners thereof for the 

purposes of, inter alia; interviewing site personnel and contractors; inspecting 

records, operating logs, and contracts related to the activities set out in the Work 

Plan; reviewing the progress of Respondents in carrying out the terms of this Consent 

Order; conducting such sampling and tests as KDHE deems necessary; using a 

camera, sound recording, or other documentary type equipment; and verifying the 

reports and data submitted to KDHE by Respondents. Respondents shall permit 

such persons to inspect and copy all records, files, photographs, documents, and 

other writings, including all sampling and monitoring data, that pertain to work 

undertaken pursuant to this Paragraph. 
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55. To the extent that work required by the Work Plan must be done on property not 

owned or controlled by Respondents, Respondents shall use their best effort to 

obtain site access agreements from the present owner(s) of such property within 

sixty (60) days of the effective date of this Consent Order. Best efforts include, but 

are not limited to, reasonable payment of monies to the property owner. Any such 

access agreement shall be incorporated by reference into this Consent Order. In the 

event that agreements for site access are not obtained within thirty (30) days of the 

effective date of this Consent Order, Respondents shall notify KDHE regarding both 

the lack of and their failure to obtain such agreements within seven (7) days 

thereafter. In the event that KDHE obtains access for Respondents, all costs 

incurred by KDHE shall be reimbursed by Respondents. Upon KDHE's obtaining 

access for Respondents, Respondents shall undertake approved work on such 

property. KDHE shall not be responsible for any injury or damage to persons or 

property caused by the negligent or willful acts or omissions of Respondents, their 

officers, employees, agents, successors, assigns, contractors, or any other person 

acting on Respondents' behalf in carrying out any activities pursuant to the terms of 

this Consent Order. 

SAMPLING AND DATA/DOCUMENT AVAILABILITY 

56. Respondents shall make available to KDHE all results of sampling, tests, or other 

·• 

data generated by or on its behalf with respect to the implementation of this Consent 

Order. Respondents shall submit these results in the progress reports described in 

the "Reporting" section ofthis Consent Order. KDHE will make sampling results and 

other data available to Respondents. 

57. Respondents shall notify KDHE at least seven (7) days before conducting any well 
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drilling, installation of equipment, or sampling. At the request of KDHE, Respondents 

shall provide or allow KDHE or its authorized representatives to take split samples 

of all samples collected by Respondents pursuant to this Consent Order. Similarly, 

at the request of Respondents KDHE shall allow Respondents or their authorized 

representatives to take split or duplicate samples of all samples collected by KDHE 

under this Consent Order. KDHE shall notify Respondents at least seven (7) days 

before conducting any sampling under this Consent Order, provided, however, that 

if seven (7) days notice of. sample collection activity is not possible, KDHE and 

Respondents shall give such advance notice to enable each party to have a 

representative present during said sample collection activity. 

· RECORD PRESERVATION 

58. Respondents agree that they shall preserve, during the pendency of this Consent 

) Order and for a minimum of six (6) years after its termination, all records and 

documents which have not previously been provided to KDHE in its possession or in 

the possession of divisions, employees, agents or consultants or contractors which 

relate in any way to this Consent Order or to hazardous substance and hazardous 

waste management and disposal at the site. At the conclusion of six (6) years, 

Respondents shall then make such records available to KDHE for inspection or 

KDHE's retention or shall provide copies of any such records to KDHE. 

STIPULATED PENALTIES 

59. For each period of time that Respondents fail to submit reports or deliverables at the 

times set out in Exhibit 3 which is part of this Consent Order, Respondents shall pay 

as stipulated penalties the following: $1,000 for the first week of delay or part 

thereof; $2,000 per day for each day of delay for the 8th through 14th day; and. 
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$4,000 per day of delay thereafter. Any stipulated penalties shall be payable within 

twenty-one (21) days after Respondents' receipt of demand by KDHE and shall be 

paid by certified check to: 

Secretary of Health and Environment 
Attn: Bureau of Environmental Remediation 
Administration 
1000 SW Jackson Suite 410 
Topeka, Kansas 66612-1367 

A copy of the check and a transmittal letter shall be sent to the KDHE contact 

specified herein. Respondents shall each remit a check for the full amount of penalty 

stated in the demand. 

60. Should Respondents fail to comply with a time requirement of any tasks required by 

this Consent Order, the period of noncompliance shall terminate upon Respondents' 

performance of said requirement. 

. OTHER CLAIMS AND PARTIES 

61. KDHE and Respondents retain their respective rights to assert claims against other 

persons not parties to this Consent Order, and nothing in this Consent Order shall 

constitute or be construed as a release for any claim, cause of action or demand in 

law or equity against any person, firm, partnership, or corporation not a signatory to 

this Consent Order for any liability it may have arising out of or relating in any way 

to the generation, storage, treatment, handling, transportation, release, or dispos~?l 

of any hazardous constituents, hazardous substances, hazardous wastes, pollutants, 

or contamina.nts found at, taken to, or taken from the Site. 

OTHER APPLICABLE LAWS 

62. All actions required to be taken pursuant to this Consent Order shall be undertaken 
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in accordance with the substantive requirements of all applicable local, state, and 

federal laws and regulations. 

PROJECT COORDINATORS 

63. On or before the effective date of this Consent Order, KDHE and Respondents shall 

each designate a Project Coordinator. Each Project Coordinator shall be responsible 

for overseeing the implementation of this Consent Order. The KDHE Project 

Coordinator will be KDHE's designated representative. To the maximum extent 

possible, all communications between Respondents and KDHE and all documents, 

reports, approvals, and other correspondence concerning the activities performed 

pursuant to the terms and conditions of this Consent Order, shall be directed through 

the Project Coordinators. The parties agree to provide at least seven (7) days 

written notice prior to changing Project Coordinators. The absence of the KDHE 

Project Coordinator from the Site shall not be cause for the stoppage of work. 

NOTIFICATION 

64. Unless otherwise specified or until written notification is provided by any of the 

parties, reports, notice or other submissions required under this Consent Order shall 

be in writing, or by facsimile, or upon prior verbal approval from the KDHE contact, 

email transmission and shall be sent to: 

a. For KDHE: 
E. Jean Underwood 
Bureau of Environmental Remediation 
Administration 
1000 SW Jackson Suite 410 
Topeka, Kansas 66612-1367 
(785) 296-1681 
Fax: (785) 296-7030 
Email: junderwo@kdhe.state.ks.us 
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b. For United States Steel Corporation: 

David L. Smiga, Esq. 
General Attorney 
US Steel 
600 Grant Street, Rm 1500 
Pittsburgh, PA 15219-2800 
Fax: (412) 433-2811 
Email: DLSmiga@uss.com 

AND 

Chuck Wentz 
U.S. Steel Corporation 
P.O. Box 336 
George West, Texas 78022 
Fax: (361) 449-2892 
Email: CNWentz@uss.com 

c. For Salomon Smith Barney Holdings, Inc.: 

Ellen O'Brien, Esq. 
300 St. Paul Place BSP07D. 
Baltimore, Maryland 21202 
Fax: (410) 322-2947 
Email: obriene@citi.com 

AND: 

William C. Anderson, Esq. 
Doerner, Saunders, Daniel & Anderson, LLP 
Suite 500 
320 South Boston Avenue 
Tulsa, Oklahoma 74103-3725 
Fax: (918) 591-5362 
Email: wanderson@dsda.com 

d. For Engineer Designated in Accordance with Paragraph 45 
Altay M. Ertugrul, P.E. 
A&M Engineering and Environmental Services, Inc. 
10010 E. 16th Street 
Tulsa, OK 74128-4813 
Fax: (918) 665-6576 
Email: aertugru I@ a and mengineering. com 
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REIMBURSEMENT OF COSTS 

65. Three (3) months after the effective date of this Consent Order and quarterly 

thereafter, KDHE shall submit to Respondents an accounting of all oversight costs 

incurred by KDHE with respect to this Consent Order during the previous three (3) 

month period. 

66. Based on the data developed by EPA in the Expanded Site Investigation Report and 

by KDHE in the Brownfields Targeted Assessment Report, KDHE does not presently 

believe that a Baseline Risk Assessment is necessary for the Site. However, if 

KDHE determines a Baseline Risk Assessment is appropriate, Respondent may, at 

its option, perform such assessment for submittal to KDHE for approval. In this event 

the Respondent shall pay KDHE's contractor to review the assessment on behalf of 

KDHE. In the event the Respondent elects not to perform the assessment, KDHE 

shall submit to Respondent an accounting for the cost of performing the Baseline Risk 

Assessment. Upon receipt of such accounting, Respondent agrees to reimburse 

KDHE for such amount in accordance with Paragraph 69 below. KDHE agrees to 

use a qualified contractor to perform such Risk Assessment. 

67. If KDHE determines that a Community Relations Plan is appropriate with respect to 

this Consent Order, it shall submit to Respondents an accounting for the cost of 

development of a Plan for Community Relations, and implementation of such Plan, 

Upon receipt of such accounting, Respondents agree to reimburse KDHE for such 

amount in accordance with Paragraph 69 below. KDHE agrees to perform such work 

itself or use a qualified contractor to develop and implement such Plan. 

68. KDHE shall submit to Respondents the cost of preparing and maintaining the 
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Administrative Record with respect to this Consent Order, including but not limited to 

photocopying, assembling, mailing, updating, storage and other maintenance 

services. Upon receipt of such accounting, Respondents agree to reimburse KDHE 

for such amount in accordance with Paragraph 69 below. 

69. KDHE shall submit to Respondents an accounting of all oversight costs incurred by 

KDHE with respect to this Consent Order during the previous fiscal year. 

Respondents shall each, within thirty (30) calendar days from receipt of this and 

quarterly accounting, remit a check for one-half of the total amount of those costs 

made payable to the Secretary of Health and Environment. Checks should 

specifically reference the identity of this Site, and should be addressed to: 

Secretary of Health and Environment 
Attn: Bureau of Environmental Remediation 
Administration 
1000 SW Jackson Suite 41 0 
Topeka, Kansas66612-1367 

A copy of the check and transmittal letter shall be sent to the KDHE contact specified 

herein. 

DISPUTE RESOLUTION 

70. If Respondents disagree, in whole or in part, with any decision by KDHE pursuant to 

this Consent Order, Respondents shall notify KDHE within thirty (30) days of receipt 

of the decision. The parties shall then have an additional thirty (30) working days tQ 

attempt to resolve the dispute. If an agreement is reached, the resolution shall be 

reduced to writing, signed by each Party and incorporated thereupon into this 

Consent Order. If agreement is not reached, KDHE shall issue a final written 

decision on the dispute. 
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71. Respondents reserve their right to appeal any decision of the KDHE, which is not 

consistent with law or which is arbitrary or capricious concerning a dispute under this 

Consent Order, to an administrative body with applicable jurisdiction and thereafter 

in compliance with the Kansas Administrative Procedures Act. The final decision or 

resolution of the applicable authority or court shall be incorporated as a part of this 

Consent Order. For purposes of this Consent Order, final order or decision shall 

mean an order or decision from which no appeal may be taken. 

72. In the event that Respondents seek dispute resolution concerning a date for 

performance of an act set out in the Work Plan, the date for performance of such act 

shall be extended for a period equal to the delay resulting from the invocation of the 

dispute resolution provisio"n. However, such extension does not alter the schedule for 

performance of completion of other tasks required by this Consent Order unless also 

specifically altered by the amendment of this Consent Order. 

73. However, in the event that it is determined that dispute resolution was not sought in 

good faith, adm-inistrative penalties may be assessed at the rate of $1,000 per day 

for each day of delay caused by such invocation of the dispute resolution provisions. 

FORCE MAJEURE 

7 4. Delays that result from causes not foreseeable and beyond the Respondents' control 

and which cannot be overcome by due diligence shall not be a violation of the 
.. 

Respondents' obligations under this Consent Order. The Respondents shall notify 

KDHE orally as soon as possible, but no later than five (5) business days after the 

Respondents know of any delay or anticipated delay in compliance with the 

requirements of this Consent Order, and in writing no later than ten ( 1 0) business 

days after the oral notification of the delay. The written notice shall describe the 
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nature of the delay, whether and why the delay was unforeseeable and beyond the 

control of the Respondents, the actions taken and/or that will be taken to mitigate, 

prevent and/or minimize further delay, and the anticipated length of the delay. The 

Respondents shall adopt all measures to avoid or minimize such delay. To the extent 

a delay is caused by circumstances beyond the control of the Respondents, or those 

resulting from delays caused by KDHE or any third party not under the control or 

employment of any of the signatories hereto, the schedule shall be extended for a 

period equal to the delay resulting from such circumstances. Such an extension does 

not alter the schedule for performance or completion of other tasks required by this 

Consent Order which are unaffected by such unexpected delay events, unless also 

specifically altered by amendment of this Consent Order. Failure to comply with the 

notice provision of this section may be grounds for KDHE to deny the Respondents 

an extension of time for performance. Unexpected delay events do not include 

unanticipated or increased costs of performance, changed economic circumstances, 

or normal precipitation events (having due regard for seasonal fluctuations). If KDHE 

determines that the delay as stated in the Respondents' written notice to KDHE was 

not due to unexpected delay events, an administrative penalty may be assessed as 

provided in Paragraph 59. 

EFFECTIVE DATE AND SUBSEQUENT MODIFICATION 

.• 
75. This Consent Order shall become effective when signed by the Secretary of the 

Department of Health and Environment. This Consent Order may be signed in any 

number of counterparts, each of which shall be an original, and all of which taken 

together shall constitute a single instrument, with the same effect as if the signatures 

thereto were upon the same instrument. 
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76. This Consent Order may be amended by mutual agreement of KDHE and 

Respondents. Such amendments shall be in writing, shall have as their effective date 

the date on which they are signed by all parties, and shall be incorporated into this 

Consent Order. Nothing herein shall limit KDHE's ability to require additional tasks 

as set forth in Paragraph 44 herein. 

77. Following completion of the activities contemplated herein and final issuance of the 

KDHE Removal Action Decision, the Respondents shall negotiate in good faith with 

KDHE concerning a Removal Action (RA) Consent Order, or an Amendment to this 

Consent Order to address implementation of removal action activities. ·If either an 

Amendment or RA Order is not agreed to by the Respondents within sixty (60) days 

of KDHE approval of the Final RA Work Plan, the KDHE reserves the right to issue 

a unilateral administrative order to Respondents. In the event such a unilateral 

administrative order is issued by KDHE, Respondents reserve a Illegal and/or factual 

rights, privileges and defenses available to them to defend against said unilateral 

administrative order. 

TERMINATION 

78. The provisions of this Consent Order shall terminate upon Respondents' receipt of 

written notice from KDHE that Respondents have demonstrated that the terms of this 

Consent Order, including any additional tasks which KDHE has determined to be 

necessary have been satisfactorily completed. 

IN WITNESS WHEREOF, the parties have affixed their signatures below: 
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UNITED STATES STE:EL CORPORATI.QN: 

By:~ 
Title: General Manager, Environmental Affairs 
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SALOMON SMITH BAHNEYH,OLDINGS,.INC.: 

~~-r- ·o· ·~:.~ ~\. ~ 
By: Ellen T. O'Brien 
Title: Counsel 
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STATE OF KANSAS: 

Roderick L. Bremby, Se ary 
Kansas. Department of Health & 
Environment 
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CERTIFICATE OF MAILING 

I hereby certify that on this '::Ltb day of (~ , 2003, 
I deposited a true and tarred copy o~ the above and foregoing Consent Order in the United 
States Ma.il,. postage prepaid, an·d addressed to: · · 

William· G. Ariclerson 
Doerner .. Saunders, Daniel &.Anderson, LLP 
Suite 5.00 
320 South Boston Avenue 
Tulsa, Okl.ahoma74103-3725 

David L Srniga 
General Attorney 

.us Steel 
60.0 Grant Street, Rm 1500 
Pittsburgh, PA 15219-2800 
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c I. INTRODUCTION 

Salomon Smith Barney Holdings, Inc. and United States Steel Corporation (Respondents) 

proposed a Plan (The Plan) for the former National Zinc site (Site) in Cherryvale, Kansas. The 

Plan consisted of Parts 1 through 7, and was submitted to Kansas Department of Health and 

Environment (KDHE) on or around April 3, 2002 for review and comment. 

In preparing the ~tan, the Respondents and their consultant, A & M Engineering and 

Environmental Services, Inc. (A & M Engineering) reviewed the available reports and 

correspondence listed below and relied on the information included in these documents. 

a. The Expanded Site Inspection (ESI) Report (EPA l.D. KSD980-40698) and its 

appendices. 

b. The Brownfields Targeted Assessment (BTA) Report prepared by KDHE in 

December 1999. 

Respondents and their consultant also visited the Site on March 12, 2002 and met with KDHE at 

the Site and at the Cherryvale Library. The information obtained from discussions with the 

KDHE prior to, during, and after the Site visit was utilized in preparing the Plan. 

In a letter dated August 2, 2002, K.DHE related to Respondents their concerns and comments 

concerning the Plan and stated that they must be addressed to the Agency's satisfaction before 

KDHE will endorse the conceptual proposal. In Section II of this document, Respondents have 

set forth a response to KDHE's concerns and comments, and have addressed each comment 

separately. 
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The Revised Plan consists of five (5) phases, set forth in Sections IV through VIII hereof 

respectively. Phase 1 (Section IV) lists and presents the framework activities required for 

planning the initial field activities, which are presented in the Phase 2 Work Plan for Field 

Sampling and Construction for an interim Drainage System, hereinafter referred to as the 

"Phase 2 Work Plan" (Section V); Phase 3 (Section VI) provides for developing a Corrective 

Action Plan; Phase 4 (Section VII) provides for developing a Work Plan for Construction 

Activities; and Phase 5 (Section VIII) is to execute the Construction Activities Work Plan. 

Respondents are seeking the approval by KDHE of the Phase 2 Work Plan (Section V) at this 

time. Phases 3, 4 and 5 are presented only to provide the framework for the full Revised Plan 

required to complete the project. Upon completion of the Phase 2 Work Plan, the Work Plans 

for other phases will be developed in their proper sequence and KDHE approvals will be 

obtained prior to their implementation. 

The Phase 2 Work.Plan (Section V) has been developed to implement the initial soil, sediment, 

surface water sampling and also the proposed Hydrogeological Investigation Work Plan. In the 

Phase 2 Work Plan, Respondents are also proposing to implement an interim Drainage Plan to 

limit the storm runoff water that enters the previously closed pond surface. 

The information and data collected at the completion of the Phase 2 Work Plan will assist the 

Respondents in finalizing the Phase 3 Corrective Action Plan (Section VI) and obtaining KDHE 
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\~ approval before proceeding with final deve:loprnertt ofthe Phase 4 Work .Plan for :construction 

Activities (Section VII). 

As noted above, Respondents at this time request KDHE approvalto p~oceed with the .Phase. 2 

Work. Plan (S.ecdon V}, Ho.w.ever, before moving to Section II or this Revised Plan and setting 

forth Respondents' responses to KDHE's August 2 Comment Letter, Re~pondents.deem it 

important to bring one: matter to KDHE's attention at the outset: the. values for lead, arsenic and 

cadmium parameter~ included in the corisensus~based TECs listed in Table 2 of the paper 

provided by KDI:IE a$ an attachment to its August2 comment letter are. well bel'ow the 

background levels at the sl~e as measured by KDHE. Therefore, as is set forth more fully later irt 

~this docuiT1ent, Respondents b~li~ve that it"is not feasible to .. use the. consensus~bf1Sed TECs as. 

cleanup leveis. for strearn sediments. Respondents believe that cleanup levels that are· fully 

.adequate and protective. of the .environment .cari .be develo.ped without I"eliam:e on the Tab.le 2 

TECs, and a fr~r:nework for developing those cleanup levels is provided for herein~ 
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I \ II. RESPONSE TO KDHE CONCERNS AND COMMENTS INCLUDED IN 

AUGUST 2, 2002 LETTER 

The following presents the Respondents response to each KDHE comment. 

Comment I: Section II-7-d, Page 4- The text indicates that ground water 

contamination is likely not migrating offsite. This contention must be definitively 

established through ground water exploration and testing. In order to achieve finality for 

the site through the proposed remedy, this issue must be evaluated and resol~ed to 

KDHE 's satisfaction. While KDHE ha agreed that the soil data generated during the 

2001 Expanded Site Inspection (ESI) may be sufficient to guide the initial stages of 

( contaminated soil consolidation and encapsulation at the site, the ground water 

exploration completed during that investigation was not sufficient to support conclusions 

concerning the nature, extent, or potential for exposure or ecological impacts posed by 

that contaminated medium. KDHE deems it necessary to determine the impacts to 

ground water, their extent off site, if any, and the relationship between ground water and 

surface water and the contamination therein. This investigative element was discussed 

during our on-site meeting. /f. as the Work Plan suggests, the contamination is relatively 

immobile, the evaluation of its off-site impact should not be overly complex or 

burdensome. KDHE must consider both current and future use and identify the extent of 

contamination in ground water in order to evaluate remedial options and/or preclude any 

future potentia/for e.~posure through the implementation of meaningful and effective 
.. 

environmental use controls on affected properties on and off site. 
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' ' Response: Respondents have prepared and are proposing a Hydrogeological 

Investigation Work Plan which is presented in Appendix A. The Phase 2 Work Plan also 

proposes to implement the Hydrogeological Investigation Wor~ Plan. Following the 

completion of the proposed monitoring wells, Respondents will collect three monthly 

water quality and water level samples, as outlined in the Hydrogeological Investigation 

Work Plan and prepare a Phase 2 report which will present the information and data 

collected and also list the findings of the study and, if necessary, will also identify the 

applicable remedial options. All of the KDHE concerns listed in this comment will be 

addressed as part of the Phase 2 Work Plan and in the Phase 2 report. 

Comment 2: Section II-.:1- To enhance the effectiveness and permanence of the remedy. 

consider using fly ash or hydrated lime to stabilize the waste and reduce the mobility of 

the inorganic constituents of concern. 

Response: The contaminated soils and sediments will be removed in 6" layers, 

transported to the disposal area and spread with a dozer prior to compaction. 

Respondents note that during this process the contaminated soils will be well mixed and, 

under the proposed clay cap, will not leach any metal constituents. Therefore, 

Respondents believe that there is no need for additional stabilization of the removed soils 

and sediments by mixing with fly ash, hydrated lime or any other agent. Additionally, 

the disposal areas will be subject to deed restrictions where their future disturbance will 

be eliminated. Further, Respondents propose to construct an effective surface drainage 

system and cap for these areas. 
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Comment 3: Section l/--1- Before finalizing the remedial approach/or the site, KDHE 

recommends the Respondents discuss the proposed remedy with the current landowner 

(the City of Cherryvale) to evaluate their future use plans for the site and evaluate 

whether the remedy could be reasonably modified to accommodate those future uses. In 

addition, it may be appropriate at the conclusion of the project to revise the site deed 

restriction to accommodate unrestricted or non-residential/and use, as appropriate. in 

those portions of the site deemed free of soil and ground watzr contamination in excess of 

the Risk-Based Standards for Kansas (RSK) goals. 

Response: Respondents are in the process of scheduling a meeting with the City to 

discuss this Revised Plan and to learn more about the City's plans for future usage of the 

site so they may be considered in the planning and execution phases of the project. 

Respondents' attorneys have also established contact with the City Attorney and, in 

principle, have discussed using property owned by the City as a source of clay and topsoil 

needed for the project. This borrow area is the same one utilized by the EPA during the 

residential soil removal project. 

Comment 4: Section Ill, general comment- The Work Plan does not address the topic 

of long-term inspection and maintenance ofthe completed cap. This aspect of the remedy 

should be discussed; inadequate inspection and maintenance of the previous capping 

effort at the site led to failure of that remedy. 
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Response: A site inspection and maintenance plan will be developed under the 

requirements of the Phase 4 Construction Activities Work Plan and as a section of the 

Post Closure Care and Monitoring Plan. Respondents and their attorneys will discuss the 

site maintenance issues with the City of Cherryvale since it owns the property. 

Comment 5: Section III, general comment- The United States Environmental 

Protection Agency (EPA) constructed a temporary cap over the soil repository for 

material excavated from residential yards and the Rodeo Grounds during their recent 

removal action, allowing the Respondents greater control over the ultimate cost uf final 

capping. The Work Plan should address necessary improvements to that portion of the 

site to ensure the cap over those materials achieves the minimum construction standards 

and site remediation goals. 

Response: The Respondents are in contact with the EPA's Project Manager. EPA 

was planning to start the Land Survey of the disposal area where they placed the soil 

material excavated from the residential yards. EPA also informed the engineer that they 

placed a minimum of 6" of soil cover over the disposal area. Respondents are planning 

the following regarding the EPA's disposal area: 

l. Inspect the condition of the disposal area used by EPA. 

2. Obtain the land survey report and plot the data from that report on the site map to 

be used by Respondents. 

3. Conduct a Sampling Plan of the EPA disposal area as part of Phase 2 and as 

outlined in Appendix B. 
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4. Based on the findings of items l through 3 listed above, develop an activity in 

Phase 4 to grade and cap this area. 

Comment 6: Section /IJ-4-A. Page 7- The Work Plan does not include a protocol for 

collection of confirmation samples following excavation of soil lifts. The plan should 

specify the spatia/frequency. location, and methodfor collection and analysis of the 

confirmation samples. The text suggests that lead will be used as an indicator in 

determining the contaminated soil removal areas. Note that while the ES!findings 

indicated that arsenic contamination in excess of the KDHE non-residential RSK was 

largely co-located with lead contamination, this was not universally true; consequently. 

some areas may need to be addressed based on arsenic concentration. The constituents 

of concern, arsenic, cadmium and lead, should be included in confirmation sampling to 

verify the effectiveness of the soil removal. 

Response: Under the Phase 3 Corrective Action Plan, Respondents will develop and 

submit a Sampling Plan to K.DHE for review and approval which will include a protocol 

for confirmatory sampling of the excavated areas for soil and sediment removal and also 

for verification of the surface areas surrounding the identified excavation areas. The 

sampling protocol will require analysis of lead, arsenic and cadmium constituents in all 

samples. 

The arsenic and cadmium results ofKDHE sampling at the site were plotted on Figures 

3-1 and 3-2. None of the cadmium samples exceeded the RSK value of 1000 mg!Kg. 
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Figure 3-3 shows the areas exceeding the RSK values for lead and arsenic at the site. 

Figures 3, 3-l, 3-2 and 3-3 are included at the end ofthe text. 

Comment 7: Section 1/!-4-A, Page 7- The text suggests that any area exceeding the 

RSK goal for lead after excavation of 18 inches of waste will be capped in place. It may 

be more economical and appropriate to determine the depth of soil exceeding the RSK 

goal before beginning any excavation. KDHE defers to the preference of the 

Respondents on this matter. 

Response: Respondents will defer the decision whether to collect and analyze 

additional subsurface samples until after they meet with the City representatives and learn 

more about the City's plans for future usage of the site. If necessary, Respondents will 

either prepare an amendment to the Phase 2 Work Plan or include this sampling program 

in the Phase 3 Corrective Action Plan. 

Comment 8: Section 1/f-4-A, Page 7- The goals for a stabilization/encapsulation 

remedy of this sort are specifically to minimize infiltration of precipitation into the waste, 

promote good surface drainage, resist erosion, improve aesthetics, minimize long-term 

maintenance, protect human health and the environment, and consider final use. The 

Work Plan for capping does not include specific performance standards to ensure these 

goals are attained by the remedy. The proposed 18-inch infiltration layer should have a 

hydraulic conductivity less than or equal to the hydraulic conductivity of any bottom liner 

system or natural subsoils. Where underlying soils possess hydraulic conductivities 
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greater than 1 x 1 o·j centimeters per second, the infiltration layer should achieve 1 x 1 (Jj 

as a maximum permeability. The material used for the infiltration layer should, to the 

extent practicable, be free of rocks, clods, debris, cobbles. rubbish, and roots that may 

increase the hydraulic conductivity. The proposed cap should be adequate to withstand 

the local freeze-thaw conditions, which can be obtained/rom the Soil Conservation 

Service, local utilities, constntction companies, and local universities. While six inches 

of soil dressing to support vegetations is an appropriate minimum, that layer should be 

matched to the rot zone needs of the proposed final vegetation, which has not been 

specified in this preliminary work proposal. Please include these or alternative 

proposals for performance criteria for the contemplated cap. 

Response: Under the Phase 4 Construction Activities Work Plan, a Quality 

Assurance/Quality Control (QA/QC) Plan will be prepared and submitted to KDHE for 

approval. The QA/QC Plan will include procedures and specifications for selecting 

suitable clay and top soil material for construction of all the earthen components of the 

project. For clay material to be used f~r constructing the cap, permeability analysis will 

be performed along with development of windows information and, during the 

construction, compaction and moisture levels will be measured in order to assure that the 

compacted clay layers will meet the permeability requirements, which will be no greater 

than l x l o·7 centimeters per second. 

jl 
I , 
' 
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The QNQC Plan will meet the KDHE specifications for constructing clay cap, placement 

of vegetative and top soil (see Phase 3, (Section VI), paragraph 1 )), and proper selection 

and placement of seeding. 

Comment 9: Section fll-4-B, Page 9- The Work Plan proposes to use three times the 

arithmetic mean of the KDHE background sampling results co assess sediment impacts. 

This value is valid for assessment purposes at the CERCLA site screening phase but does 

not constitute an appropriate remedial goal. KDHE and the United States Fish and 

Wildlife Service (USFWS) are in the process of developing a sediment management 

strategy for the protection of freshwater ecosystems in Kansas. That strategy includes 

the use of consensus-based threshold effect concentrations (TECs). a composite goal that 

reflects current understanding of the contaminant level below which toxic effects are 

unlikely to be observed in the ecosystem. A copy of the Archives of Environmental 

Contamination and Toxicology article "Development and Evaluation of Consensus

Based Sediment Quality Guidelines for Freshwater Ecosystems" is enclosed; the 

consensus-based TECs are listed in Table 2. These numbers are appropriate for 

assessment ofthe site and as remedial goals for dredging; however, before commencing 

any dredging operations, the KDHE!Bureau of Environmental Remediation must 

coordinate those activities with and obtain the concurrence of the KDHE Bureau of 

Environmental Field Services (BEFS), the Kansas Department of Agriculture Division of 

Water Resources (KDAIDWR) and USFWS. Those groups are tasked with evaluating the 

affected stream reaches to determine whether dredging to remove contaminants will be 

beneficial or harmful to the local ecological communities, and determining whether any 
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dredging management measures or post-dredging restorative measures are warranted 

Once the Respondents have completed the sediment/surface water impact assessment 

phase described in the Work Plan and prepared a formal work proposal to address the 

affected stream reach(es). KDHE will review that proposal and site conditions with those 

stakeholders. Please revise the plan to include this sediment impact assessment and 

remediation strategy. 

Response: Respondents have reviewed the paper titled "Development and Evaluation 

of Consensus-Based Sediment Quality Guidelines· for Freshwater Ecosystems" provided 

by KDHE as an attachment to the August 2, 2002 letter. The consensus-based TECs 

recommended in this paper are far below the background levels for constituents of 

concern in Drum Creek sediments as measured by KDHE. The following presents a 

comparison ofTECs with KDHE sample results for sediment background concentrations 

for lead, cadmium and arsenic: 

Lead 

Arsenic 

Cadmium 

Consensus Based TEC 
Mg/Kg 

35.8 

9.79 

0.99 

Sediment Background in Drum Creek 
Mg/Kg 

36.11 

27.79 

3.76 

Respondents propose, as part of Phase 2, to conduct the sediment and surface water 

sampling plan presented in Appendix B in order to gather additional sediment and 

surface water quality data to determine the following: 
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1. Further define the background levels of parameters of concern. Sediment samples 

including the background samples taken from Drum Creek will be analyzed for 

lead, arsenic, cadmium, mercury, chromium and zinc. 

2. Collect a sufficient number of discreet sediment samples downstream from the 

point where the Unnamed Creek joins Drum Creek in order to study the level of 

environmental impact in Drum Creek and also to assist in developing cleanup 

levels for the parameters of concern. 

3. 

4. 

Collect sufficient number of sediment samples from Unnamed Creek in order to 

prepare an inventory of the location and volume of sediments to be removed. 

Surface water samples will be collected from approximately the same locations as 

the sediment samples in Drum Creek which will provide an indication as to the 

solubility of the parameters of concern in the sediments. 

5. When standing water or water flow in the Unnamed Creek is encountered, a 

sufficient number of surface water samples will be collected to determine the 

level of impact and also to compare with ground water samples to determine if 

there is any interaction between groundwater and surface water. 

6. By studying the data to be collected by the implementation of the Sampling Plan 
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proposed by the Respondents and the data previously collected by KDHE, 

Respondents will develop and propose cleanup levels for parameters of concern 

for sediments in Drum Creek and also the Unnamed Creek. 

7. Respondents will also utilize data from the Phase 2 report to make 

recommendations as to which areas, if any, in Drum Creek would sediment 

removal be warranted and of benefit to the environment. 

The surface water samples collected from Unnamed Creek and Drum Creek will 

be analyzed for lead, arsenic, cadmium, mercury, chromium and zinc. 

In addition, the following information will be collected from the flowing 

surface water samples in both creeks: specific conductance by EPA Method 

120.1, field temperature, total hardness as CaC01 and total suspended solids by 

EPA Method 160.2. 

Comment 10: Section /II-4-B. Page 9- The Work Plan suggests that "Respondents do 

not anticipate removing any sediments from Drum Creek at this time. " This may need to 

/ 

be re-evaluated in light of K.DHE comment 8 above. Please review the KDHE findings 

for Drum Creek relative to the TECs or site-specific background concentrations for the 

inorganic constituents of concern. 
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Response: As· stated. in. the response to Comment 9,. atthe completion of the Phase. 2 

Work Plan and Phase 2 report, sufficient data will b.e collect~d to examine if and where 

sediment removal from Drum Creek would be warranted and w~ether sediment removal 

would 'benefit ,short-term and long-tertn envi.ronment~l quality in that_ stream. 

Comment 11: Sect_ion !!I-4-C. Pqge -9- See comment Tabove regarding capping goals 

qnd minimum performance requirements: 

Response: See the response to Comment s·. 

Comment 12:. Section /II-4-F. Page 10 ,-See comment 1 .above regarding ground water 

contamination. 

Response: See the response to Comment 1. 

Comment 13: Section IV-Part 8, Task 3. Page 12 -See comment 8 (9) above r:egarciing 

sediment remediation goals. 

Response: 'See the response to Comment 9. 

Comment 14.~ Site figures -Please Include the EPA soil repository from .the residential 

yards/rodeo ground removal action qn the site figures. Also, it would be .help/u_l to 

include .the concentrations ofsite, contaminants other .than lead that were detected in. 
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surface soil during the KDHE ESI. where the extent of contamination in excess of 

remediation goals extended beyond the lead impact shown on Figure No. 3. 

Response: When the land survey infonnation is provided by the EPA, Respondents 

will plot the soil repository site on the appropriate drawings. Respondents are also 

planning to conduct a soil testing program of the EPA disposal area as part of Phase 2 for 

measuring the lead, arsenic and cadmium levels in the contaminated soils placed in the 

repository site, as outlined in Appendix B. 

The arsenic and cadmium sampling results are plotted on Figures 3-l and 3-2. Figure 3-3 

shows the areas exceeding the RSK values for lead and arsenic which generally coincide, 

with the exception of a small area north of the clo~ed lagoon. Figures 3, 3-1,3-2 and 3-3 

are included at the end of the text. 

Comment 15: Sampling and Analysis Plan, general- See comment 6 above. 

Response: See the response to Comment 6. 

Comment 16: Sampling and Analysis Plan, Sediment Sample Collection, Page 1-

Explain how composite results will be interpreted and how those interpretations will be 

applied for any remedial action deemed necessary, i.e., if a composite sample of I 0 

aliquots exceeds one tenth of the sediment action goal, will the entire sampled reach be 

considered for dredging? Also, it is unclear why so many samples are being dedicated to 
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the unnamed tributary segment when KDHE results indicated a significant impact 

throughout that stretch and beyo.nd the confluence with Drum Creek. More useful 

information might be obtained by focusing sediment and surface water characterization 

efforts further downstream where the limits of impact might be reached and defined. 

Response: The Revised Sampling and Analysis Plan presented in Appendix B 

requires that only discrete sediment samples be taken on the Unnamed Creek's drainage 

pathway for determining the location and the volume of sediments that will require 

removal. Discrete sediment sampling locations and the number of samples to be taken in 

the Unnamed Creek bed will be determined in the field. 

Respondents are also proposing to take discrete sediment samples from the Drum Creek 

channel at locations shown in Figure I in Appendix B. The Respondents' objective is to 

take samples where sediments are concentrated. The sampling locations shown on 

Figure 1 may be adjusted in the field in order to take samples from locations where the 

sediments are concentrated. 

Comment 17: Sampling and Analysis Plan, Sediment Sample Collection, Page 1 - The 

text indicates that KDHE background sample result values will be used, yet background 

samples are included in the sampling protocol and figure. The locations designated as 

background on the figure appear to be within an agricultural field. It is unclear how the 

Respondents propose to use results from these locations. 

17 



Response: The Revised Sampling and Analysis Plan presented in Appendix B 

eliminates background sampling locations for the Unnamed Creek. The previously 

proposed background samples in the drainage area feeding the Unnamed Creek are also 

eliminated. 

Respondents are proposing to take additional sediment background samples for Drum 

Creek in order to establish a better data base to be used in determining a reasonable set of 

clean-up levels for the contaminants of concern. Respondents are also of the opinion that 

background sediment levels determined to represent Drum Creek should at so be uti! ized 

for the Unnamed Creek since it feeds Drum Creek. Respondents are also preparing to 

utilize the KDHE background data along with the new data. 

Comment 18: Sampling and Analysis Plan, Water Sampling, Page 7- Surface water 

sampling is not included as a task element in the main work plan; however, KDHE deems 

that sampling appropriate. The Sampling and Analysis Plan initially indicates surface 

water samples will be collected along Drum Creek, and later that they will be collected 

along the unnamed drainage channel and Drum Creek. Surface water in the unnamed 

drainage, if present, should be collected to characterize the relationship between 

contaminated ground water and surface water. Surface water level gauging may also be 

a meaningful aspect of that effort. 

Response: The Revised Sampling and Analysis Plan presented in Appendix B 

requires sampling the standing surface water and if flowing surface water exists, it will be 
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sampled and all surface water samples will be analyzed for the parameters of concern 

(lead, cadmium, chromium, mercury, arsenic and zinc). 

At this time, Respondents do not believe that gauging on the Uru1amed Creek or Drum 

Creek will be necessary. 

Comment 19: Sampling and Analysis Plan, Water Sampling, Decontamination 

Procedures, Page 8- After cleaning sampling equipment with Alconox and prior to 

collecting any samples, the equipment should be thoroughly washed with deionized 

water. 

Response: The Revised Sampling and Analysis Plan includes a procedure to 

thoroughly wash the sampling equipment with deionized water prior to its use. 

Comment 20: Sampling and Analysis Plan, Analytical Parameters, Page 9 -

KDHEJBEFS has indicated that some additional surface water sample parameter 

analyses need to be conducted in order to assess and interpret surface water and 

sediment contamination meaningfully. Those parameters include: specific conductance 

by EPA 120.1, field temperature, total hardness as CaC03, and total suspended solids by 

EPA 160.2. Again, KDHEIBER will need to be coordinated with KDHEIBEFS, 

KDAIDWR, and USFWS after performing the initial sediment/surface water 

characterization activities and prior to initiating any stream remediation activities. 
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Response: The Revised Sampling and Analysis Plan includes procedures to measure 

the specific conductance by EPA Method 120 .l, field temperature, total hardness as 

CaC03 and total suspended solids by EPA Method 160.2. 

Comment 21: Sampling and Analysis Plan. Quality Control and Quality Assurance. 

Page 9- The frequency of duplicate samples must be specified Where reusable 

sampling equipment is employed to collect samples. equipment rinsate blanks should be 

collected at a rate of one per twenty investigation samples per medium or one per day per 

medium, whichever is less. to demonstrate that decontamination procedures are effective 

in preventing cross-contamination. 

Response: The Revised Sampling and Analysis Plan, Quality Control and Quality 

Assurance, Page 9, has been revised to specify a duplicate sample frequency of one 

duplicate per 20 field samples collected. 

The Revised Sampling and Analysis Plan also requires the following: where reusabk 

sampling equipment is employed to collect samples, equipment rinsate blanks will be 

collected at a rate of one per twenty investigation samples per medium or one per day per 

medium, whichever is less, to demonstrate that decontamination procedures are effective 

in preventing cross-contamination. 
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HI.. BACKGROUN_D lNFQRi',lATION 

The k~y •Site"sp~cific information obtained from the docum~nts above and considered in 

preparing the. Plan and this Revis~d Plan ~s listed as follows: 

1. 1'he s·ite. consists o'f approximately 360 acres .contai,rllng the t()rmer 

National Zinc .smelter facility on the northern edge of Cherryiale, Kansas. 

2. At the request .of KDHE, limited response. acti<ms were· iriitiated at the she by National 

Zinc Company inOetober 1977. Beginning in 1979, contaminated water{rom the 

lagoon wastreat~d artd discharged into. the adjacent Drum Creek. Ore and sludge were 

removed from the Site. Some of the.remaining sludge was treated with lime and 

encapsulated' on Sjte. The lagoon on the west side· of the Site was fiH~d with dirt and 

top soil and planted with grass. Five monitoring wells were installed on the western 

and ·southern edges of the lagoon. Analytical results of ground w:ater samples collected 

in. L982, 1983 and 1'984 showed high concentration levels ofcadmium and lead. 

In an April. 5, .1983 letter'fromKDHE to National Zinc, the Cleanup and ciosure ofthe 

surface impoundments were fo.und to be satisfactqry and, at the same time, KID HE 

instructed NationaL Zinc Cqmpany to perfonn ·some repair work of eroded areas and to 

continue ground water m<mito·ring on a quarterly b<l$is. Restrictive c:ovenants limitin_g. 

u_se ofthe Site w~re issued irt 1983 and.are.still in.effect. 

... 
. J. In 1'988, thl! Ciry of Cherryvale purchased the Site property . 
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4. KDHE inspected the Site in May 1995 follov .. ·ing a City of Cherryvale inquiry into 

possible restrictive covenant termination and re-development of the Site property. 

Surface water, soil, sediment and sludge/waste samples were obtained by KDHE. As a 

result of this sampling, Lead was detected at a maximum of 176,750 mg/Kg, above the 

non-residential Risk-Based Standard for Kansas (RSK) level of I ,000 mg/Kg. Cadmium 

was detected at 2,816 mg/Kg, above the Kansas non-residential RSK level of 1000 

mgrKg. The surface water and groundwater sampling results on Site exceeded Maximum 

Contaminant Levels (MCL) for Lead and Cadmium. 

5. Cadmium was detected in surface and ground water up to 0.111 mg/L, which is above 

the MCL ofO.OOS mg/L. In July 1996, sediment/sludge sampling indicated Lead of 

1,786 mg/Kg, which is above the non-residential RSK level of 1,000 mg/Kg, and 

Cadmium in surface water up to 0.347 mg!L in standing water on Site. 

6. On March 25, 1999, the City of Cherryvale submitted an application for KDHE to 

conduct a Brown.fields Targeted Assessment (BTA) on the Site. The application was 

accepted by KDHE in April of 1999. The chemical and physical data collected during 

the BT A assessment were also used in preparing the ESI Report and, therefore, the 

conclusions included in the ESI Report are similar to those in the BT A Report. 

Following are the statements included among the conclusions of the BTA report. 

'\ 
' a. The BT A identified a significant area of Lead contamination in surficial soils at 
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the Site in excess of the Kansas RSK value of l ,000 mg/Kg for Lead in non-

residential soils. The area of Lead contamination is generally in the immediate 

area of the intersecting railway and former production areas in the southeast 

portion of the Site, and lies to the northeast and southwest of the railway in this 

southeast area. 

b. A large area, approximately the northeast V4 of the site, was identified not to be 

significantly impacted by heavy metals constituents from the former National 

Zinc facility. 

c. Surface water was identified to be impacted by several heavy metals 

·constituents, primarily Cadmium, across the Site. 

d. Elevated levels of Cadmium in ground water were also observed, primarily in 

areas underlain by the former lagoons, which were subsequently used as a w·aste 

disposal unit and covered. It does not appear that the ground water contamination 

is mobile and, thus, is likely not migrating off Site. Human exposure to 

contaminated ground water is minimal, although migration 

of impacted ground water in former lagoon to surface water via base flow is a 

probability. 

7. In March 2001, KDHE completed an Expanded Site [nspection (ESl) Report for the 

Site. In preparing this report, KDHE conducted an extensive investigation and 

collected additional soil and water samples in order to fill data gaps. 

The following are among the conclusions of the ESt Report. 
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a. The pathways of greatest concern at the Site are the soil and surface 

water pathways. Observed release criteria for Hazard Ranking System (HRS) 

purposes appear to be met for both pathways as documented in the ESI. 

b. Elevated Lead, Chromium and Silver concentrations were detected in the ground 

water. The area of elevated Lead, Chromium and Silver concentrations in 

ground water appears to be limited to within the former lagoon area. 

c. In determining which surface water and soil samples were elevated, the 

laboratory results for off-Site samples for each type of constituent were compared 

with a concentration that was equal to or greater than three times (3X) 

the arithmetic mean of the background concentration. 
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IV. PHASE 1- DEVELOP FR<\ME\VORK FOR THE REVISED PLAN 

The framework for developing the Revised Plan consists of Parts 1 through 5 set forth below: 

Part 1: [dentifv anv data gaps and prepare a sampling plan and gualitv 

contro!/qualitv assurance plan for anv additional sampling: 1· 

t 

Respondents believe that the chemical data gathered on the surface soil 

contamination at the Site is sufficient. Respondents are proposing additional 

sampling for two purposes. 

l. Collection of additional sediment and surface water samples from within 

the Unnamed Creek and Drum Creek to assess the extent of contamination 

in the surface water pathway and to establish background levels. 

2. Collect soil samples at EPA's disposal area to document the level of 

contamination in soils brought from off-site excavation. 

Appendix B presents the proposed sampling plan and quality 

control/quality assurance plan for additional chemical soil, sediment and 

surface water sampling. Figure 1 shows the Site contour map and grid 

system, which is the same grid system used by KDHE in its investigations. 
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Part 2: Prepare a safetv plan tobe used during addi'tional Site: sampling: 

Tbe Safety plan. presented in Appendix C \'ltll be implemented during Site 

sampling activities. It will also be applicable to other field activities conducted 

at the. Site~ 

Part. J: Develop an interim draina!Ze plan: 

Respondents believe thilt run-on storm. runoff should he di"verted. from entering 

the previously cl'osed lagoon surface area. An interim drainage plan, has 

been developeq .to prevent surface water from entering .the capped surface area 

·of the previously closed lagoon, which will enhance the stability of the 

subsurface condition. of this area ,and improving its ability to support the 

construction equipment and additional load frotn fill and capping materiaL 

Figur:e 2 presents the interim drainage plan in preliminary engineering design 

fonna:t A shallow subsurface.drain system will-be added to the drainage system 

shown on Fig_ure 2 in the field during construction. 

Part 4: Developa Hvdro!leologic:al Investigation Work Plan 

Respondents developed and (lfe presenting a Hydrogeofogical Investigation Work 

Plan _in App·endix A to determine the impact 9fon-site conditions to groundviater 
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and ·determine if <1 relationship petween groundwater and surface water exists. 

Part 5: 
'Submit the Revised Plan to KDHE for approval prior to implementation of Phase 

2 (Section V): 

I '· 

27 



··--
: . . : 

Section V 

Phase 2-Plan for Field Sampling and 
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"V. PHASE2 PLAN FOR FJELD SAMPLING AND CONSTRU<;TION OF AN 

INTERIM DRAINAGESYSTEM 

Respondents propose thatthey be .authorized by KDHE to proceed with the Phase 2 Work Plan 

outlined below ih parts 6through9. They planto schedul'ethe field·wor~ as.soon asKE>HE 

approval is received, 

Part 6: Implement the 'Soil. Sediment and Surface Water Sampling Plan. presented~~ 

Appendix 8 .. 

Develop a.report presenting the sampling .results. 

Part 7: Implement the interim Drainage Plan. 

Following the copstrilction of the storm runoff diversion dike around the closed 

pond, the water levels in the area will be measured on a monthly basis· for a period· 

of hO less than three months in order to study and document the ·effects of the 

constru~:ted dike .. 

Part 8. Implement the Hvdrog:eological Investigation Work Plan. 

The Hydrogeological Investigatio.r1 Work Plc:m presented in Appendix A will be. 

implemented and .the water quality sampling and· water level ·measurements li'sred 
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Part 9. 

in the Plan will be conducted. Also a report will be prepared to present the data 

collected and the findings of the study. 

Prepare a report to summarize the Phase 2 field work results. 

In addition to the matters discussed in Parts 6, 7 and 8 above, this report will also 

include the following: 

l. Develop and propose to KDHE clean-up levels to be used in determining 

areas where sediment removal will be warranted. 

The sediment samples previously obtained by KDHE showed background 

concentrations for lead, cadmium and arsenic well above the consensus

based TECs listed in the paper (Development and Evaluation of 

Consensus-Based Sediment Quality Guidelines for Freshwater Ecosystems 

by D.O. McDonald, C.G. Ingersoll and T.A. Berger) provided by KDHE 

as an attachment to their August 2, 2002 letter. 

Also, the downstream sediment samples obtained by KDHE showed 

unexpected fluctuations. Respondents are proposing to take sufficient 

number of samples from both the Unnamed Creek and Drum Creek in 

upgradient and downgradient positions in order to prepare an effective 

sediment/surface water impact assessment report and to develop inore 
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meaningful clean-'UP levels. 

1. Study the impact of-sediment removal from Drum Creek, evaluate the 

consequences. of any removal; and quantify the volume of sedimentto be 

removed from: Drum Creek, if any, and from Unnamed Creek. 

3. Evaluate the Hydrogeological Investigation Work Plan ·results and 

deterrnihe if there is any migration. of on-site groundwater and, .if any' 

what is the impact 

4. Identify and evaluate the corrective measures, .if any, re:quired for 

( groundwater. 

Respondents anticipate completing the implementation of Phase 2 Work Plan and' 

suqmission of the Phas!=! 2 report no later than. 6months .fro_m the date of receipt of 

approvat fromKDHEto proceed' with Phase 2. 
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VI. PHASE 3 DEVELOP A CORRECTIVE ACTION PLAN 

The Phase 3 Corrective Action Work Plan will be directed toward developmem of 

a Corrective Action Plan for the entire site. The Corrective Action Plan will be 

developed after completion of the Phase 2 Work Plan and report, and cover the 

following: 

l. Consolidation of contaminated soils on the site. 

The following presents a brief description of the Respondents' present 

thoughts on the development of the Corrective Action Plan. Most of the 

information listed below was also included in the previous Plan dated 

April 3, 2002. 

Respondents propose to use Kansas non-residential RSKs to determine the 

areas and volume of contaminated soils to be removed and consolidated 

at the Site. These are l 000 mg/Kg for Lead, l 000 mg!Kg for Cadmium, 

and 38 mg/Kg for Arsenic. 

Surface areas where soil removal will be warranted will be determined 

using the chemical data previously gathered by KDHE. The lead, arsenic 

and cadmium concentrations will be utilized in determining the areas and 

volume of soil removal. Figures 3, 3-l, 3-2 and 3-3 show the analytical 

results and the areas exceeding the RSK values. The figures are included 
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at the end of the text. 

Surface areas within the Site boundary with a total contaminant level 

equal to or above any of the following parameters, 1000 mg!Kg lead, I 000 

mg/Kg cadmium and 38 mg/Kg arsenic will be excavated and transported 

to the previously closed lagoon area for placement. Figures 3, 3-1, 3-2 

and 3-3 (figures are included at the end of the text) show the 

K.DHE chemical sampling results and the areas where lead, cadmium and 

arsenic levels are equal to or exceed the RSK levels and, therefore, will 

require removal of contaminated soils in accordance 'vVith the following: 

an initial 6" thick layer of soil will be removed, and the excavated area 

retested. A confirmatory sampling will be performed based on a Sampling 

Plan that will be submitted to KDHE in the Phase 4 Construction 

Activities Work Plan to determine where additional soil removal is 

needed. If the RSK levels for any one of the contaminants of concern are 

still exceeded, an additional 6" layer of soil will be removed. Any 

excavated area that exceeds the RSK level for any of the contaminants of 

concern after removal of 18" of soil wilt be capped with a minimum of 

18" thick compacted clay followed with 6" of vegetative soil followed by 

a 6" thick layer of topsoil and proper seeding. All other excavated areas 

will be covered with a minimum of 6" of soil and properly seeded. 
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The area utilized by EPA for placement of the excavated soils from 

residential areas will be evaluated. Respondents have been informed by 

EPA's Project Manager that the area utilized by EPA was properly graded 

and capped with a minimum of 6" thick clean soil. Respondents included 

an activity in the Phase 2 Work Plan to sample the contaminated soils in 

EPA ·s disposal site to determine if deed restriction will be required for 

this area and also if the cap placed by EPA will satisfy the K.DHE 

requirements. 

The excavated soil material will be placed on the surface of the 

previously closed lagoon area and graded prior to placing a new cap at the 

receiving areas which will contain a minimum of 18" of compacted clay 

followed with 6" of vegetative soil and 6" of topsoil and proper seeding. 

2. Removal of sediments from Unnamed Creek and Drum Creek. 

3. Repair of existing closed lagoon area. 

4. A final surface drainage plan. 

5. Groundwater remediation, if warranted 
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VII. PHASE 4 DEVELOP A WORK PLAN FOR CONSTRUCTION ACTIVITIES 

As a result of Phase 3, a Corrective Action Plan will be developed for the site. 

The objective of the Phase 4 Construction Activities Work Plan is to develop a 

Corrective Action Construction Work Plan that will provide guidelines for the 

implementation of the Corrective Action Plan. The following wili be included 

in this Construction Activity Work Plan: 

• Engineering drawings to assist construction 

• Volume calculations 

• A Sampling Plan to collect and analyze confirmation sampling during the 

removal of contaminated soils an sediments from the surface water 

pathway 

• Construction schedule 

• QA/QC Plan for selection of suitable clay soil and the installation of the 

clay cap and other earthen components of the project 

• Storm Runoff Management and Pollution Prevention Plan 

• Post Closure Inspection and Maintenance Plan 

• Plan for sediment control 

• A Safety Plan covering the construction activities 

• Dust Control and Air Pollution Prevention and Monitoring Plan 

• Any other plans or procedures that may be determined later. 
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The Construction Work Plan will be submitted to KDHE for approval prior to· 

startup of construction activities. 
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VIII. PHASE 5 EXECUTE TliE CONSTRUCTION WORK PLAN 

t6ilowing are .the work items to be included in this Plan: 
I 

l 
I 

• Conguct and complete .construction activities 

• P·erform all QA/QC activitie$ 

• Prepare as.-built drawings 

• Prepare certificatio(l document 

• Conduct land .sluvey .and prepare deed. restrictions, as necessary. 
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INTRODUCTION 

CHERRYVALE 

NATIONAL ZINC SITE 

HYDROGEOLOGICAL INVESTIGATION 

WORK PLAN 

Groundwater conditions at the former National Zinc site in Cherryvale, Kansas, are to be 

investigated to verify that groundwater contamination is not migrating off site. The proposed 

hydrogeologic investigation will address the groundwater flow and quality on site as well as off 

site and establish verifiable boundaries for contaminated groundwater. Data utilized in this 

investigation will include existing data in files and reports as well as new data. 

BACKGROUND INFORMATION 

The first series of soil tests and water levels was accomplished by Wichita Testing Laboratories 

as a lagoon embankment evaluation. These tests consisting of nine borings were completed in 

1978. Data show a wet zone in silty clay at 7 to 12 feet, which overlies a limestone about 15 

feet thick. Also in 1978, five monitor wells were drilled and completed. Each of these wells 

was drilled through the embankment and finished at depths from 12 to 19 feet, presumably at 

the base of the embankment fill. Three of these five wells (MW#2S, MW#2D and MW#4) 

were dry when measured on August 19, 1999. In August 1999, Kansas Department of Health 

and Environment (KDHE) drilled and completed nine test borings to obtain water quality data. 

The borings completed downgradient from the lagoon (TW-6, TW-7 and TW-8), as shown on 

Figure 1, were drilled to auger refusal and did not encounter the existing water table. 

KDHE plugged TW-5, TW-6, TW-7 and TW-8 monitoring wells. TW-1, TW-2, TW-3, 

TW -4 and TW -9 are in place and in usable condition. 
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EB MW-1 
@ TW-6 
:¢: WP-5 

MONITORING WELLS DRILLED IN 1978 
TEMPORARY WELLS DRILLED BY KDHE IN 1999 
WASTE PROFILE BORINGS DRILLED BY KDHE IN 1999 

NOTE: TW- 5.6. 7,8 AND WP WELLS HAVE ALREADY BEEN PLUGGED 

A & M ENGINEERING A.I.'I'D 

ENVIRONMENTAL SERVICES, INC. 

ENCIN£ERIN0 - ENVIRON-..ENTAI... - CONSTRUCT10N 

PREVIOUSLY DRILLED MONITORING 
WELLS AND BORINGS 
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OBJECTIVE 

Based on existing data, it is believed that groundwater from the lagoon is not migrating off 

site. The purpose of this Work Plan is to confirm whether the groundwater indicated in on-site 

test borings is migrating and what contaminants, if any, are present in that water. To 

accomplish these tasks a series of monitor wells will be drilled and completed in the uppermost 

permeable water-bearing zone. 

PROPOSED PLAN - MONITOR WELL LOCATIONS 

The 1978 test borings for the embankment indicated a permeable zone in silty clay immediately 

overlying the weathered limestone. No borings in 1978 or 1999 have been finished in the 

limestone. The limestone at 15 to 20 feet is most likely the uppermost continuous permeable 

zone. The 1978 data indicated that this zone does contain water. Contaminated water in the 

lagoon area migrates downward through the silty clay to enter the limestone. If contaminated 

water migrates off site, most likely it does so through the limestone. 

The hydrogeologic investigation will be accomplished by drilling and completing three monitor 

wells in the limestone downgradient (west) from the embankment. The locations for these 

three downgradient wells are shown on Figure 2. 

Four wells (TW-1, TW-2, TW-3 and TW-4) were drilled and completed east of the berm in the 

general area of the fill and closed lagoon by KDHE. These wells were drilled to the top of the 

silty-clay, sandstone-rubble zone which is above the weathered limestone. These four wells 

will have water levels representative of the trapped water in the lagoon area. The chemical 

quality of this water was determined in 1999 by KDHE. This water was shown to be 

contaminated with certain toxic metals. These four wells will not be sampled and tested for the 

toxic metal contaminants of concern, but they will be measured for groundwater levels. 
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One new well will be drilled and completed east of the railroad tracks as shown on Figure 2. 

This upgradient well will be completed in the weathered limestone unit, as are the three 

downgradient wells. 

The protocol of drilling and installation procedures for monitor wells is included in Appendix 

l. 

MONITOR WELL SAMPLING 

All of the new and old monitor wells will provide water level elevations to be used to verify 

groundwater flow direction. Well water-level measurements will be taken monthly for a 

minimum of three months. Depending on evaluation of data from samples for those three 

months, further monthly sampling may be indicated for several additional months. 

Chemical water quality samples will be taken from the four new wells monthly for three 

months. Each water sample will be tested for pH, Specific Conductivity, cadmium, lead, 

mercury, chromium, arsenic and silver. The K.DHE tested the ten old wells, MW-1 through 

MW-4 on May 26, 1999, and TW-1 through TW-5 and TW-9 on August 25, 1999. At that 

time all wells had sufficient water for a sample. These data will be used for comparison with 

the new wells. 

The Groundwater Sampling and Analysis Plan is included in Appendix 2. 

PROPOSED DATA DISCUSSION 

\Vith the new water level data, an accurate groundwater flow may well be drawn. Hydraulic 

conductivity tests will be performed on the downgradient and upgradient limestone wells. No 

testincr will be done on the in-lacroon wells as these wells will not penetrate the limestone, thus 
~ ~ 

assuring no loss of low conductivity integrity of the clay layer over the limestone. With these 

datJ., rate and direction of flow will be established. 
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The water quality data, will illustrate whether ,as currently- believed, waret: from. the lagoon is 

not currently migrating off site., or if i't is fo·und to be migrating, where it is moving ,and. what 

irs chemical quality is, 
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Monitoring Well Locations 

For this project, four (4) new monitor wells will be installed. The first monitor well, 

designated MW -5, will be placed upgradient of the lagoon (northeast of the lagoon). 

Monitor "veils MW -6, 7 and 8 will be located downgradient, west of the lagoon. Figure 1 

depicts the approximate locations of the monitoring wells. 

Monitoring Well Drilling 

Monitor wells will be drilled using an auger or air rotary drill rig. The driliing auger will 

be used for boring the holes and removing encountered materials. The limestone section 

may require air rotary drilling. Each Monitor Well will be drilled into the uppermost 

aquifer to a depth of approximately 10-25 feet. The driller used for this project "vill be a 

Kansas certified monitoring well driller. Boring logs \viii be recorded for e::tch ~v[onitor 

Well location at the time of drilling by a Kansas Professional Geologist. At a minimum. 

boring logs will include: 

• Project name and number 

• Monitor well name/number 

• Date and time of start and finish 

• \Veather conditions 

• Geologist's name 

• Driller's name 

• Monitor well location 

• Rig type bit size/auger size 

• Depth to water 

• Completion depth of monitor well 

• Narrative description of encountered materials including: 

o Soil/rock type 

o Co lor and stain 

o Moisture content 
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o Odor 

o Suspect contaminant 

• Drilling observations including 

o Hole stability/caving 

o Advance rates 

o Drilling difficulties 

• Equipment failures or other deviations from the drilling plan 

Monitor Well Construction 

After drilling, each well will be completed with 5 or 10 foot screen depending on 

uppermost groundwater depth. At least two feet of screen will be above the saturated 

zone (aquifer). The well casing for each monitor well will be PVC (Schedule 40) placed 

at least one foot above ground surface. The PVC casing and screen will have threaded 

joints with gasket seals. The filter pack will extend no more than three feet above the top 

of the well screen. The filter pack will be placed with a tremie pipe. Filter pack will be 

\vashed river sand with less than ten percent limestone, shale or sandstone. To seal the 

filter pack, bentonite pellets will be used. A minimum of two feet of certified sodium 

bentonite will be placed on top of the filter pack. Bentonite may be used to the surface. 

Cement with five percent bentonite will be prepared as a grout and placed over the 

bentonite seal with a tremie pipe up to ground surface. The monitoring wells will have 

locking caps. Since these wells are temporary monitor wells, no surface protector pipe 

and pad will be installed. 

Monitoring \V ell Development 

\Vell development will be accomplished by pumping or bailing each well. Before 

pumping or bailing, the pump or bailer will be thoroughly cleaned with a distilled \Vater 

and Alconox mix ar.d rinsed with distilled water, unless pre-cleaned disposable baikrs 

3 



\._ ) are used. The wells will be:! pumped or bailed until the \Vater in each well is silt free. 

This determination will be a judgment decision by the well-site geologist. 

Documentation of Monitor Well Construction and Completion 

Each we!! will be surveyed for relative vertical ekv::nion. A "vell completion log will be 

recorded for each monitoring well. Additionally, the driller will be required to complete 

and submit a monitoring \vel! record form for each we[[ and assign a numbl:!r and submit 

to Kansas State Agency. An example of a typical well completion log form is provided 

as Figure 2. 
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PURPOSE 

The purpose of the groundwater sampling and analysis is to ascertain the geochemistry of 
groundwater upgradient and do\vngradient of the former National Zinc facility, referred to as the 
·'Site". Samples will be collected and analyzed for inorganic parameters. 

QUALIFICATIONS OF SAMPLING PERSONNEL 

T_he sampling will be directed by: 

A & y{ Engineering and Environmental Services, Inc. 
l 00 l 0 East 16th Street 
Tulsa, Oklahoma 74128 
918-665-6575 

Sampling personnel will consist of a Technician, Project Geologist, Health and Safety Officer 
and Project Manager. All on-site personnel, experienced in safety procedures and sampling of 
hazardous and non-hazardous materials, are trained under criteria set by 29 CFR \910.120. This 
program instructs employees on general health and safety principles, proper operation of 
monitoring instruments, and the use of Personal Protective Equipment (PPE). Each employe~ 
also receives an eight hour annual update. The team consists of the personnel listed in Table l, 
and will be assisted by field technician(s) under the supervision of a qualified team leader. 

NA.:\'lE 

lrfan Taner PG 

Tony Mumrnolo 

David Anderson 

J-::ff Elbert 

Jon Kuhn 

Scan :VIc Reyno Ids 

Ty Errugrul 

Abby LaZar 

Table 1 : Field Sampling Personnel 

AFFILIA TlON 

A & M Engineering 

A & M Engineering 

A & M Engineering 

A & M Engineering 

A & M Engineering 

A & M Engineering 

A & M Engineering 

A & M Engir.-::::ring 

TITLE 

Project Geologist/Manager 

Chemist 

Environmental Specialist 

Environmental Health & Safety 

Project Technician 

Project Technician 

Environmental Specialist 

Environmental Specialist 

GROUNDWATER MONITORING SYSTEM 

The former National Zinc f:J.cility (closed lagoon) has existing monitoring wells. The existing 
monitor wells are MW-1 through MW-4, T\V-l through TW-4 and T\V-9. MW-l through \lW-
4 wells are located on the western dike ofthe closed lagoon. TW-l through TW-4 monitoring 



wells are locat~d inside the former lagoon area. Also, there are four new proposed wells for the 
site. Figure 1 shows all the existing and the proposed monitor wells. 

PARAMETERS 

For each sampling event, the chemical constituents listed in Table 2 will be analyzed for each 
groundwater 5ample collected. 

Table 2 : List of Parameters and Analytical Methods 

PAR~i\lETER ANALYTICAL PR.\.CTICAL 
i\llETHOD QUANTITATION LIMIT 

(PQL)(~g/1) 

Specific Conductivity I EPA 120.1 N/A 

pH EPA 150.1 N/A 

Arsenic S\V-846-6010 10 
Cadmium SW-846-6010 10 

Lead s w -846-60 1 0 10 
Chromium sw -846-6010 10 

Silver SW-846-6010 10 
Mercury sw -846-74 70-71 I 2 

2 
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ORDER OF WELL VISIT AT/ON 

To avoid cross contamination, well measurements will be taken starting with those wells with the 
k::tst potential for contamination and proceeding to those wells with the highest potential for 
contamination. Well me:J.Surements will be taken at upgradient wells first, then downgradient wells, 
and tinally the wells located inside the former lagoon area. Table 3 shows the proposed order of 
sampling. · 

Table 3: Monitor Well Sampling Order 

Sample! Point Desi!lnation Sample Point ldentific:nion 
Upgradient Monitoring Well (MW) I MW-5, TW-9 

Downgradient Monitoring Wells MW-6, MW-7, M\V-3 

I Existing Monitoring \Veils MW-1, MW-2S,D, MW-3. MW-4 
Monitoring \Veils in former lagoon Area TW-1, TW-2, TW-3, TW-4 

RECORDKEEP/NG 

The Field Sampling T earn will maintain a compendium of Field Data Sheets. The Field Data Sheet 
shown in Figure 2 provide a permanent record of information about monitoring activities at each 
sample point. 

After entering the general information the team recordkeeper will note the condition of the \vel!, 
including whether or not the lock was in place, any evidence of tampering, if there is any water 
standing near the welL and the condition of the concrete well pad. 

Upon arrival at each well on the schedule, the team recordkeeper will record the following on the 
Field Data Sheets: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Date and time of water level measurements, temperature and weather data 
Persons present 
Well ID and condition of well 
Depth to v.·ater and technique used to measure 
Presence of immiscible layer and detection method 
Total Well depth 
Time well purged 
\Vdl evacuation procedure/equipment, if different from plan 
Purge volume 
Time \Veil sampled 
Sample withdr:J.wal procedure/equipment, if different from plan 
Sampling sequence 
Preserv:J.tives used (if any) 
Field observations 
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FlELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME: ____________ _ PROJECT NO: _____ _ 

SAMPLER NAME: ________ _ PERSON PRESENT: _______ _ 

WEATHER: ____ _ AIR TEMP: __ _ LAST PRECIPT. _______ _ 

llll.OC.>.TION !STATION NO.I I I .I 
I 
I 0-"TE .>.NO TIME W,>-70:1'1 

' t_E'IEL ~E,l-.SURE':I 
I 
: 
i QATE -"NO TIME PURGED I 

' 

i OATE ,>.NO TIME S..>.,..Pl.ED 

I 
j 

5,>-MP\..ING Me:THCO 

I 
I TOP Ci" CASING El...~. 
I 
I 
I 

OE?TH TO WATER tOTWI 

T:J>,>.I.. OE?TH ITOJ 

I i'IEOUIREO PURGE VOI..UME 

I I 
i I 
i 

VOI..'-l""E ?URGE::l 

I I TH I c KNESs 0 F" NAPt../ ONAPL 

SUBST..>.NCE ON w..>.TER 

: S..>.MPI..ING TEMP. I I I : 1 
i I I I I ; 

I 

S.,l..MPLING P1-4 I I I I I 
IINS>. N,l.ME I I I I I 

i SAMPI..ING SPE=. CCNO I I I i 
I IINS":". NAME I I I I I 
I ! 
l 

COl.ClR I 

' 
I 

' COOR 

: 
::.E:OIMENT 

I 

\ 
-

I ;:"IELO TRE,>.TME.-...T 
I PRESERVATION I 

' I 
' ?URGING/5-"MP\..ING PI...AN 

I I ,>.NQ PROCEDURES 

i F'Cl.l.ClWEO~ 

~OTE:----------------------------------------------------------------
'iciL:me c:JIC:.:Iaucn: 2"- 0. ~6J ·;allf.. J"- O.J67 ;all~._..- J.55J ;allft {[(TiJ-OT'N) x g:sllftl" J} • J.S gal = 'lolum" ~o """c. 



FIELD ACTIVITIES 

General Procedural Outline For Sampling 

l) Decontaminate all field sampling equipment 
2) Arrive on loc::nion, Prepare well location for sampling 
3) M~asure water level 
4) Measure total .. ..-ell depth 
5) Purge three well volumes testing pH and Specific Conductance 
6) Collect samples testing pH and Specific Conductance 
7) Decontaminate all equipment 
8) Collect field blank and equipment blank samples 
9) Preserve and label samples 
l 0) Decontaminate all equipment 
ll) Prepare chain-of-custody 
12) Transport or ship to laboratory 
13) Sign chain-of-custody with laboratory 

Decontamination 

With the exception of disposable polyethylene bailers, all equipment used to collect groundwater 
samples, whether new or previously used, is assumed to be contaminated and undergoes the level of 
decontamination appropriate to its intended use and construction. 

Prior to each sampling event, all equipment to be used during the sampling of groundwater and 
surface water and sediments will be decontaminated under laboratory conditions to ensure that no 
contaminants are inadvertently introduced into the samples collected. 

Once field sampling begins, sampling equipment will be decontaminated betvveen each sampling 
point by thorough washing in a non-phosphate detergent followed by triple rinse in distilled or de
ionized water. All rinsate will be collected and disposed properly. 

The analytical laboratory will provide pre-cleaned sample containers which have been pre
preserved for monitor well groundwater samples. 

Disposable polyethylene bailers may be used for collection of groundwater sampling. Sampling 
bailers will be factory decontaminated and sealed in plastic until opened for use in sample 
collection. Used bailers and disposable ancillary sampling equipment will be collected and stored 
for proper disposal. 
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Prevention of Contamination Release 

To avoid a release of potentially contaminated groundv . .:ater, a protective layer of 6 mil polyethylene 
sheeting \vill be spread around the monitor \veil to collect any spillage during purging and 
sampling. Five gallon capacity plastic buckets will be used to collect rinse and decontamination 
\Vater during tield measurement and sampling. At each groundwater monitoring \veil in the former 
lagoon monitor \veils, a 55 gallon capacity drum will be used to store rinse water, decontamination 
warer and purge \varer from the well. Purge \Vater and excess sampled water will ce disposed in the 
groundw~ner trearment system of the Ciry of Cherryvale. 

Water Level and Total Depth Readings 

Water level and total depth readings for e::tch \Vel! will be ta..t..:en at each sampling evem. 
The designated team member will put on clean nitrile gloves and proced as follo\vs: 

a. Grasp the monitor well cap with both hands and gently remove. Care must be taken 
to not let the lid (cap) touch anything while being placed on a clean sheet of 
polyethylene out of the sampler's work area. 

b. The team leader will rinse the cable and probe of the depth meter with ;:!e-ionized 
(DI) or distilled water and collect the rinse water in a five gallon plastic bucket. 
Slowly the team leader will lower the depth indicator probe into the \vel! until the 
meter indicates that water has been reached. Using the permanent measuring point 
designated on the casing, the depth at which the water was encountered will be 
mentally noted (the meter will be read to the nearest 0.01 ft.). Raise the probe until 
it is no longer in the water and lower the probe again until the meter indicates that 
water has been reached and mentally note the second value. If the values do not 
agree within 0.01 ft., repeat the steps as above until the two readings agree 'vvithin 
0.0 l ft .. Once a stable depth to water reading has been confmned, the C.epth-co
water value will be recorded on the Fidd Data Sheet. 

c. Slowly lower the depth sounder into the well until it hits the bottom of the 'vvell. 

d. 

Read and mentally note the depth when tension in the cable is relieved as the 
weighted end touches the bottom of the well. Raise the probe above the bottom and 
then lower it again to the bottom to take an independent reading. If both readings 
are the same, record the value; if not, take an additior.al reading. Readings wiil ce 
recorded to the nearest 0.0 l ft. as me2.sured from the permanent me:.1suring point 
designated on the casing. 

Slowly remove the probe from the well and decontaminate using a triple rinse .,..,.ith 
the DI .. vater as it is removed. If organic contamination is suspected in the monitor 
well, decontamination of the water level indicator will include thorough washing 
with an Alconox soap :)Oiution before rinsing with DI water. During 
decomar..ination, the sampkr will be cJieful to collect all rinsJte water while not to 

allowing :my rinse watc!' to run dow·n the well. The sampling team should be 
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absolutely sure the wire or probe never touches the ground or anything other than 
the water in the well. 

e. Prior to covering the wet!, the well lid (cap) should be rinsed with distilled water. 
Then place the cap securely back onto the well stem. 

f. Secure the locking protective well cover and proceed to the next monitor \vel! in the 
CirCUit. 

a _,. Transfer rinse \V:lter from the five gallon buckets to the 55 crallon dntm for disoosal "' . 
in the groundw:1ter tre:1unent system equalization tank. 

Purging 

Three well volumes of water will be pwnped from each well prior to sampling. The desigmted 
well pwnp is a Grundfos BMI I MP-1-ll5V. One well volume is equal to the amount ot'\vater held 
in the well bore and in the filter pack. A 1 0-foot filter pack will contain approximately 3.0 gallons 
of water (considering 20 percent specific yield of tilter pack). The t':lctor for 2-inch diameter pipe is 
0.163 gallons per foot of water in the well. The amOlmt of water in the filter pack is added to the 
a.rnount of water in three times the casing volwne for total amount of purg:1te. 

The purge volwne will be calculated in the field for each well by the fo!lo\ving method: 

Measure depth to water (static water level - SWL) 
Measure depth to bottom of hole (total depth- TO) 
[(TD-SWL) X 0.163 gal/foot X 3] +gravel pack H20 =purge volume 

Purging the 'vel! will be accomplished using a pwnp or bailer for removing the required qu:1ntiry of 
\Vater. Groundv.-ater purged from the well prior to sampling will be placed in a 55 gallon drum. 
Stored purge and decontamination water will be properly disposed in the approved groundwater 
treatment system equalization tank. 

Field Testing 

Field analyses consisting ofTemperature, Specific Conductance and pH will be cond.ucted odore 
the well is purged and at intervals (at least 3 times) during purging to ensure the w:1ter to be 
sampled is representative of the formation water and not impacted by static conditions in the \vel! 
casing or gravel pack. Regardless of the number of well volumes removed, che purging will 
continue until tield analyses are stable, or the well is "pwnped dry". All field measurements will be 
recorded on the Field Data Shel!t. 

After purging, tield measurements of temperature, pH and Specific Conductance "vill ce mJ.de. 
Then as laboratory samples are collected, additional replicJ.te s::unpks \viii be collect;:!d Jnd tested 
for temperature, pH and Specitic Conductivity. A tot:1l ot· four replic:1te tield measureme:m will 'ce 
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made at the surface during laboratory sample collection Replicates will be! tested in glass containers 
which are rinsed thoroughly between replicate tests. 

Sample Collection 

Groundwater samples will be collected using disposable polyethylene bailers and disposable nylon 
cord. T"vo field technicians will be responsible for sample collection and a third ""ill complete the 
recordkeeping and labeling requirements. The t\vo samplers will don clean nitrile ex:amin.:1tion 
gloves before removing the bailer from the protective plastic bag. The top of the bag will 'ce 
opened to allow anachment of the disposable nylon cord to the bailer. OnL:e the cord is se:::urely 
attached the bailer will be removed from it's protective cover and slowly lowered into tr.c: \Veil 
casing. As the bailer slowly contacts the water surface, it will be lowered very slowly 
approximately t\velve inches and then withdra,vn from the well casing. The \vater colurr'"'1 in the 
bailer will be checked for indications of an immiscible layer of light non-aqueous phase liquid 
(LNAPL) on the water surface. 

If LN APL 's are indicated, the bailer will be carefully discharged into a 40 ml Volatile Orgmics :md 
Aromatics (VOA) vial with a Tef1on septum designed for collection of volatile organic s~ples in 
\Vater. The VOA vial would then be immediately labeled and place in the pre-chilled ice chest to 
be delivered to the analytical laboratory. 

If there is no indication ofLNAPL's, the contents of the bailer would be used for the tirst replicate 
sample for field Measurement ofTemperature, pH and Specific Conductivity. Fol\owi11g bailer 
discharge, the bailer would then be lowered slowly do\"11 into the well casing to the Welter surface. 
The bailer will be very slowly lowered into the \Vater completely to the bottom of the ""e!l casing. 
once on the bottom of the well, the bailer will be slowly withdra'-"11 and the water colurr,.n. checke(i 
for indications of a dense non-aqueous phase liquid (DNAPL) which would accumulate on the 
bottom of the water table just above the aquifer confining bed or zone. 

If there is no indicltion of DNAPLs, the bailer would be used for the fourth replicate s2.rrlple fer 
field melsurement of temperature, pH and specific conductivity. Following baikr disc~::1.rge, the 
bailer wi.l\ then be lowered do""11 into the:! well casing and filled with \Vater for labor::!.tor:; sampks. 

T11e samples from each well will be collected in the order and quantity shown in Table J: 
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Table 4 : Order of Sample Collection 

Parameter Container Quanti tv 

Metals Glass \.vith acid preservative 1000 ml 

pH and specific conductance Glass 250 mi 

Note: At least one duplicate and one equipment blank per sampling event will be incluced with 
the samples. 

In accordance \vith the above, two separate containers \viii be used for each welL At the conclusion 
of taking the designated samples for the laboratory, the fourth and final replicate pH, temperature 
and Specific Conductance will again be analyzed at the well and recorded on the Field Data Sheet. 

Sample Preservation 

Containers designed for each group of parameters to be analyzed will be provided by the analytic:J.l 
laboratory. These containers will have the appropriate preservative already in the container, and 
labeled with the type of preservative used. Once collected and labeled, the samples will be placed 
in an ice chest, pre-chilled to 4° Centigrade. 

Sample Custody Documentation 

The chain-of-custody requirements for groundwater sampling are outlined in the follov .. ·ing sections. 
These sections include a description of the minimum infonnation requirements for: 

• Sample labels 
• Sample seals 
• Chain-of-custody record 
• Sample trcinsportation 

Sample Labels 

The primary function of the sample label is to prevent misidentitication of samples. The sample 
label will be completed using a waterproof ink marker. It will be finnly affixed to the sample 
cont:1iner. Even if the label has a self-adhesive back, it is recommended that transparent cellophane 
tape be applied over the label to ensure it is not dislodged during shipping and handling. 

tO 



( 

Sample Seal 

If a conunon carrier will be used to transport samples to the contract laboratory, seals will be used 
to ensure that samples have not been disturbed during transportation. Two-inch nylon reinforced 
packing tape will be used to seal individual sample containers. As a further precaution, a custody 
seal, signed and dated by the designated recordkeeper, may be affixed over the tape and/or to the 
sealed ice chest. 

Chain-of-Custody Record 

All samples must be accomp:mied by chain-of-custody forms. The chain-of-custody record 
provides the necessary documentation to track sample possession from time of collection through 
analysis. Figure 3 illustrates the chain-of-custody form to be utilized by the field sampling team. 

The chain-of-custody documentation will include, at a minimum, the date, time and conditions 
under which the samples were collected along with the preserv·ation techniques and the shipping 
data. The original chain-of-custody record will be sealed in a watertight pouch and placed in one of 
the sample coolers just before it is closed and sealed. A copy ofthe chain-of-custody report "vill be 
placed in the sampling logbook. 

Sample Transportation 

After collection of groundwater samples, the sample containers will be packed into plastic coolers 
lined with plastic bags. Sample bottles will be suitably packed to avoid breakage. The temperarure 
in .::ach cooler will be maintained at 4 degrees C by ice or two large, frozen "blue ice'' packs. 
After packing, the shipping coolers shall be secured closed and may be sealed with custody seals. 
The ground,vater samples shall be delivered the day of collection to the laboratory for analysis. 
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QUALITY ASSURANCE/QUALITY CONTROL 

Field and Sampling 

The field quality control program is the responsibility of the sampling company and the laboratory. 
The laboratory will supply a sufftcient number of containers for each group of parameters to be 
analyz~d. One set of bottles of ~ach type \.viii be filled with reagent grade deionized water and 
tr:::msported to the tield sampling location and returned to the laboratory. 

The field equipment, such as pH meter and Specific Conductance meter, will be calibrJ.ted prior to 
transport to the field, and once in the tield, instmments will be calibrated at a minimum of once per 
day. The pH meter is calibrated with prepared solutions as is the Specific Conductance meter. An 
equipment blank will be collected to ensure that any non-dedicated sampling equipment has been 
clean<:!d. To collect, run reagent-grade \Vater through all equipment and transfer water to sample 
bonles. Samples will be subjected to same analyses as well samples. 

Laboratory Q . .VQC Procedures 

The laboratory has the responsibility of providing quality control within the laboratory. The 
laboratory has presented a Q.tVQC program prior to initiation of implementation of sampling and 
analysis. The plan provides for the use of standard, laboratory blanks, duplicates and spiked 
samples for calibration and identification of potential matrix interferences. 

Laboratory control requirements for this project will include: 

l) System perfonnance checks 
2) Continuing calibration checks 
3) tv1ethod blank analysis 
4) £nterval standard area and retention time monitoring 
5) Matrix spike/duplicates 
6) Surrogate spikes 
7) Criteria for qualitative identification 

Specifically, the above are described by Fisk ( 1986) in ASTM STO 925. Data form QC samples · 
will be used as a measure of perfonnance and as an indicator of possible cross-contamination. 

l3 



•.. ,. ···- - . n·_:n , ·~c· 

-APPENDIX ~B 

.. _- · h rl ' .,- •• '"'iA=e' • , •• ~ ··- _ > · _ 'bT e rP'*tt-·=: c==· "t · _ ·-_, ·•· ,. '"Qm a<· · ..a... .. h·zCnxno"' 

Soil, Sediment, and Wate-r 
Samplin.g and A:nalysis Plan 



Introduction 
Rc:!evant sections of the following sampling plan will be implemented for soil, sediment and water samples 
collected throughout the completion of field activities associated with site assessment performed at the National 
Zinc Site, Cherryvale Kansas. At the completion of sampling and analyses associated with this plan, a complete 
report of findings will be issued. 

The Phase I work plan includes the following sampling events: 

I. ., 

3. 

Soil samples to be coHected at EPA ·s disposal site. 
Sedim:::nt samples to be collected along the unnamed cre::k (discrete samples to be coHe::ted) and in Drum 
Cree!< (composite samples to be collected). 
Surface water samples will be collected from the unnamed creek and in Drum Creek (when st:J.nding water 
or surface water is encountered). 

This Plan outlines the methods and procedures that will be used by A & M Engine:::ring for colle::tion. preservation, 
tr:msportation and analysis of the samples collected during the implementation of the Phase I work pl:m. 

Soil Sample Collection 

Introduction 
The contaminated soils removed by the EPA from residential areas impacted by the National Zinc site operations in 
Cherryvale, Kansas were brought and disposed at the plant site. This site is referred to in this plan as EPA's 
disposal site. EPA was scheduled to survey the site on August 27,2002 and supply the land survey and information 
to the respondents (Salomon Smith Barney and U.S. Steel) when available. \V'hen the respondents receive this 
information, A & M Engineering will plot the location of EPA's disposal site on e:<isting site base maps and 
samples will be collected from the EPA disposal site area. The purpose of the sampling to be conducted by A & :Vl 
Enginc:::::ring is to obtain sufficient information on the Lead, Arsenic and Cadmium levels in the contaminated soils 
within EPA's disposal site to determine if deed restrictions will be warranted and to aid in the design of an 
appropriate clay cap for the disposal site. 

Sample Locations 
The EP.-\'s disposal site will be divided into grids with SO foot intervals. The grid system to be developed for the 
EPA's disposal site will be coordinated very closely with the grid system shown in Figure 1 which is based on 100 
foot intervals. From each 50':< 50' grid. two samples will be taken and composited into one sample. When t3e land 
survey information to be developed by the EPA is made available to A & M Engineering, that data will be plo<.ed 
to show the location of the EPA disposal site on Figure I along with the proposed grid system tor sampling. 

The following describes the protocol which will be followed during $ediment sample collection. 

Sample Depth 
At each $ampling point (two samph:s from each 50' ;( 50' grid) soil will be collected from 3" below the surface to 
36" below the surface. This sam ph: interval will represent the top 23" segment of the disposd contaminatc:d soil. 
The tOtJl depth of contaminat::d soil is anticipated to be around 3 feet. 
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Sampling Tools 
I. Sediment sampling device may be any of the following: 

a. Tube-type soil sampler(s) fitted with a 6-inch to 12-inch sampling rube 

b. Stainless steel or pla:~tic spoon or trowel 

c. Sharpshooter type shovel 

2. Nitrile or vinyl gloves to be worn by sampler'S during any activities which involve cont:J.ct with the 
sediment samples. 

3. Plastic or stainless steel tools and rubs for sample compositing. 

4. Pre-cleaned wide-mouth 500ml glass containers with T ef1on lined lids for composite sample retention. 

5. Distilled or de-ionized water for decontamination of equipment .. 

6. Alcono.~ soap for decontamination of equipment. 

Personal Protective Equipment 
Field peC'Sonnel will be equipped with the following peC'Sonal protective equipment: 

I. Hard hat 

2. Safecy glasses 

3. Rubber boots 

4. Nirrile or Vinyl gloves 

Nitrile or Vinyl gloves and disposable sampling tools will be placed in a plastic trash bag for disposal after use. At. 
the conclusion of sampling, liquid wa:;tes (Aicono:< solution, rinse water) will be transported to the site for disposal. 

Sampling Protocol 
Sampling of soil within the EPA's disposal site will be conducted using the following protocol: 

1. Grab sample locations based upon cwo grabs per 50' x 50' grid will be identified on the site base map by 
North and East coordinates from the survey grid provided by EPA. The locations will be transferred to the 
EPA's disposal site for sampling by field survey. 

2. Sampling staff will don cle:m Nitrile or vinyl gloves. Thoroughly clean the soil sampler (particularly the 
sampling rube) and plastic wash rubs with Alconox/distilled or de-ionized water mi:~rure and rinse wich 
distilled or de-ionized water. 

3. At each grab sample location, the soil surface will be penetrated approximately 8-inch.:s deep with tho: rube 
cype soil sampler. This top 8-inch segment will be discarded as cle:1n cover soil. The rube type soil 
sampler will reenter the original hole and a grab sample will be obtained from the 8-inch to 36-inch zone. 
This process will be repeated within a cwo foot radius of the original location until a sample about 500 ml 
in volume has been recovered from the location. The 500 ml grab sample will be placed in a clean mixing 
rub. A second gnb sample will be collected from the other previously marked location within that sampk 
grid and p!Jced in the clean mi:~ing rub 

When both gnb samples from a 50' ll so· grid have been obtained, the grab samples will be mixed in a :t!b 
to form a composite sample. The composite sample will be split rwo (2) ways with one split sent to the 
laboratory for analysis while one split will be retained for archive. The sample splits will be placed in 
separ:ne labeled gla;;s 500-ml capaciry jars and placed in cooler'S for shipment to the labor:nory and or.:: set 
of split samp!.:s w1l! be mainuined in the sampler'S custody. 
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A soil sampling log will be maintained by the sampling team for fucure reference (Figure 2) and entries 
will be made in the Field Notebook. 

4. Sampling team members will then clean the soil sampler(;), plastic rubs and plastic tools with Alconox. and 
distilled or de-ionized water. Sampling team members will don cle::m ~itrile gloves prior to continuing with 
sampling. 

5. The above sampling sequence will be followed for each of the remaining sample grids of the EPA's 
disposal ;ite. 

6. At conclusion of sampling, conduct final decontamination of sampling equipment and reusable personai 
prote:::ive equipment. 

Decontamination Procedures 
Decontamination procedures will consist of the following: 

l. Sampling team members will don cleJ.n :-Jiuile gloves prior to initiating sampling and J.fter each composite 
sample has been obtained. 

2. The soil sampling tool will be cleaned with a brush and a solution of Alcono:< prior to beginning sampling 
and after each composite sample has been obtained. Particular attention will be paid to any por.ion of the 
sampling tool with cracks, crevices or an irregular surface which might trap contaminated m:Herial. The 
sampling tool will then be rinsed with distilled or de-ionized water and. ifnecessar_;, dried with a clean 
paper towel. 

3. After sampling is complete, reusable personal protective equipment (i.e. boots) will be washed with an 
Alconox. soap solution and scrub brush, followed by thorough rinsing with d.:- ionized water. 

Preservation Procedures 
Since the only constituents of concern a.:;sociated with this sampling effort are :ne[als. no preservatives are required. 
The samples will be placed in the glass 500-ml sample jars in coolers while in tr:msit to :he laboratory. One set of 
split samples will be retained by the sampling te:lm for addition:~! analyses should it be deemed necessary or 
desir::~ble at a later date. 

Labeling; Chain of Custody 
:\ label with the following information will be affixed to each sample jar: 

Name of Sampling Firm 
Initials of Sampler 
Client/Source 
Site Name 
Sample Identification 
Identified as Grab (Discrete) or Composite 
Date of Sample Collection 
Time of Sample Collection 
Preservatives (if used) 
.A.nalyses requested to be pe~:ormc:d by Laboratory 

Tne c!"Jain of custody tor.n (Figure 3) will be completed and submitted with the sa.rr.plo::s and procedures outlir.ed :.n 
EPA SW-346 fotlowed throughout delivery of sample$ to the analytic::ll llbor:ltory. 
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Sediment Sample Collection 

Introduction 
As part of the National Zinc Site characterization, the unnamed creek downgradient of the former lagoon area and 
Drum Creek will be tested and analyzed to determine the extent and magnirude of offsite migration of contaminantS. 
To provide credible and defensible resultS, a defined plan for sample collection and analysis has been developed. 

Review of the previously conducted site assessments indicated that the unnamed creek contained sediments 
contaminated with Lead, Cadmium and Arsenic. The previously conducted sampling on Drum Creek showed 
contamination at the cont1uence of the unnamed creek with Drum Creek. RespondentS are proposing to collect 
sediment and water samples from both creeks. 

Sample Locations 

Sediment Sample Collection in the Unnamed Creek 

A & M Engineering will conduct a thorough survey of the sedimentS in the unnamed creek in order to develop a 
map of sedimentS and volume information on the sediments requiring removal from the drainage path. Information 
to be gathered will be recorded per 100ft. segment of the creek. The information will include sediment thickness, 
texrure, color, aerial extent and differences from native soil. Discrete sediment samples will be collected from the 
unnamed creek during the performance of the sediment survey where it is determined to be necessary to separate the 
sediments from the native soil. During this survey, if standing water or water flow is encountered in the unnamed 
creek, a sufficient number of surface water samples will be collected to determine the impact of the sedimentS on 
surface water and also to compare the surface water quality with groundwater quality. The sediment samples from 
the unnamed creek will be analyzed for Lead, Cadmium, Arsenic, Mercury, Chromium and Zinc. 

Sediment Sample Collection in Drum Creek 

Discrete sediment samples will be collected from Drum Creek at the locations shown on Figure I. lhe sediment 
samples obtained from Drum Creek will be analyzed for Lead, Cadmium, Arsenic, Mercury, Chromium and Zinc. 
The following describes the protocol which will be followed during sediment sample collection. 

Sample Depth 
The discrete sediment samples from Drum Creek will be taken from the top 6 inches of the accumulated sedim::::tS. 

Sampling Tools 
I. Sediment sampling device may be any of the following: 

a. Tube-type soil sampler{s) fined with a 6-inch to 12-inch sampling rube 

b. Stainlc:ss steel or plastic spoon or trowel 

c. Sh:upshooter type shovel 

2. Nitrile or vinyl gloves to be worn by samplers during any activities which involve contact with the: 
sedimc:nt samplc:s. 

3. Pre-cleaned wide-mouth 500ml gla.ss containers with Tdlon lined lids for composi:e >ampk r::::::Hion. 
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4. Distilled or de-ionized water for decontamination of equipment. 

5. Alconox. soap for decontamination of equipment. 

Personal Protective Equipment 
Field personnel will be equipped with the following personal protective equipment: 

5. 

6. 

7. 

8. 

H:~rd hat 

Saiery glasses 

Rubber boots 

Nitrile or Vinyl glove:; 

Nitrile or Vinyl gloves and disposable sampling tools will be placed in a plastic trash bag for dispos:~l a:'ter use. At 
the conclusion of sampling, liquid wastes (Alconox. solution, rinse water) will be transported to the site for disposal. 

Sampling Protocol 
Sampling of sediments along the unnamed drainage channel and Drum Creek will be conducted using the following 
protocol: 

1. Sampling staff will don cle::m Nitrile gloves. Thoroughly clean the soil sampler (particularly the sampling 
rube) with Alcono:</distilled or de-ionized water mi."trure and rinse with distilled or de-ionized watc:r. 

2. Beginning at the background sampling loc:1tions within Drum Creek samplers will establish gnb sample 
locations by meJ.Suring along the channel or Drum Creek with either a tape me:lsure or meJ.Suring whee!. 

3. At each sample location, the sediments will be penetrated approximately 6-inches deep with the rube type 
soil sampler or other appropriate pre-cleaned tool and cwo (2) samples about 500 ml in volur.Je c:ach 
removed. The 500 ml samples will be placed in separnte labeled glass 500-ml capaciry jars md placed in 
coolers for shipment to the laboratory and one set of split samples will be maintained in the samplc:rs 
custody. -

A soil sampling log will be maintained by the sampling team for future reference (Figure 2) md entries 
will be made in the Field Notebook. 

4. Sampling teJ.m members will then cle:ln the soil sampler(s) and other tools with Alcono.'( ar.d distillc:d or 
de-ionized water followed by a thorough rinse with distilled or de-ionized water. Sampling te:lm members 

will don clean Nitrile gloves prior to continuing with sampling. 

5. The above sampling sequence will be followed for e:~ch of the remaining sediment samples. 

6. At conclusion oi sampling, conduct ftnal decontamination of sampling equipment and reusable personal 
protective equipmc:nt. 

Decontamination Procedures 
Decontamination procedures will consist of the following: 

l. Sampling teJ.m members will don cle:m Nitrile gloves prior to initiating sampling and after e:~ch discrete 
sample has bc:en obtained. 

.., The soil sampling tool or other appropri:lte sampling tool will be cleaned with J. bru~h and a solution of 
.-\leona.'( prior to beginning sampling and after e:1ch composite sample hJ.S been obt:linc:d. P:~rticular 
att::ntion will be paid to any portion of the sampling tool with cracks, crevices or J.n irreg•.llar surface whic:: 
might trap cont:lmin:~ted mJ.terial. The sampling tool will then be rinsed wit.'-. distillc:d or ~e-ior.i:d w:~t::r 
and, i i nc:c::s:;ar-;. dric:d with a clc:an papc:r towel. 

8 



/ 

( 

3. After sampling is complete, reusable personal protective equipment (i.e. boots) will be washed with an 
Akonox. soap solution and scrub brush, followed by thorough rinsing with distilled or de-ionized water. 

Preservation Procedures 
Since me only constituents of concern associated with this sampling effort are metals, no preserv:J.tives are required. 
T:,e samples will be placed in the glass 500-ml sample jars in coolers while in rransit to the labor:nor;. One set ot· 
split samples will be retained by the sampling team for additional anJlyses should it be deemed necessJry or 
desirable at a later date. 

Labeling; Chain of Custody 
A label with the following information will be affixed to eJch sample jar: 

Name of Sampling Firm 
[nitials of Sampler 
ClienL'Source 
Site Name 
Sample [dentification 
ldentitied as Grab (Discrete) or Composite 
Date of Sample Collection 
Time of Sample Collection 
Preservatives (if used) 
Analyses requested to be performed by Laboratory 

The chain of custody form (Figure 3) will be completed and submitted with the samples and procedures outlined in 
EPA S\V-846 followed throughout delivery of samples to the analytical laboratory. 
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Water Sample Collection 

Introduction 
Surface water :iampks will be collected from the unnamed creek and Drum Creek. Locations of any water samples 
collected will be noted in the fidd notebook and on the sample location map. As discre!e sedim;::nt samples are 
collected along Drum Creek. a discrete water sample will be collc::cted from each sediment :iample loc:ltion. 

Sampling Tools 
I. Disposable Polyethylene bailer, dipper or bottle 

1. Nitrile or vinyl gloves co be worn by samplers during any activities which involve cor.t:~ct with the ;cil 
samples. 

3. Pre-cleaned wide-mouth 500ml plastic containers with nitric acid preservative and pla.;r.ic lids for 
sample retention. 

4. Distilled or de-ionized water for decontamination of equipment 

5. A!conox soap for decontamination of equipment. 

Personal Protective Equipment 
Field personnel will be equipped with lhe following personal protective equipment: 

1. 

1. 

3. 

4. 

Hard hat 

Safety glasses 

Rubber boots 

Nitrile or Vinyl gloves 

Nitrile or Vinyl gloves and disposable sampling tools will be placed in a plastic trash bag for disposal after use . .-\t 
the conclusion of sampling, liquid wastes (Alcono:< solution, rinse water) will be transported :o the site for dispos:~l. 

Sampling Protocol 
Sampling of water will be conducted using the following protocol: 

I. Sampling staff will don cle:m Nitrile gloves. 

2. Using a disposable bailer, immerse the bailer in the standing water to be sampled and withdraw the 
collected sample. 

3. Tne ,;ampler(s) will discharge the collected sample into the proper contJiners for tr:I.Ilsport to the analytical 
laboratory. Two (2) containers will be required for eJch water sample collected. One cont:liner will 
contain preservative (nitric acid) while the second container has no preservative. Boc..'1 cont.liners will ~e 
properly labded and plac:d in a prech.illed cooler ac 4° C for storage :md nnsport. 

A SJ.mpling log will be maintained by the sampling team for future referenc:: (Figure ::!) a.."''d entries will t;e 
made in the Field Notebook:. 

4 S:1mpling te::un memben will then don clean Nitrile gloves prior to continuing with s.:~mpling. 

5. The above sampling sequence will be followed for each water sample collected. 

6. At conclusion of sampling, conduce fmal decontamination of sampling equipment and reusable pe:;or.al 
protective equipment. 
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Decontamination Procedures 
D::cont:J.mination procedures ""ill consist of the following: 

l. Sampling team members will don c!e:J.n :"'itrile gloves prior to initiating ~ampling J.nd after each composite 
~ample has be::n obtained. 

2. The reusable sampling equipment will :::e cle:J.ned with J. brush and J. solution of .A.lconox prior to 

b::ginning sampling Jnd after e:J.ch sample has b::en obt:J.inec! . 

.J. After s:1mpling is .:omplece, reusable personal protective equipm::nc (i.e. boots) will b:: washed with :J.n 
Akono.'l. soap $Oiution and scrub brush, followed by thorough rinsing with de-ionized water. 

Number of Samples 
The \Ot:J.! number of water samples obtained during the field s:1mp!ing program will be determined by the amount of 
w::~ter encountered in the unnamed drainage ch::~nne! and Drum Creek. 

Preservation Procedures 
Sine:: the only consciruents of conce:-n associated with this sampling effort :u-e metals. nitric acid pr!servative is 
required. The samples for metals analysis will be placed in the prepreser.red pl:1stic 500-ml sample jars ::1nd 
m:lint::~ined :1t 4°C in coolers while in transit to the labor:uory. 

Labeling; Chain of Custody 
.-\ !abd wich the following information will be Jffixed co e::~ch sample container: 

Name ofSampling Firm 
Initials of Sampler 
ClienL·Source 
Site Name 
Sample Identification 
!c!encified :IS Gnb or Composite 
Date of Sample Collection 
Time of Sample Compos icing 
Preserv::~cives (if used) 
Analyses requested to be per:'omed by Labontory 

Tht: chain of :us cody form (F:gure 3) will be completed Jnd submined with the sampl::s and proc::dures ouc!ir.ed ir. 
E?A S \V -8_.6 followed throughout deliver:' of samples to the analytical laboratory. 

Field Notebooks 
E:1ch t"idd .1nd sampling Jctivir_, lt c.'1e site will b<! documented co <!nsure proper idencific:ltion and trlcki.'1g of :;arn~ks. 
Fit:!d notebooks w1ll be used :o c!occun::m c.1t: activities p::rformed l[ the site. Enaic:s will be wrinen ·.~·ith as r:1uc~ 
dt:t:lilJs possible:. At the beginning of ::ach entry, the: date, stan tir:-lc:, weather. names of all sampling te:un merr.b<::-s 
present. kvel of personal protection bc:ing LlSed, th:: signarure of the pc:rson making the en~' will be noted. Tnt: items 
th:lt will be: r~corded d.lily in the field notebooks include: the following: 

T~:: r:1eth0dology used for ic!::r.tifying sampling !oc:ltion:; md dept.~ and the corresponding sample: 
dt:sign::~tioru. 

Ot:!l1led infonnarion on Jll :;arnpb collected ::~nd results of field descriptions. 
Dc:sc:-:ptions oi ;;:.-:-:;;-i:.:"!g ::q~ipmenc used, indudi.ng dc:contaminJcion prcc::dures. 
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All entries will b~ m::~de in ink or pencil, and no er:1sures will be permitted. If an incorrect entry is m::~de, the 
information will be crossed out with ::1 single strike mark .. A..ny such corrections, saikeouts, and/or additions made in 
the field notebook will be cle:1rly identified as $UCh, and initialed by the person making such corrections and the date of 
the corrections noted n~xt to the initials. 

Analytical Parameters 

Soil and Sediment S:1mples 

P:lr:lmeters, methods J.nd detec:ion limits for soillnd sediment samples an::~lyses m::1y include the following: 

Parameter 

I. Total lead 
2. Tot::~l Cadmium 
3. Total Arsenic 
4. T ot::~l Chromium 
5. Totll Zinc 
6. Total Mercury 
7. pH 

W:1ter Samples 

Analvtic:ll Method 

Method SW846-60 10 
Mc!thod SW846-6010 
~vkthod SW346-60 I 0 
Method SW846-6010 
Method SW846-6010 
Mc!thod SW846-74701747l 
Mc!thod SW346-9045 

Detection Limit 
Soil 

O.S mglkg 
0.5 mglkg 
0.5 mglkg 
0.5 mg/kg 
0.5 mg/kg 
0.2 mg/kg 
-- sv 

Parameters, methods and detection limits for water samples analyses may include the fol!o-.ving: 

Parameter 

I. Total Lead 
2. Total Cadmium 
3. Total Arsenic 
4. Total Chromium 
5. Total Zinc 
6. Totll Mercury 
7. Specitic Conductance 
8. Total Hardness (CaCO;) 
9. T ot::1l Suspended Solids 
10. Field Temper.1rure 
11. Field pH 

An:1lvtical Method 

Method SW846-60 l 0 
Method SW846-6010 
Method S W846-60 l 0 
Method S W846-60 l 0 
Method S W846-60 l 0 
Method SW846-7470/747l 
EPA 120.1 
EPA 130.2 
EPA 160.2 

Method S \V846-9045/EPA 150.1 

Detection Limit 
\Vater 

0.005 mg!L 
0.005 mg!L 
0.005 mg!L 
0.005 mg/L 
0.005 mg/l. 
0.0002 mg:l. 

-- sv 

Analytical Laboratories 
The following !Jbor.1tory will be us~d for sample analysis: 

I. Sherry labomory ofOkl:lhoma, Tulsa, Okl:lhoma (certified in the State of Kansas) 

., If c!e::med nec::ss::~ry or desirable!, additionallabor.nories will be selected at a later d::~te. In such case. 
K.DHE will be: cont:lcted and ::~11 nc!cessary information rellted to the llborator; will be! submirted tor 
KDHE review and approval. After K.DHE approval, that particular !Jbor::~tory will be conrracted. 
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Quality Control and Quality Assurance (QC/QA) 
Field QCIQA 
Prior to conducting J.nY field testing, the instrument to be used will have the calibration checked against the appropriate 
standards, and if required. recalibrated according to tho: mJ.nufacrurer's recommendations. Calibration logs will be 
maintain.:d on the project site for ach i.n.strument which may be used for field Jnalysis. 

Field samples colkcted will be a soil maui:<.. thus disallowing the use of a "Trip Blank'" or '"field B!an..!,;. fer soil 
samples collected Ul the fidd, and a-an.sported to a contract labor.uor; tor analysis. quality control will be: limited to 
sample duplicates. Duplicate samples will be coll.:c:ed at a rate of one duplicate sample per each r-•·enry field 5.U:1pl~ 
collected. To prevent bi:lS on the part of the laboratory when analyzing samples, the duplicate:; will b.: laoeled with the 
same identification information as other samples, and no distinction noted that the sample is a QC duplicate. A record 
will be made tn the field notebook and on the soil sampling log, which will provide field personm:l relevJnt ir.formation 
about the corn:latmg sample number. 

\Vhen reusable sampling equipment is used to collect tield samples. equipment rinsate blanks will be colle-::ed at a rate 
of one per r-venty investigation samples per sample medium or one per d.:ly per sample medium, whicheve~ is less, to 
demonstrate that decontamination procedures are effective in preventing cross-contamination. 

Laboratory QCIQA 
The lnalyticallaboratory will be analyzing matrix spikes, matrix spike duplicates. surrogate spikes and 5l!rrogate 
spike duplicates as part of its qualiry control procedures. To ensure the integriry Jnd validity of dam ge:re.-ated 
during the analysis of samples, the analytic:~! laboratory will follow it's standard Qualiry ControliQualiry A;surance 
(QC/QA) Program throughout its involvement in this project. 
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SECTION 1.0 INTRODUCTION 

The Quality Assurance Project Plan (QAPP) presented herein is structured to implement the 

procedures necessary to achieve and maintain a consistently high level of quality in 

environmental site investigation activities performed at the National Zinc Company Site, 

Cherryvale, Kansas. This consistency \Vil! be accomplished through the standardization and 

thorough documentation of field techniques and activities. This QAPP is presented in a format 

that provides the structure for achieving a high level of confidence in the quality of work 

performed. 

Definable Features of Work 

This QAPP is generated to address the Cherryvale site investigation activities specitied in the 

Sediment and Water Sampling and Analysis Plan. 

Analytical Sampling 

The objective of field sampling and laboratory analytical procedures is to obtain defensible dat:l 

using the data quality objective (DQO) process for data collection. Data quality requirements for 

precision, accuracy, representativeness, comparability and completeness are defined for a site and 

must be achieved in order to satisfy DQOs. 

A major required component of all field investigation sampling plans is maintaining sample 

integrity from collection to data reporting. To maintain and document sample possession, ch2.in

of-custody procedures must be implemented. Elements of the chain include, at a miiLimum: 

·Sample seals 

·Labels with identification numbers to allow for sample tracking 

·Field log books 

·Field data record forms 
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·Chain-of-custody records 

·Sample analysis request sheets 

·Bills of lading and air bills 

·Field and laboratory tracking fonns. 

Field and laboratory sample custodians or their designated representatives are responsible for 

maintaining custody of samples. A sample is considered to be under a person's custody if one or 

more of the following conditions are met: 

·It is in the person's physical possession. 

• It is in view of the person. 

•It is secured by the person so that no one can tamper with the sample without being 

detected. 

•It is secured by the person in an area that is restricted to authorized personnel. 

Chain-of-custody will be maintained in the field through use of field log books, chain-of-custody 

records, sample labels, custody seals and airbil!Sibills of lading. Once the samples have arrived 

in the laboratory, the chain-of-custody is continued through use of an internal sample tracking 

system and locked or limited access sample storage areas. All records which are generated 

through the field and laboratory efforts are part of the Quality Assurance records kept in the 

project file. Each of the three steps which comprise the chain-of-custody process are described 

below. 

Field Sample Custody 

The sample custody program includes procedures for the preservation of samples, sample 

identification, recording sample collection locations and specific considerations associated with 

sample acquisition. The chain-of-custody requires, at a minimum, the following: 

·Appropriate project identification infonnation, 
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·Sample identification, 

·Sample location, 

·Sample date and time, 

·Sample matrix, 

·Number of containers per sample, 

·Analysis required, 

·Sampler's name, 

• Release and acceptance information: i.e., date, location and technician's signature. 

In-situ or field measurements (e.g. pH measurements, temperature, conductivity, flow 

measurements, compaction and air monitoring data) are recorded in field log books or on field 

data record forms. Sample containers are labeled or tagged appropriately according to applic:J.ble 

implementing procedures and plans. Labels or tags contain the following information: 

·Organization and site name, 

·Location of sample collection, 

·Date and time of sample collection, 

·Preservation, 

·Sample identification number, 

·Name(s) of sampler(s). 

Custody seals will be affixed to all shipping containers. Samples are accompanied by chain-of

custody records. Completed chain-of-custody documents are retained as quality assurance 

records and maintained in accordance with the Quality Assurance Program. 

Laboratory Sample Custody 

Samples are packaged and delivered personally or shipped to the laboratory in accordance with 

U.S. Department ofTransportation requirements with a separate custody record accompanying 

each shipment. Authorized sample custodians at the laboratories sign for incoming field 
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samples, obtain documents of shipment and verify data entered onto the sample custody records. 

The laboratories are required to inform A & M Engineering and Environmental Services, Inc. (A 

& M Engineering) ofreceipt ofsamples within one working day. If any damage or shipping 

discrepancy is noted upon receipt of samples, the laboratories are required to inform A & M 

Engineering. The Project Quality Control Manager and Project Man-ager will be notified. The 

samples are then entered into an internal tracking system and placed in locked or limited access 

storage in order to maintain internal chain-of-custody. Contract laboratories are required to 

maintain custody of samples to assure sample integrity. 

Quality Assurance Records 

Records generated as a result of analytical sampling activities are Quality Assurance Records and 

will be processed in accordance with the requirements of this QAP Plan. Documents such as 

Chain-of-Custody Records, analytical testing results and other required laboratory deliverables 

are essential documents necessary to ensure the integrity and defensibility of data used to make 

decisions in the remediation process. Further, Quality Assurance Records provide the record of 

events that have occurred for all features of the remedial work and their adequate generation, 

review, protection and submittal is essential to the success of the project. 

Data Quality Objective 

The objective is to establish the precision, accuracy, representativeness, completeness and 

comparability requirements of environmental sampling, analysis and measurement data. The 

parameters to be analyzed and associated detection limits are outlined in the Sediment and Water 

Sampling and Analysis Plan (Sampling and Analysis Plan). The Sampling and Analysis Plan 

also provides requirements for field sampling and testing. Samples will be collected in the field 

according to the Sampling and Analysis Plan which provides the details for decontamination of 

sampling equipment, sample packaging and preservation, transportation, sample numbering, 

chain-of-custody and documentation requirements. Samples will be collected in the field and 

sent to laboratories certified to perform the required analyses. Spiked and duplicate samples will 
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be used to develop estimates of the accuracy and precision of the analytical data. Field 

surveillance of sampling, field measurements and chain-of-custody procedures will be used to 

verify that proper techniques are being followed. 

?reconstruction-Remediation Quality Co11trol iV/eetings 

To ensure that all parties performing work at the National Zinc Company Site, Cherryvale, 

Kansas fully understand the Quality requirements established for this project, a Pre-Investigation 

Meeting will be held prior to the start of site investigation activities. Attendees at the meeting 

include the Contracting Officer, or designee; the A & M Engineering Project ~lanager; the A & 

M Engineering Project Quality Control Manager; the A & M Engineering Project 

Superintendent; and K.DHE personnel. Minutes of the meeting shall be prepared by the A & M 

Engineering Project Superintendent and signed by all meeting attendees. A copy of the minutes 

of the meeting will then be provided to the contracting officer and K.DHE personnel. 
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SECTION 2.0 QUALITY CONTROL PERSONNEL 

Quality Control 1Vanager (QCiltl) 

All project activities will be monitored by QCM to ensure that they are consistent with the 

procedures described in the Work Plan and are capable of providing data of sufficient quality to 

achieve the project objectives. QCM is responsible for the following activities: 

Implement Quality Assurance Project Plan (QAPP). 

Maintain communication with Project Manager and Sampling Personnel to ensure that 

all field activities are performed in accordance with the Sampling and Analysis Plan and 

achieve the Quality Standards required. 

Conduct field audits during sampling activities to determine if proper procedures are 

being followed. 

Review field and analytical data for completeness and accuracy. 

Report on a regular and timely basis inspection/test results. 

Maintain a Quality Assurance file of all data and other project records. 

Laboratory QAJQC Officer 

Sherry Laboratory of Oklahoma will analyze samples and laboratory QNQC will be the 

responsibility of the laboratory QNQC Officer. Also, the Laboratory Manager is responsible for 

QNQC requirements. A Quality Assurance Manual for Sherry Laboratory of Oklahoma is 

included in the Sampling and Analysis Plan as an appendix. 

The QNQC Officer will report to the Quality Control Manager. 
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SECTION 3.0 REQUIRED QC DOCUMENTATION 

This section of the Quality Assurance Project Plan delineates the required Quality Control 

documentation that is to be completed to support the National Zinc Company Project. Table 3-1 

provides a listing of required checklists to be completed when performing inspections and 

specific forms to be used for activities such as sample chain-of-custody. Samples of these forms 

are included as attachments to this section. 

TABLE 3-l :Required Documemation 

Document Name Document Number Completed By 

Contractor Daily Report A & M Site Supervisor 

Soil Sampling Log Quality Control/Sampling 
Technician 

Chain-of-Custody Form Quality Control/Sampling 
Technician 
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SECTION4.0 LABORATORY QUALIFICATION PACKAGE 

Laboratory services will be conduGted by Sherry .Laboratories of Oklahoma. 

For analytical sample. testing, the. selected laboratory must meet, as a rninimum, U.S. EPA and 

State of Kansas DHE requiremenfs. The laboratory will be required to submit their l<1boratory 

QAPP to A & M Engineering. Additionally, the.selected analytical laboratory will be:required to 

submitdeliverables tO support the data validation process. The laboratory willhave Quality 

Control measures meeting the criteria stated inTables.oflntemal (Laboratory) QC Sampld, 

Quality Assu.rance Goals-· Prec.isioh, Quality Assurance Go~ls -Accuracy, Percent Recovery, 

and CalibratiOn Procedures. These tables are included at th,e end of this se.cti'on. 
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SECTION 5.0 IDENTIFICATION AND CONTROL OF SAMPLES 

This procedure describes standard procedures for sampling during the site remediation activities, 

including decontamination, packaging, transport and sample custody. Sample documentation is 

described and examples of types of documentation forms are provided. 

Responsibilities 

Quality Control Manager (QCM) 

The QCM is responsible for performance of preparatory, initial and follow-up inspections of 

analytical sampling activities to ensure compliance with the requirements of this procedure and 

the Quality Assurance Project Plan. Additionally, the QCM is responsible for maintaining the 

status of sampling activities on the Remediation Plan provided in the Quality Assurance Project 

Plan. 

Sample Technician 

The Sample Technician is responsible for the physical collection of samples in accordance with 

the requirements of this procedure, and for ensuring proper chain-of-custody of collected 

samples. 

Definitions 

Sampling Event 

A sampling event is considered to be from the time the sampling personnel arrive at the site unci! 

the personnel leave for more than a day. An example of two sampling events would occur if 

sampling personnel went to a site for three weeks, collected surface samples, drilled borings and 

put groundwater wells in place. During this visit, soil and water samples were collected. The 

sampling crew then left the site for two months, thus concluding the first sampling event. The 
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crew later returned to collect another set of samples over a three-day period. The second visit 

would constitute the second sampling event. 

Trip Blank 

Trip Blanks are QC samples which originate from analyte-free water taken from the laboratory to 

the sampling site and returned to the laboratory with the volatile organic (VOA) samples. One 

trip blank should accompany each cooler containing VOAs, should be stored at the laboratory 

with the samples and analyzed by the laboratory. Trip blanks are only analyzed for VOA.s. No 

VOAs are planned for this project. 

Equipment Rinsate 

Equipment rinsate is a type of QC sample and are the final analyte-free water rinse collected after 

equipment decontamination and during a sampling event. Equipment rinsate will be taken once 

each sampling event. If analytes pertinent to the project are found in the rinsate, the field 

decontamination procedure will be evaluated and improved. The rinsate is analyzed for the same 

parameters as the related samples. 

Field Blanks 

Field blanks are a type of QC sample that consists of the source water used in decontamination. 

At a minimum, one field blank from each event and each source of water must be collected and 

analyzed for the same parameters as the related samples. 

Field Duplicates/Splits 

Field Duplicates (or splits) for soil samples will be collected in the field and prepared by 

homogenizing the soil sample and splitting into two samples. All samples except those 

designated for VOA analysis will be homogenized and split. For VOA analysis, select segments 

of soil will be taken from the length of the core and placed into 40 ml glass vials. Cores may be 

sealed and shipped to the laboratory for subsampling if the project deems this appropriate. The 
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field duplicates for water samples should be collected simultaneously. Field duplicates should be 

collected at a frequency of 5% per sample matrix. All the duplicates should be sent to the 

primary laboratory responsible for analysis. The same 

samples used for field duplicates shall be split by the laboratory and be used as the laboratory 

duplicate or matrix spike and a matrix spike duplicated (MS/MSD). This means that for the 

duplicate sample, there will be analyses of the nonnal sample, the field duplicate and the 

laboratory MS/MSD. A separate MS/MSD will not be collected in the field, but \v~ll be obtained 

from the field duplicate by splitting the sample in the laboratory. 

Sampling Requirements 

Decontamination 

Equipment that may come in contact with potentially contaminated soil, sediment, waste, or 

water will be decontaminated prior to and after use. Decontamination consists of phosphate-free 

detergent wash, and distilled, deionized (D£), or clean water rinse, as appropriate. 

Sampling equipment will be decontaminated utilizing EPA guidelines. Summary 

decontamination steps are as follows: 

Water Sampling Equipment 

Prior to collecting a water sample, non-dedicated sampling equipment must be 

decontaminated according to the following procedure. 

1. Equipment. Remove all visible contamination with clean tap water and an 

AlconoxTM solution. [fthis is not effective, use a clean soft cloth or sponge or use 

pressurized water to clean equipment. If required, a brush may be used to cle:1n 

stainless steel or metal equipment but not plastic equipment, which may be 

scratched by the brush. After cleaning equipment with tap water, triple rinse 

equipment with distilled or de-ionized water. 
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2. Hoses. Clean outside of hoses with high pressure hot water. Pump 3 volumes of 

clean tap water through hoses. If possible, use pressurized tap water. After 

cleaning hoses with tap water, pump 3 volumes of distilled or de-ionized water 

through hoses. 

3. Probe tips and meters. Triple rinse with distilled or de-ionized water. 

4. Collect sample according to the specific procedure for the sample type. 

5. Rinse all sample collection equipment with clean tap water followed by distilled 

or de-ionized water. Store equipment in clean containers. 

Soil and Sediment Sampling Equipment 

Equipment used to collect samples for chemical analysis requires thorough 

decontamination, as described below: 

1. Wash equipment (augers, split spoons, utensils, etc.) with distilled or de-ionized 

water, an Alconox TM solution, and/or a high-pressure washer. If visible 

contamination remains, steam clean the equipment. 

2. A solvent rinse {Isopropanol) may be required to remove organic contamination 

that is not removed by washing and/or steam cleaning. 

3. Rinse with clean tap water. 

4. Triple rinse all equipment with distilled or de-ionized water and allow to air dry. 

5. Collect sample according to the specific procedure for the sample type. 

6. Rinse all sample collection equipment with clean tap water followed by distilled 

or de-ionized water. Store equipment in clean containers. 

QA Sample Codes: 

F- Field Blank 

E - Equipment Rinsate 

T- Trip Blank 

The sample code will be followed by a four-digit date where the first two digits indicate 
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crew later returned to collect another set of samples over a three-day period. The second visit 

would constitute the second sampling event. 

Trip Blank 

Trip Blanks are QC samples which originate from analyte-free water taken from the laboratory to 

the sampling site and returned to the laboratory with the volatile organic (YOA) samples. One 

trip blank should accompany each cooler containing VOAs, should be stored at the laboratory 

with the samples and analyzed by the laboratory. Trip blanks are only analyzed for VO:\s. No 

YOAs are planned for this project. 

Equipment Rinsate 

Equipment rinsate is a type of QC sample and are the final analyte-free water rinse collected after 

equipment decontamination and during a sampling event. Equipment rinsate will be taken once 

each sampling event. If analytes pertinent to the project are found in the rinsate, the field 

decontamination procedure will be evaluated and improved. The rinsate is analyzed for the same 

parameters as the related samples. 

Field Blanks 

Field blanks are a type ofQC sample that consists of the source water used in decontamination. 

At a minimum, one field blank from each event and each source of water must be collected and 

analyzed for the same parameters as the related samples. 

Field Duplicates/Splits 

Field Duplicates (or splits) for soil samples will be collected in the field and prepared by 

homogenizing the soil sample and splitting into two samples. All samples except those 

designated for VOA analysis will be homogenized and split. For VOA analysis, select segments 

of soil will be taken from the length of the core and placed into 40 ml glass vials. Cores may be 

sealed and shipped to the laboratory for subsampling if the project deems this appropriate. The 
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field duplicates for water samples should be collected simultaneously. Field duplicates should be 

collected at a frequency of 5% per sample matrix. All the duplicates should be sent to the 

primary laboratory responsible for analysis. The same 

samples used for field duplicates shall be split by the laboratory and be used as the laboratory 

duplicate or matrix spike and a matrix spike duplicated (MS/MSO). This means that for the 

duplicate sample, there will be analyses of the normal sample, the field duplicate nr.d the 

laboratory MS/MSD. A separate MS/MSD will not be collected in the field, but \vi!! be obtained 

from the field duplicate by splitting the sample in the laboratory. 

Sampling Requirements 

Decontamination 

Equipment that may come in contact with potentially contaminated soil, sediment, waste, or 

water will be decontaminated prior to and after use. Decontamination consists of phosphate-free 

detergent wash, and distilled, deionized (DI), or clean water rinse, as appropriate. 

Sampling equipment will be decontaminated utilizing EPA guidelines. Summary 

decontamination steps are as follows: 

Water Sampling Equipment 

Prior to collecting a water sample, non-dedicated sampling equipment must be 

decontaminated according to the following procedure. 

1. Equipment. Remove all visible contamination with clean tap water and an 

Alconox1
:-.

1 solution. If this is not effective, use a clean soft cloth or sponge or use 

pressurized water to clean equipment. If required, a brush may be used to cleo.n 

stainless steel or metal equipment but not plastic equipment, which may be 

scratched by the brush. After cleaning equipment with tap water, triple rinse 

equipment with distilled or de-ionized water. 
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2. Hoses. Clean outside of hoses with high pressure hot water. Pump 3 volumes of 

clean tap water through hoses. If possible, use pressurized tap water. After 

cleaning hoses with tap water, pump 3 volumes of distilled or de-ionized water 

through hoses. 

3. Probe tips and meters. Triple rinse with distilled or de-ionized water. 

4. Collect sample according to the specific procedure for the sample type. 

5. Rinse all sample collection equipment with clean tap water followed by distilled 

or de-ionized water. Store equipment in clean containers. 

Soil and Sediment Sampling Equipment 

Equipment used to collect samples for chemical analysis requires thorough 

decontamination, as described below: 

1. Wash equipment (augers, split spoons, utensils, etc.) with distilled or de-ionized 

water, an Alconox TM solution, and/or a high-pressure washer. If visible 

contamination remains, steam clean the equipment. 

2. A solvent rinse (Isopropanol) may be required to remove organic contamination 

that is not removed by washing and/or steam cleaning. 

3. Rinse \Vith clean tap water. 

4. Triple rinse all equipment with distilled or de-ionized water and allow to air dry. 

5. Collect sample according to the specific procedure for the sample type. 

6. Rinse all sample collection equipment with clean tap water followed by distilled 

or de-ionized water. Store equipment in clean containers. 

QA Samole Codes: 

F- Field Blank 

E - Equipment Rinsate 

T -Trip Blank 

The sample code will be followed by a four-digit date where the first two digits indicate 
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the month and the second two digits indicate the day, (ex: August 14 would be written as 

0814). As an example, X..."XX-W06-F 1025 is the sample identifier for the field blank 

collected at SWMU 6 on October 25. 

Sample Packaging and Transport 

Each sample will be packaged and transported appropriately as described in the following 

protocol: 

Collect samples in appropriate containers and add preservatives, as needed (Table 

I). 

Print the following information clearly in waterproof ink on the label for each 

sample container: the preservative that has been added to each sample container, 

the sample number, the project number, the initials of the sample collector, and 

the date and time the sample was collected. For water samples, package sets 

together if appropriate. 

Fill out field sample log and chain-of-custody record. 

Separate and place samples in coolers according to laboratory destination and 

according to expected concentrations (e.g., lowest concentration samples 

together). Each cooler must weigh less than 70 pounds including ice. Package 

samples well to protect from shipping damage. 

Place samples on ice, as necessary (Table l ). 

Seal the top two copies of each chain-of-custody fonn inside a zip lock bag. Use 

strapping tape to attach the packet to the inside of the cooler lid. Samples will 

always be accompanied by a chain-of-custody record. When transferring samples, 

both the individuals relinquishing and receiving the samples will sign and date the 

chain-of-custody record. Samples will be packaged properly for shipment, 

including isolation of samples thought to have high chemical concentrations and 

dispatched to the appropriate laboratory for analysis. 

Secure cooler with custody seal. 

14 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

j 

! j 

j 

j 

j 

j 

j 

j 

j 



( 
\ 

Field observations and comments, 

Any modifications to or deviation from the site specific Sampling and 

Analysis Plan. 

Chain-of-Custodv Record 

A chain-of-custody record will be filled out for and will accompany every sample to the 

analytical laboratory to establish the documentation necessary to track sample possession 

from the time of collection. A copy of the chain-of-custody form will be retained in the 

investigation files according to project number. The record will contain the following 

information: 

Sample number or identification, 

Names of samplers, 

Signature of collector, sampler or recorder, 

Location of project, 

Project manager's name, 

Date of collection, 

Place of collection (site location), 

Sample type, 

Analyses requested, 

Inclusive dates of possession 

Signature of person relinquishing or receiving sample, 

Laboratory sample number, where applicable, 

Date and time of sample receipt, 

Method of shipment and courier name. 

Corrections to Sample Documentation 

Original data recorded in field investigation daily reports, chain-of-custody records, and 
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other forms will be written in waterproof ink. None of these documents will be altered, 

destroyed or discarded, even if they are illegible or contain inaccuracies that require a 

replacement document. 

If an error is made on a document compiled by one individual, that individual will make 

the necessary correction by crossing a single line through the error, entering the .::orrect 

information and initialing and dating the change. The erroneous information will not be 

obliterated. Any subsequent error(s) discovered on a document will be corrected by the 

person discovering the error. All corrections will be initialed and dated. Site-specitic 

documentation will be reviewed by site managers on a daily basis. 

REFERENCED FOR.vlS 

Chain-of-Custody Form, 

Tables on Sample Preservation and Storage Requirements. 
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SITE SPECIFIC HEALTH & SAFETY PLA.N ADDENDUM 
(FIELD SAMPLING ACTMTIES) 

Project Summary: 

FOR 

National Zinc Site 
Cherryvale, Montgomery Counry, Kansas 

!\(arch 28, 2002 

A & M Engineering and Environmental Services, Inc. (A & M Engineering) has been 
contracted by Salomon Smith Barney Holdings, me. and the United Steel Corporation to 
conduct soil, sediment and water sampling activities as part of the overall 
characterization to be conducted at the National Zinc Site located in Cherryvale, 
Montgomery County, Kansas. Samples of sediment and water will be collected primarily 
from the unnamed drainage channel, Drum Creek, and background locations. Figure l 
(\Vater an~ Sediment Sampling Locations) shows the sample locations. 

The primary contaminants of concern are lead, cadmium, zinc, chromium, and silver; all 
of which have been detected on-site at elevated levels as a result of the former smelter 
facility. These heavy metal contaminants are present on-site in concentrations that could 
potentially pose a health hazard from dermal contact/ingestion and/or associated dust 
inhalation. Therefore, all workers on-site will be 40-hour HA.ZWOPER trained. 

Corporate Health & Safety Pbn: 

A & M Engineering has a Corporate Health & Safety Plan (CHSP) in place that addresses 
all aspects of health and safety encountered on typical project sites. However, specific 
project needs are addressed in th.e following addendu..rn. A copy of the CHSP is available 
for Kansas Department of Health & Environment (KDHE) and client representatives 
upon request. A copy of this addendum and the CHSP will be kept on-site at all times 
during field sampling activities. 
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Emergency Contingency: 

P:-ior to commencement of construction activities an assembly point will be designated 
for emergency situations. At least one ( l) cellular phone will be available on-site during 
all field sampling activities. The closest emergency response entities are shown belo\v: 

Mercy Hospital ( 11.3 miles south\',:est)-
300 \Vest Myrtle Srreet 
Independence, Kansas 6730 l 
(620) 331-2:200 

DIRECTIONS SEE 
:\. TTACHMENT 1 (!\-lAP) 

Cherryvale Fire Department
[ 16 South Neosha Street 
Cherryvale, Kansas 

DIRECTIONS SEE 
.-\ TT.-\CHMENT 1 (MAP) 

(620) 336-2121 

Cherryvale Police Department (620) 336-2400 

Montgomery County Local Emergency Planning Commission (LE.P.C) 
County Judicial Court Basement 
300 East Main Street 
Independence, Kansas 6730 [ -3 7 62 
(620) 252-4614 

ALL El\llERGENCIES 911 

Pre-Construction Activities: 

Prior to commencement of field sampling activities a Preiiminary Site Entry Ev::duation 
Form (.-\tmchmem 2) will be compk~ed by either the Site Project Manager (SPM) or Site 
Construction Supervisor (SCS) with the assistance of the Corporate Health & Safety 
Officer (CHSO) or his designee as deemed necessary by Corporate Management (C011). 

Relative to the information compiled on the Preliminary Site Entry Evalu3.tion Form and 
in reference to the health and safety requirements included herein 3. Pre-Construction 
He:~.lth & Safety Meeting will be conducted for all A & M Engineering personnel and 
subcomnctors to be involved in the on-site field sampling activities. The meeting will be 
conducted by eit.1.er of the following individuals: 

Site Project Manager (SP~1) 
Site Construction Supervisor (SCS) 
Corporate Health & Safety Officer (CHSE) 

Altay Ertugrul 
David Anderson 
Jeff Elbert 
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Assistant HeJlth & Safety Officer (A.HSO) 
Site He:1lth & Safecy Officer (SHSO) 

Joe Kennedy 
Jon Kuhn 

Attendees will be required to sign the Pre-Job Safety Orientation Signature Sheet 
included as Attachment 3. 

F acUity .-\.ccessfEgress: 

Workers will enter and exit the facility at designated locations. All workers are restricted 
to the are:.1s where they are performing work and wandering will not be permitted. The 
general on-site roadway speed limit is 15 MPH unless otherwise posted. 
All vehicles will travel on designated roads. Roadways will not be blocked wirhom prior 
approval. Vehicles and equipment will not be left running unattended. 

0io weapons, tire:mns, or explosives will be allowed on any worker or within any 
vehicle/equipment entering the site. 

Specific Environmental Stand:1rds: 

Provisions will be made to ensure that all work is done in compliance with all 
environmental laws, rules, and regulations in a way that minimizes potential releases to 
the environment. 

Hygiene & Personnel Protective Equipment: 

All workers required to work within areas that may require the use of respirators will be 
clean shaven, except for mustaches which do not exceed the comers of the upper lip and 
sideburns which do not extend below the earlobes. Bottled drinking water and toiler 
facilities will be provided, as appropriate in designated areas. Smoking and other tobacco 
use will be limited to restricted areas. 

Personal Protective Equipment (PPE) will be provided to all workers (at no cost) and 
include the following at a minimum: 

Hard Hat (.~'l"SI Z39.1 approved) 
Safery Glasses (A.!'\fSI Z87 .l approved) 
Steel Toed Rubber Boots with minimum six inch uppers 
Nitrile or vinyl gloves 
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(Maps To N~aresr Hospital &. Fire Oeparnn:ent) 
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(Preliminary Site Entry Evaluation Fonn) 
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PRELP.-WARY SITE E:'ITRY EV . ..U.UA TlON FOR.\.! 

SITE :-; .. \.:v£E: ___________ _ PRO.ITCT L'll.Jl\ffiER: --------
CONDL'CTED BY: ------------ 0.-\TE: ________ _ 

DESIG~."'-TED SP:'v!: ----------- DES IGL'I.-\. TED SCS: ------------------
PHYSIC..\1. H.U.-\.R.DS (E'iCLL"DE TRIPS, FALLS. EXC.-\ VA TION H.-\Z.ARDS, ETC.J: ------------

EXPOS L"R.E H.-\.L-\.R.DS (C'ICU..IUE AC:'¥1. LBP, VOLA TILES. ETC.): -----------------

IS PR.ELC'v!I"o'.-\..RY MONITORING OR "'tHERL\L CH.AR.-\CTERlZA.TION L'IEEDED'~ DESCRIBE:-------

IS .'v!ONITORL"<'G REC01"['v£E::'lDED DL"'R..i.'iG PRO.ITCT .-\CTTVTIIES"? DESCRIBE:------------

PPER.EQL1RED~CLu"DEROLLESOFEL'ITR~: _________________________________________ __ 

.-\R.E S.-\iET'{ FE.Ht"RES OPERHION . ..U. ON EQuTP:'v£E::'oL TO BE uSED? FIR£ EXT"C'i'Gl'1SHERS L'i Pl...1.,.C:: ~ 
DESCRIBE: ___________________________________________ __ 

-Comp!<!C:!d Pr'!!imin:uy Sit<! Ent'!"y Ev:1lu:Hion Forms 1re kept in Appendu H 
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ATTACHMENT 3 
(Pre-Job Safety Orientation Signature Sheet) 
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RECEIVED 
NOV 2 5 ZOOZ 

BUREAU OF 
ENVIRONMENTAL REMED.IATION 

Topeka, KS 66612-1367 

RE: Former National Zinc Site, Cherryvale, Kansas 

Dear Mr. Bean: 

Enclosed are three copies of Amendment No. 1 to the Revised Plan for the former National 
Zinc Site at Cherryvale which was submitted September 16, 2002. The enclosed Amendment No. 1 
to Revised Plan is submitted on behalf of Respondents Salomon Smith Barney Holdings, Inc. 
(Salomon) and United States Steel Corporation (USS). As was the case with the Revised Plan itself, 
Amendment No. 1 is submitted under the conditions set forth in my letter to you dated March 15, 
2002 (fourth paragraph) and Mr. Smiga's letter to you dated March 18, 2002. 

Amendment No. 1 contains the responses of Respondents to KDHE's comment letter dated 
October 30, 2002. The Respondents believe that these responses are consistent with the discussion 
which took place in the telephone conference held between Messrs. Limesand, Wentz and Ertugrul 
on November 14, 2002. Also, consistent with that telephone discussion, this will confirm that after 
the RSE Phase I Work Plan has been completed and the data collected in that process_ has been 
evaluated, the Respondents will be open to conducting additional sampling or testing where 
necessary to enable KDHE to promptly select a remedial alternative, as envisioned by paragraph 43 
of the revised Consent Order I transmitted by email to Erika Bessey on October 24, 2002. 

After reviewing Amendment No. 1, please advise if KDHE has any further comments on the 
Revised Plan as amended. If not, we are available at Erika's convenience to work on finalizing the 
Revised Consent Order referenced above. 
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If you haVe a.ny questions, please :give ·me a call. 

Sincerely, 

Williarn C. Anderson of 
DOE~"ER, SAUNDERS, DANIEL & AJ\"DERSQN, L.L.P. 

WCA/sm 
Encloswe 
cc: -Ellen O'Brien, Esq. {w/encl.)- Via'Federal Express 

David.Mo:n:iot, Esq. (w/encl.)- Via.Federal Express 
David. L. Smiga, Esq. '(w/encl.)- Via· Federal Express 
Charles .N, Wentz. (w/encJ.),...:..Via Federal Expres? 
Erika B'essey, Esq .. (w/encl.)- Via Federal Expr:ess 
Altay Ertugrul, A&MEngineering (w/o encl.)- Via Facsimile· 
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AMENDMENT NO. 1 TO REVISED PLAN FOR 
FORMER NATIONAL ZINC SITE, CHERRYVALE, KANSAS 

Respondents have reviewed Kansas Department of Health and Environment's (KDHE) 
comments contained in its October 30, 2002 letter and, iri response, have prepared this 
amendment to the Revised Plan dated September 16, 2002. The following presents the 
Respondents' responses to each KDHE comment. 

Response to KDHE Comment No. 1 

TI1e respondents concur with the KDHE conunent, and the evaluation of sediment quality 
will be completed as stated in the revised work plan prior to determination of remediation 
goals. 

Response to KDHE Comment No.2 

The respondents will be conducting a hydrogeologic investigation at the site in addition 
to the surface water and sediment sampling. During hydrogeologic investigation, the 
groundwater and surface water interaction will be investigated as well. The surface _ 
water, if present during sampling, will be surveyed for elevation and compared with the 
groundwater elevations in the new monitoring wells. 

Response to KDHE-Comment No.3 

After discussion with KDHE regarding the lack of representative clean background 
locations on Unnamed Creek, it was decided that, at _this time, no background sample v..ill 
be taken from the Unnamed Creek watershed. 

Response to KDHE Conunent No. 4 

See response to Comment No. 2 above. 

Response to KDHE Comment No. 5 

Blind duplicate samples will be collected at a frequency of one duplicate sample per 
twenty field samples per sampling mediwn, or one per sampling day, whichever is less. 

Response to- KDHE Conunent No. 6 

At this time the respondents intend to use the existing wells TW-1, T\VE-2, TW-3, T\V-4 
and TW -9 for groundwater elevation measurement only. Should it be determined that 
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redevelopment of these wells is necessary to provide accurate water elevation data, the 
wells will be developed to minimize sediments in the well casing. Should surging be 
determined necessary by the field geologist, the wells will be surged with clean water 
which has been analyzed in the field for indicator parameters. 

Response to KDHE Comment No.7 

.. 
The respondents intend to utilize a ten foot (10ft.) screen which will be set into the first 
limestone fom1ation and will extend upward across the unconsolidated permeable layer 
on top of the weathered limestone. 

Response to KDHE Comment No. 8 

At this time the respondents intend to use the existing wells TW7l, TWE-2, TW-3 and 
TW-4 for groundwater elevation measurement only. lfthe hydrogeologic investigation 
shows a direct hydraulic connection to downgradient wells, and the downgradient wells 
detect contamination, then wells T-1, TWE-2, TW-3 and TW-4 will be sampled together 
with the other wells. 

Response to KDHE Comment No. 9 

At this time the respondents intend to use the existing wells TW-1, TWE-2, T\V-3 and 
TW -4 for groundwater elevation measurement only. After hydrogeologic evaluation and 
groundwater analysis from the proposed new wells is obtained, an assessment will be 
made and then, if appropriate, the existing wells in the pond (TW -1 through TW -4) will 
be sampled and analyzed together with the others. 

Response to KDHE Comment No. 10 

Newly completed wells will be developed to minimize sediments in the well casing. 
Should surging be determined necessary by the field geologist, the wells will be surged 
with clean water which has been analyzed in the field for indicator paran1eters. 
Throughout the well development process, indicator parameters will be measured in the 
field as an indication of the formation water stabilization. Also, surged water volume and 
purged water volumes will be recorded. 

Indicator parameters will include pH, Specific Conductivity, and Dissolved Oxygen. 
Stabilization will be achieved after all indicator parameters have stabilized for three 
successive readings. The stabilized indicator parameter readings should be within: 
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• ± 0.2 SU for pH 
• :!:: 5 % for Specific Conductivity 
• ± 1 0 % for Dissolved Oxygen 

Response to KDHE Comment No. 11 

Field blanks will not be collected for metals analysis. However, blind duplicate samples 
will be collected at a frequency of one duplicate sample per twenty field samples per 
sampling medium, or one per sampling day, whichever is less. 

Response to KDHE Comment No. 12 

Throughout the purging process, indicator parameters will be measured in the field as an 
indication oft..~e formation water stabilization or purging each well three water column 
volumes. 

Indicator parameters \):ill include pH, Specific Conductivity, and Dissolved Oxygen. 
Stabilization will be achieved after all indicator parameters have stabilized for three 
successive readings. The stabilized indicator parameter readings should be within: 

• ± 0.2 SU for pH 
• ± 5 % for Specific Conductivity 
• ± 1 0 % for Dissolved Oxygen 

Response to KDHE Comment No. 13 

A Data Quality Assessment (DQA) will be conducted on generated fteld and laboratory 
data to ensure data quality and usability. The DQA process will follow the recommended 
practices as described in the EPA document, "Guidance for Data Quality Assessment: 
Practical Methods for Data Analysis, EPA QA/G-9, QAOO Update." A detailed data 
validation summary will be provided which will describe QAJQC methods employed, the 
relationship between Q/vQC samples and collected environmental samples, any 
deviations in the execution of the sampling plan which could affect data usability, and a 
discussion of any deviations from predetennined QNQC limits and the effects on 
generated environmental data. Statistical evaluation of generated environmental data will 
be conducted using either the EPA's Data Quality Evaluation Statistical Toolbox 
(DataQUEST) software, or a more advanced commercial statistical software package. 

Response to KDHE Comment No. 14 

The Respondents will collect a single grab sample from each 50' x 50' grid cell wh.ich 
will be considered indicative of and an average value for that particular 2500 sq. ft. area. 
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Ea:th grab sample wiU be collected following the protocol outlined ·in the work plan 
v.•ithotit compositing. Analytical r~sults from each grab sample will be ,compared to. the 
non-residential action level for each parameter: ofconcern to determin~ if. further action is 
warranted ·at the on-site EPA soiL repository area, 
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rNTRODUCTlON -~ c 

Respondents. Salomon Smith Barney Holdings. Inc. (Salomon) and U.S. Steel 

Corporation (U.S. Steel). directed A & M Engineering and Environmental Services, Inc. 

(A & \[ Engineering) to conduct a hvdroueolo!!ical in\·estigation at the National Zinc - ..... .. ..... - -
Site located in Cherryvale. Kansas. The investigation was conducted in accordance with 

Hydrological Investigation Work Plan ("Work Plan"') dated 8/'27/02, as amended and 

approwd by Kansas Department of Health and Environment ('"KDHE"') Consent Order 

3-E-002 signed between Respondents and KDHE. 

The Work Plan required the drilling and installing of four new monitor wells at the site 

and procedures for testing, sampling and analysis of the new and existing wells. The 

investigation followed those requirements and the details and results are included in this 

Report. 

SITE CHARACTERIZATION 

Location: 

The National Zinc Site ("Site") is located on the northwestern city limits of the City of 

Cherryvale, Montgomery County, Kansas. The legal description of the Site is the NE/4, 

Section 8, Township 32 South, Range 17 East in Montgomery County. The geographic 

coordinates of the site are 39° 42' 30" North Latitude and 96° 25' 00" West Longitude. 

Figure 1 shows the topographic map of the Site and the surrounding areas. 



Climate: 

Tht! climate of Montgomery County is characterized as a continental climate that is 

typically \Varm to hot in the summer and cold in the winter with the majority of 

precipit:uion events occurring in the spring and early summer. The average annual 

precipitation is 3 7 inches per year. The average winter temperature is 36.8°F and the 

a\·erage summer temperature is 78.-I-°F. The maximum 24-hour precipitation event 

recorded for l'v(ontgomef"\· Countv is 6.38 inches. 
~ J J 

Site Description 

The Site is the former location of the National Zinc smelter facility and currently is 

unoccupied grassland with minor remnants of the former facility. The Site covers 

approximately 160 acres. The Site is bounded by Martin Street on the south, County 

Road 5200 on the north, County Road 5400 on the east, and a tree line to the west. 

The South Kansas and Oklahoma Railroad transects the site from southeast to northwest 

and a gas pipeline (Williams Pipeline Company) runs parallt!l to the railroad . 

.-\n unnamed creek starts in the middle portion of the Site and runs northwestward to the 

west edge of the Site and turns southward toward the southeast comer of the Site. It then 

turns west and joins Drum Creek approximately one-mile west. Another stream runs east 

to \Vest along the southern edge of the Site and joins the unnamed creek at the western 

property line. These streams are intermittent type streams. 

The Site slopes gently west\vard with approximately 20 feet of relief across the Site. The 

Site is generally grassland with the exception of a few buildings and structures in the 



southeast part of the Site. which are remnants of the fonner smelter. The Site is bordered 

with residential areas to the south and with agriculture properties to the north, east. and 

west. Figure 2 is a detailed topographic map of the Site. 

SITE BACKGROUND 

The Site was the location of the former National Zinc smelter facility. The facility \vas 

constructed in 1898 and expanded over time. 

During its operational history, the facility had large settling ponds covering 

approximately 23 acres. The major lagoon was located at the west central part of the Site 

in-bet\veen the t\VO unnamed creeks (see Figure l ). 

The smelter structures were mostly demolished \vith exception of the two buildings 

located in the southeastern part of the Site. 

Recently (2000-2002), U.S. EPA conducted yard soil remediation in residential areas to 

the south of the Site and all the excavated soil was brought to the Site and deposited in 

the southeastern portion of the Site, adjacent to the existing buildings. 

PREVIOUS SITE fNYESTIGA TIONS 

The National Zinc smelter facility operated until 1976. KDHE conducted several 

investigations of the Surface Lagoon which was closed in 1977. The major investigations 

are described below: 

... 

.) 



The 1978 Investigation: 

The tirst investigation was conducted in April-June 1978 by Wichita Testing 

Laboratories on b~half of National Zinc Company. The study was directed to investigate 

the lagoon embankment and its stability. A copy of this report is included in Appendix I. 

During the 1978 investigation. nine (9) borings were drilled and logged. Soil samples 

were collected and tested for geotechnical evaluation. Also. the existing fi\·e monitoring 

wells along the embankment (MW-1, MW-2S. MW-20. MW-3, and MW-4) were 

completed during this study. 

This study concluded that the lagoon embankment was safe. 

1999-2000 Site Investigation: 

KDHE conducted Phase I and Phase II investigations and a Brownfields Targeted 

Assessment (BT A) at the Site. These included file review of all available data. Site 

topographic survey, Site geophysical surveys, soil sampling using X-ray fluorescence 

(XRF) unit for surface and subsurface samples, surface water and sediment sampling, test 

boring for waste characterization. test boring for groundwater characterization. 

groundwater sampling and data integration evaluation and reporting. 

The 1999-2000 Site investigation report reached the following conclusions and 

recommendations: 

4 



l. Surficial soils at the Site's southeast, south and central portions are impacted 

mainly with lead and cadmium and to a lesser extent with arsenic. above non

residential Kansas RSK (NRRSK) levels. 

Surface water and sediments in the on-Site stream and ditches are impacted, 

mainly \Vith cadmium. 

3. The pre\·iously closed lagoon area contained some treated waste. 

4. Groundv,:ater samples from the monitor \veils located in the former lagoon area 

and on the west embankment had elevated cadmium levels. 

5. These reports expressed concern about the groundwater-surface water interface at 

the west edge of the former lagoon area. 

6. These studies concluded that off-Site groundwater was not impacted. 

7. The reports recommended further investigations of off-Site areas for soil, surface 

water and groundwater. 

FIELD ACTIVITIES 

The Work Plan specified the following tasks: 

1. Drilling and completion of four monitor wells in the uppermost aquifer, one 

upgradient in the northeast quadrant of the Site for background purposes, and 

three do\vngradient wells to the west of the Site on adjacent properties. 

2. Develop and sample the new four wells for three consecutive months for 

groundwater quality and measure water levels in all wells during these sampling 

events. 

3. Address the potential for groundwater-surface water interface. 

5 



-+. Evaluate all existing and new data and prepare this Report of the findings. 

Monitor W~ll Drilling and Completion: 

Drilling ~quipment and personnel were mobilized on July 21 s\ :2003 to the Site and 

drilling was started on July 22. 2003. The drilling subcontractor was Moha\'.,·k Drilling. 

Inc. of Tulsa. Oklahoma. The drilling method was air rotary with a 6 W' diameter air 

hammer. Drilling and well installation were compkted on July 2-+, 2003. 

Four monitor wells were completed. one upgradient (MW -5) in the northeast part of the 

Site and three downgradient wells (MW-6, MW-7, MW-8) west of the Site on the 

adjacent properties. Appendix 2 includes the lithologic and completion logs for the ne\v 

wells and Appendix 3 includes the logs of the previously drilled and completed wells. 

Figure 2 shows the location of all the wells. 

Monitor \Veil Survey: 

The nev.· monitor wells (MW-5. M\\"-6, MW-7 and rvtW-8) were surveyed utilizing the 

existing wells vertical and horizontal data. The survey established control points from 

MW-2 and MW-3. The survey data with other \veil information are shown on Table 1 for 

all the ne\v and existing wells. 

Monitor \Veil Hydraulic Testing: 

The ne\v monitor wells were purged and developed after completion. On August 4, 2003 

upgradient MW -5 and downgradient MW -8 were chosen for hydraulic conductivity 
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testing. The slug testing data were collected using a data logger that was later 

dov-mloadt!d to a computer for analysis. 

The Hvorslev Graphs for the two wells are included in Appendix 4. The hydraulic testing 

results show· that the uppermost aquifer has a hydraulic conductivity of :2.25 x I o·5 em/sec 

in M\V-5 and 1.21 X 1 0"5 em/sec in M\V-8. 

During the 1978 Site investigation, undisturbed samples were collected from M W -1 (8-

9.5 ft.). MW-3 (5-6.5 and 12-13.5 ft.) and MW-4 (7-8.5 ft.). These samples were tested 

by falling head for permeability and the results were 3.4 x 10·5, 4.6 x 10·8, 2.1 x 10-1. and 

- ... 10·8 m1 . I ).-' x c sec. respectlve y. 

Water Level Measurements: 

The water levels in the new and existing monitor wells were measured monthly 

beginning August 2003. The water levels and calculated groundwater elevations in each 

well are sho\vTI in Table 2. 

The water levels in MW-20 and MW-2S were unreliable and in these two wells the 

screens are suspected to be plugged. Thus the water levels or groundwater elevations of 

these two wells were not utilized in the potentiometric maps or evaluation. 
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Groundwater Sampling and Analysis: 

In accordance with the Work Plan. the groundwater in tht: new monitor \veils (MW-5. 

M\\'-6. MW-7. and l\lW-8) was samplt:d and analyzed for three consecutive months 

(August. St:ptember. and October 2003). Tht: groundwater samples \Vere analyzed for 

pH. Spt:citic Conductance, Mercury. Arsenic. Cadmium. Chromium. Lead and Silver. 

The tidd data sheets and bborator;.: analyticjl reports for thest: thret: sampling events are 

included in .-\ppendix 5. The anal)1ical data for these s0.mpling events are tabulated in 

Table 3. 

SITE GEOLOGY 

The Site is located within tht: Osage Cuestas part of the Osage Plains physiographic 

province. which is characterized by rolling hills, and steep-sided hills that are dissected 

by intermittent streams with flat alluvial valleys. 

Soils/Unconsolidated Materials: 

Undisturbed areas ofthe Site, especially the northeast part. are underlain by the Kenoma 

Series soils. The Kenoma Soils are generally deep, moderately well drained, very slow 

permeable soils on uplands, of 0 to 2 percent slopes. The surface layer typically consists 

of dark grayish brown silt loam about 6 to 12 inches thick. The lower part consists of 

dark bro\\11. grayish brown, yellowish brown, light gray to reddish brown silty clay with 

4 to 6 feet thickness. This undisturbed soil section is encountered in MW-5, MW-6. 

MW-7 M\V-8, TW-9, TW-2 and TW-1. 
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Fill clay generally grayish brown to dark brown with varying thickness is encountered in 

MW-1. MW-2. MW-3. MW-4. BH-5, and BH-6. 

Bedrock: 

The underlvim2: bedrock is Pennsvlvanian aQe Dennis Limestone of the Kansas Citv . - . - .. 

Group. Figure 3 shows the stratigraphic column of Montgomery County. 

Dennis Limestone underlies the soil and unconsolidated materials at the Site and consists 

of light gray to bluish gray limestone. sandy, oolitic in the upper portion. Gray shale and 

black tissile shale are present in the lov.-er part of the formation and locally contains 1 to 

4 feet thick limestone at the base. The thickness of Dennis Limestone ranges from 10 to 

70 feet. The Dennis Limestone is underlain by the Coffeyville Formation which is 

mainly shale with coal and sandstone interbeds. 

The above-described typical Dennis Limestone section was penetrated in the new MW -6 

well. The limestone is also exposed at the bottom of the unnamed creek adjacent to M\V-

8. The exposed limestone at the bottom of the creek is fractured. To depict the vertical 

and horizontal changes several geologic cross sections are constructed. Figure 4 show·s 

the cross-section locations and Figures 5, 6, 7, 8, and 9 show the geologic cross-sections. 

The cross-sections show the soil section and the underlying limestone. The limestone 

gently slopes westward. The cross-sections also show the treated waste material 
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encapsulated in the former lagoon area. (Cross-section E, Figure 9 and Cross-section D. 

Figure 8 respectively) 

SITE HYDROGEOLOGY 

The Site is located in the Osage Plains physiographic province which is characterized by 

rolling. steep-sided hills that are dissected by intermittent streams with allu\·ial valleys. 

The Site is on a drainage tributary of Drum Creek, which is in tum a tributary of the 

Verdigris River. Drum Creek is about 0. 75 mile west of the Site and the Verdigris River - -
is about 7 miles south of the Site. 

The Site is drained by an intermittent stream which runs from the center of the Site 

westward to the western edge of the Site and turns south behind the dike and then 

westward to Drum Creek. Another intermittent stream runs along the southern boundary 

of the Site and merges with the other intermittent stream near MW-2. These 2 

intermittent streams are collectively called Unnamed Creek. 

The uppermost aquifer underneath of the Site is the fractured Dennis Limestone/Shale 

and the unconsolidated silty clay overlying the bedrock. During drilling in August 2003, 

moisture zones were encountered in the fractured Dennis Limestone and the underlying 

shale section at a depth of 5 to 25 feet. During previous drillings ( 1978 and 1999) 

saturated zones were reported just above the Limestone bedrock in the unconsolidated 

section. 
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Groundwater is encountered in all the monitor wells. Some of the wells were completed 

in unconsolid~ted sediments. others in the bedrock section (limestone/shale). 

Groundv,·ater levels in the monitor wells were measured monthly beginning August 2003 

and are shown on Table 2. The groundwater levels in the monitor wells fluctuate l to 7 

teet in the last four monthly measurements and these water level fluctuations are 

expected to be greater in the spring se~son. 

Groundwater Flow: 

I/ 

- i / .. :. /--:......, :''1:. 

Groundwater Potentiometric Maps are constructed using the monthly water levels 

(August. September, October and November 2003 ). Figures 10, 11, 12, and \3 show the 

potentiometric maps. 

Groundwater flows from east to west. The contours show the intermittent stream effect 

on Site. Also the contours show a mounding at the location of the former lagoon in the 

vicinity ofTW-3 and TW-4. 

The August 2003 data plotted on Figure 10 show the intermittent stream was a gaining 

stream during low water levels. However, as some precipitation occurred during 

September and October 2003, the stream became a losing stream. 

The potentiometric maps also show the effect of the western dike of the former lagoon. 

The groundwater contours gradient increases at the location of the dike due to hydraulic 
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conductivity changes. The dike was constructed over the native soil with compacted 

clay. Th~ sampling and testing during 1978 showed the hydraulic conductivity difference 

between the native material v.·ith 8 x 10·5 em/sec conductivity and the compacted clay 

material \\ith a 5 x 10·8 em/sec conducti\·ity. Thus during heavy precipitation events the 

groundwater builds up east of the dike and rises to the surface (See Figure 5 Cross-

section A-A"). 

Groundwater Velocity: 

The groundwater velocity can be calculated using the follo\ving formula: 

where 

Kri 
v=-

v = groundwater velocity 
K = hydraulic conductivity 
i = hydraulic gradient 
n =porosity 

n 

Groundwater in the uppermost aquifer flows from east to west. Using groundwater 

measurements from October 2003, the groundwater flow gradient was calculated between 

MW-5 and TW-3 and it is 0.0038 ft/ft. 

For rate calculation, the hydraulic conductivity value is 2.252 x 10"5 em/sec. The 

effective porosity is estimated to be 0.2 (20 percent). The groundwater velocity between 

the two wells is: 
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K . .., .., . .., 10-5 0 00'"'8 
X:l ___ )_X X • ..) 4 78 10-7 I 

v = - = = . x em sec 
n 0.2 

or 0.04 em/day 

The groundwater flow gradient was also calculated between TW-3 (at 803.45. MSL) and 

MW-8 (at 793.74" MSL) to be 0.011 ft/ft. 

For velocity calculation. the hydraulic conductivity value for MW -8 \Vas used and is 

1.212x 1 o·5 em/sec. The effective porosity is estimated to be 0.2 (20 percent). The 

groundwater velocity between these two wells is: 

Kti 1.212x10-5x0.011 
6 66 10

_7 1 v = - = = . x em sec 
n 0.2 

or 0.057 em/day 

GROUNDWATER QUALITY I SUPPLY 

In Montgomery County groundwater is present in unconsolidated sediments and 

Pennsylvanian bedrock formations (weathered and/or fractured shale limestone, 

sandstone). The groundwater in these units of the county is limited in yield and poor in 

quality. The well water in the Cherryvale area is reportedly marginal due to sulfates and 

excessive hardness. Also, oil field intrusion of brines from oil production dating back to 

the early 1900's has impacted shallow groundwater quality regionally in this portion of 

Southeast Kansas. 

13 



Th~ City of Cherryvale and Montgomery County Rural Water District# 12 supply water 

to privat~ residences in this area. The City of Cherryvale receives water from Big Hill 

Lake located approximately tive (5) miles east of Cherryvale. Montgomery County 

Rural Water District# 12 receives water from the Verdigris River near Neodesha. 

approximately 20-25 miles north\vest of Cherryvale. Both of these surface water intake 

loc:::ttions are upgradient from the National Zinc facility. Thus there is no concern for 

watl.!r supply in relation to the Site. 

KDHE Browntields Targeted Assessment reviewed all available water \Veil records 

within four (-+)miles of the National Zinc facility and located seventeen (17) wells 

serving forty-one ( 41) persons. Ho\vever, none of these wells are do\',;n gradient of the 

Site. specitically between the Site and Drum Creek. Therefore there is no concern for 

impact to any water well with regard to the subject site. 

SITE SPECIFIC GROUND\VATER QUALITY 

Ground\vater at the Site was sampled by K.DHE prior to 2002. The analytical results 

indicated that the groundwater in the wells inside the previously closed lagoon area and 

on the western dike had elevated concentrations of cadmium, chromium, lead and silver. 

The new monitor wells were installed specifically to sample and analyze groundwater 

downgradient of the Site. The new monitor wells (MW-5 upgradient and MW-6, MW-7, 

MW -8 downgradient) were sampled and analyzed for three consecutive months (August, 

14 



September. and October 2003 ). The anal)'tical reports are included in Appendix 5 and 

the data is tabulated on Table 3. 

The groundwater samples of the downgradient wells did not detect any of the metals of 

concern above laboratory detection levels. The pH of upgradient ground\vater samples is 

comparable to the downgradient groundwater samples. all in the range of 6.5 to 7.8 S.U. 

The specific conductance shows difference bet\veen the upgradient and do\vngradient 

groundwater samples. Specific conductance of upgradient \Vater samples range from 6-1-0 

to 1085 urnhos/cm. and the specific conductance of downgradient well water samples 

range from 2175 to 4695 umhos/cm. The increase in specific conductivity across the Site 

indicates some soluble material (e.g. chloride, sulfate, carbonate) is impacting the 

groundwater. However, no metals of concern have been detected in the off-Site 

groundwater. 

GROUND AND SURF ACE WATER INTERACTIONS 

The two intennittent streams and Unnamed Creek drain the surface water at the Site. The 

streams receive water from groundwater during low precipitation, however during higher 

precipitation the streams lose water to the uppennost groundwater aquifer. 

Although KDHE previously expressed concerns regarding shallow seeps along the 

western side of the fonner lagoon, several inspections have been made by A & M 

Engineering, some jointly with KDHE, and no seeps detected. The most recent 

( 

~ 
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inspections were conducted by A & M Engineering on 12-12-03 during high groundwater 

elevations, and again no seepage was observed. 

The uppermost groundwater aquifer water levels t1uctuate several feet. During 

September and October moderate precipitation caused groundwater levels to rise up to 6-

7 feet and this t1uctuation will detinitely increase more during the spring season. The 

groundwater levels in MW -3 and TW -3 \Vere almost at the surface elevation during the 

October and November 2003 measurements. This observation correlates \vith the 

swampy surface condition previously observed in the vicinity ofTW-3. This observation 

indicates that the swampy area on top of the closed lagoon is primarily caused by the high 

groundwater fluctuations. Additionally, the surface berm on top of the dike along the 

western edge restricts surface runoti and, together with the t1at topography of the lagoon 

cap, also contributes to the swampy conditions. 

CONCLUSIONS 

The following conclusions are dra\VTI from this hydrogeologic investigation: 

1. The uppermost groundwater aquifer at the site is the unconsolidated sediment I 

fractured limestone and shale of the Dennis Formation at a depth of 5 to 20 feet. 

2. The Site groundwater flows westward. 
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3. The groundwater tluctuates as much as 6-7 feet at the Site. 

4. The S\vampy area on top of the closed lagoon is caused by the condition of poor 

surface drainage and groundwater t1uctuation. This is caused by the compacted 

dike along the w·estem edge of the Site which impedes groundwater flow, and the 

surface berm on top of the dike along the western edge that contributes to this 

condition by preventing surface water runoff. 

5. Groundwater quality is impacted by metals (cadmium, lead, and chromium) inside 

the closed lagoon area. but the metal impact is not detected downgradient of the 

Site. This confirms KDHE's previous conclusion, and undoubtedly is related to 

the presence of limestone. 

6. Groundwater quality and yield is limited in this entire area and there is no water 

supply source impacted by the Site past or present activities. 

RECOMMENDATIONS 

The following recommendations are made considering groundwater quality and the 

conditions observed on the Site: 

1. Based on the KDHE data from the Former National Zinc Site BTA (February, 

2000), the groundwater in the previously closed lagoon area is contaminated 

with metals of concern (cadmium, lead, and chromium). Therefore, the clay 

17 
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cap elevation in tne vicinity ofTW-3 and M\V-.3 should be raised to prevent 

groundwater and surtace water interaction. The entire 'Surface of the 

previously closed lag(:>on area should be raised a minimum of at least three (3) 

feet. (the thickness of.the proposed cap) in ·ordet.to prevent interfacing 

between·the ground\vater and surface water. 

Provide !!Ood storm \Vater run-off s:vstems around and o,·er the closed lagoon ..... -- ·- - . --- . ·--. "'-- --- - "-· . --- -- -· -- . -- - -

site -to provide good drainage and .control erosion. 

3. No additional sampling of groundwater monitor well quality is required, 

4. Continue monthly water !~vel measurements to obtain more .data to utilize in 

the design phase. 
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Table 1 

MONITORING WELL INFORMATION 

Screen Interval 
Date of Ground T.O.C. Total (From Ground 

Well No. Completion Elevation Elevation Depth Level) Casing Stick Up 

MW-1 1978 802.85' 805.52' *12.2' 9-17' ** 0-9' 2.67' 
MW-2S 1978 803.10' 806.20' *4.56 7 -12' ** 0-T 3.10' 
MW-2D 1978 803.16' 806.08' *11.0 16-19' .... 0-16' 2.92' 
MW-3 1978 802.22' 805.15' *8.7' 8-14.0' .... 0-8' 2.93' 
MW-4 1978 803.02' 804.47' *8.6' 8.5-16' .... 0-8.5 1.45' 
MW-5 7/22/03 813.06' 815.85' 16.50' 6.5-16.5' 0-6.5' 2.79' 
MW-6 7/22/03 798.43' 802.15' 30.00' 10-30' 0-10' 3.72' 
MW-7 7/22/03 796.09' 799.81' 22.50' 7.5-22.5' 0-7.5' 3.72' 
MW-8 7/22/03 793.90' 797.07' 22.50' 7.5-22.5' 0-7.5' 3.17' 
TW-1 8/16/99 806.76' 810.08' '14.00' 9-14' 0-9' 3.32' 
TW-2 8/16/99 805.82' 809.48' 11.1 0' 6.1-11.1' 0-6.1 3.66' 
TW-3 8/17/99 805.24' 808.80' 10.20' 5.2-10.2' 0-5.2' 3.56' 
TW-4 8/17/99 805.75' 808.96' 7.50' 2.5-7.5' 0-2.5' 3.21' 
TW-5 8/17/99 813.24' 815.36' 13.00' 8.0-13' 0-8.0' 2.12' 
TW-9 8/19/99 818.03' 821.67' 9.00' 4-9' 0-4' 3.64' 

*Total Depth measured in the field on October 20, 2003, completion logs (1978) showed deeper wells. 

**Total Depth from the log records. 



Well TOC El. 
No. MSL Ft. 

MW-1 805.52 

MW-20 806.08 

MW-2S 806.20 

MW-3 805.15 

MW-4 804.47 

MW-5 815.845 

MW-6 802.150 

MW-7 799.805 

MW-8 797.07 

TH-1 810.08 

TH-2 809.48 

TH-3 808.80 

TH-9 821.67 

( 

Table 2 

MONITOR WELLS WATER LEVEL MEASUREMENTS 
National Zinc Site 

Cherryvale, Kansas 

August, 2003 September, 2003 October, 2003 

Water Groundwater Water Groundwater Water Groundwater 
Depth Elevation Depth Elevation Depth Elevation 

Ft. MSL Ft. Ft. MSL Ft. Ft. MSL Ft. 

8.65 796.87 6.0 799.52 5.65 799.87 

DRY NA 10.6 795.48 10.4 795.68 

DRY NA DRY NA DRY NA 

8.5 796.65 7.55 797.6 3.38 801.77 

DRY NA 5.8 798.67 4.6 799.87 

9.11 806.735 7 808.845 5 810.845 

11.64 790.51 11.2 790.95 11.01 791.14 

11.33 788.475 7.1 792.705 6.52 793.285 

10.33 786.74 3.3 793.77 3.33 793.74 

11.66 798.42 9.75 800.33 7.87 802.21 

8.36 801.12 7.68 801.8 6.38 803.1 

6.25 802.55 5.8 803.00 5.35 803.45 

DRY NA 8.85 812.82 6.91 814.76 

(~) 

November, 2003 

Water Groundwater 
Depth Elevation 

Ft. MSL Ft. 

4.14 801.38 

10.73 795.35 

DRY NA 

3.23 801.92 

4.41 800.06 

3.82 812.025 

10.92 791.23 

8.82 790.985 

3.75 793.32 

7.62 802.46 

6.55 802.93 

5.25 803.55 

8.09 813.58 



( 

Table 3 

ANALYTICAL RESULTS OF GROUND WATER SAMPLES 
National Zinc Site 

Cherryvale, Kansas 

PARAMETERS M\V-5 M\V-6 MW-7 M\V-8 

August, 2003 

PH (Field) 7.23 7.24 7.28 6.51 
Specific 
Conductance. (Field) 640 2550 2300 2175 
Mercury (mg/L) <0.000100 <0.000100 <0.000100 <0.000100 
Arsenic (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Cadmium (mg/L) <0.00100 <0.00100 <0.00100 <0.00100 
Chromium (mg/L) <0.0100 <0.0100 <0.0100 <0.0100 
Lead (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Silver (mg/L) <0.00200 <0.00200 <0.00200 <0.00200 

September, 2003 

PH (Field) 7.39 7.73 7.65 7.65 
Specific 
Conductance. (Field) 960 2800 3215 4695 
Mercury (mg/L) <0.000100 <0.000100 <0.000100 <0.000100 
Arsenic (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Cadmium (mg/L) <0.00100 <0.00100 <0.00100 <0.00100 
Chromium (mg!L) <0.0100 <0.0100 <0.0100 <0.0100 
Lead (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Silver (mg/L) <0.00200 <0.00200 <0.00200 <0.00200 

October, 2003 

PH (Field) 7.24 7.48 7.54 7.50 
Specific 
Conductance. (Field) 1085 4560 3330 2855 
Mercury (mg/L) <0.000100 <0.000100 <0.000100 <0.000100 
Arsenic (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Cadmium (mgJL) <0.00100 <0.00100 <0.00100 <0.00100 
Chromium (mg/L) <0.0100 <0.0100 <0.0100 <0.0100 
Lead {mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Silver {mg/L) <0.00200 <0.00200 <0.00200 <0.00200 
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FIGURE 3 
GEOLOGIC PROFILE OF 
MONTGOMERY COUNTY 

National Zinc Site 
Expanded Site Inspection 

Cherryvale, Kansas 
March, 2001 

Source: "Geology and Ground-Water Resources of Montgomery County, Southeastern Kansas." Kansas G~ol. Survey 
Ground-Water S~r. No. 1. 1974. 
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lAGOON EMBANKMENT EVJl.LUATION 
CHERRYVALE, K.l\NSAS 

GEOLOGY AND SITE CONDITIONS 

The site of existin:; lagoon is located near the northwest limits 

of Cherryvale, Kansas in theN 1/2, Sec. 8, T32S, Rl7E. 

The lagoon embankment, whic~ has a maximum height of about 15 

feet, presently ponds approximately 20.!. surface acres of water. This 

embankment was originally constructed in the late 1940's to entrap and 

pond contaminated surface runoff from the zinc plant property. The 

impoundment was designed to be an evaporating lagoon; however, to 

satisfactorily perform this function the embankment was subsequently 

modified several times by both increasing the height and constructing a 

new dike to enlarge the storage area. We were informed by personnel 

from the National Zinc Company ·that the existing impoundment has per-

formed satisfactorily as an evaporating lagoon. We were also informed 

that several areas of seepage noted in the lower portion of the dike 

along the west downstream side have occurred since the embankment 

first impounded water. 

The subject site is located within the Osage Cuestas section of 

the Osage Plains physiographic province, which is characterized by 

rolling, steep-sided hills that are dissected by intermittent streams with 

flat alluvial valleys. Specifically this site is on a drainage tributary 



( 

of Drum Creek which is in turn a tributary of the Verdigris River. The 

uppe:- bedrock in this area is composec of limestones anc! shales of the 

Dennis Limes tone formation of upper Pennsylvanian geologic age. In 

Borings 1 through 6 the Wir.terset lir.1estone and Stark shale members 

of the Dennis Limes tone forme. cion were encountered. In each of these 

borings the upper portion of the vVinterset limestone (surface bedrock) 

was found to be broken, weathered and containing seepage water perched 

above the underlying hard and relatively unweathered bedrock materials. 

The Winterset was encountered as high as elevation 80.6 feet (datum this 

survey) in Boring 6 to as low as elevation 75. 6 feet (datum this survey) 

in Boring 2. Where penetrated, the thickness of the Winterset varied 

from 2. 5 to 9. 0 feet. 

The soils encountered in the embankment portion of this site consist 

of medium and high plasticity (CL & CH) silty clay fill overlying the natural 

silty clay and sandy clay mantle soils which occur above the Winterset lime

stone. A thin topsoil zone was encountered below the fill in most borings 

and the entire embankment is capped with approximately one foot of cinder 

and brick used as a road bed. At the test hole locations the natural mantle 

soils, including topsoil zone, vary in thickness from 3 to 10 feet above 

bedrock. Geologic and Surface Profiles at the locations of Borings 1 through 

4 are shown on the enclosed Figure Numbers 11 through 14 respectively. 



( 
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The_boring locations are shawL\ on the enclosed Figure No. 1. The 

boring logs (Figures 2 through 10) present data obtained in this exploration. 

The togs include the surface elevation; cepths and elevations of major changes 

in the character of the subsurface materials; visual descriptions of the materiaLs 

in accordance with the Unified Soil Classification System; g:-oundwater data; 

penetration resistance recorded in 0. 5 ft. increments of depth; and the loca-

tion of undisturbed soil samples. 

The elevations shown on the Boring Logs were referenced to the floor 

level at the west entrance to the Filter House Building. This benchmark was 

assigned an elevation of 100.00 feet. 

Observation wells were constructed by a licensed well driller at the 

location of Borings 1 through 4. The well driller was instructed to place one 

well point using PVC plastic pipe, through the embankment soils and into 

the underlying bedrock at each of these locations. In addition, near the 

location of Boring 2, .one observation well was to be placed in the embank-

ment fill above natural soils approximately 12 feet below grade. It is our 

understanding that the purpose of these observation wells is for National 

Zinc Company and/or the Kansas State Department of Health and Environment 

to monitor the seepage water level and quality. 

Submitted By: VVICHITA TESTING LABOR.~TORIES 

~ IJ 
Richard L.'Luke 
Engineering G eotogl st 



PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials En~ineers 

s·oRING. LOG 

Baronq Mornod· 6-ln. canllnuoua fiiOIII auqar Srandard Ponorrarian Tesl Bo rinq N a. l 
Undisrurbed Soil Sampler: 3-in.a.d. lhln-•allod rubo 140-lb Hammorl 30-in.Falll2-in.o.d.Splll-barrol Sampler Sheer 1 of l 

w•Mo;srure Conlon!, "1.] O•Ory Density, pcf Penerrallon Reslaranco: N•Biows per foal Oare:4-ll-78 

Elovar;an Ooplh Group 
Symbol 

Oescrlptian of Materials 

'

Sample ala•s 
Na. 

Aemarl<s 
-91. 7 0 

90.7 

86.2 

85.2 

84.2 

82.7 

79.2 

76.2 

75.2 

73.7 

71.7 

---1 -
:CH 
-------

----
.....: -

~. 5 : 

Fill: cinders, brick, tile, etc.; loose. 

Fill: silty clay; dark yellowish brown 
mottled with very dark bro'N!l and 
grayish brovvn; wet; med. plasticity; 
stiff. 

-: As above but saturated in seams. 

1 

W-
~ N=l3 
~ 

W=23. 6 
D=lOl.S 

~ · 5 _: CH Silty Clay: very dark gray and dark 
~. S..r-:_---i grayish brown; wet to saturated in 

_: CL,_ 1\seams; high plasticity; medium. stiff to t---·t-

: V I \_stiff. {possible fill) ·---·- .. _____ _ 

Water Level @ 8. 0' 
(Elev. 8 3. 7) After 
24 Hours 

: Silty Clay: very dark gray; minor 

:cH -
.....: -----------

12.5: 
--
-----
: 

.....: -

organics; saturated; med.. plasticity; r\ medium stiff. (old topsoil zone) 

Silty Clay: dark yellowish brown; 
saturated; high plasticity; medium 
stiff. 

As above but some limestone gravel. 

2 
1-

~ 
~ N=7 

_ _2_ 

-

r---
3 

15.5 :J-Tr-4------~~----~d~--~h--~d------1 
- Limestone: broken an weat ere . -

_: 
---- ' 

Limestone: light gray and hard. 
(possible Winterset Limesto::e) 

16.5 =~ 

18 - -. -11---------------··-----------: I Shale: dark ~ray to gray; herd. 
-' (possible Stark Shale) -
: I 

· • I I ~0 
-coat·seam · · 

r 

W=27 .1 
D=94. 5 

W=33. 4 
D=87.6 



PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
KQnSOS 

8 ORIN G LOG 

Borin~ Method· 6-ltl. continuou• lllollt ouoor Standard Penetration Test BorinQ No. 2 
Ut~disturtled Soil Sampler: 3-in.o.d. tl'lln-walled tutle 140-tt:J.Hommerl 30-in.Fall 12-in.o.d. Split-barrel Sam111er Sheet 1 al 2 

w•Mo•Jture Content, 'Y.I O•Ory Density, pel Penetration Reslstanco: N•Biows per foot Oale:4-ll-78 

Elo•ation 

-92.1 

91.1 

89.1 

84.1 

78.6 

77.1 

75.6 

7 3. l 

0. pill Group 
Symbol 0 

--
1 -:r---

:CH 
_& 
: CL --3 -
-------

--: 
--

-= --------
\! 8 --

-------= -----
-
-----
-: 

Description or Materials 

Fill: cinders, brick, tile, etc.; loose. 

Fill: siltv clav; very dark grayish 
brown, dark yellowish bro .... vn and 
reddish brown; wet; medium .3nd high 
plasticity; stiff. 

As above but saturated in seams. 

Very wet to saturated. 

'

Samplel 910 ..., 1 
No. I 

4 

-

5 
1-

1-

13.5-~--~------------------------------;---~--l 
...: CL 
-
: 
-15 -
:CH 
---

..::.. 
: 
--

Siltv Clav: some organics; very dark 
gray; very wet to saturated; medium 
plasticity; medium stiff. (old topsoil) 

~'-------------- 1----l 
SiltY Clay: dark yellowish brown; 
saturated; high plasticity; medium 

1\. stiff . 

Limestone: weathered and broken. 

16.5:~ 

19 f·. 1-------------------·-
Lime stone: hard; light yellowish 
brown. (cossibl~ Winterse: Limes~ane) 

Remarks 

W=25. 5 
D=98. 6 

Water Level@ 7. 7' 
(Elev. 84. 4) After 
24 Hours 

W=32.1 
D=90. 3 

W=30. 2 
D=94. 9 

W=27. 3 
D=94. 9 



PROJECT 
WICHITA TESTING LA BORA TORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Chenyvale, Kansas 

Materials Engineers 
Wochoto KaftlOS 

8 a r in Q M 1 I had: 6 -In. c; an I in u ou s I II Q h I au Q I r Slondord Ponerrolion Tesl So rlno No. 2 
Undoslurbed Sail Sampler: 3-in.o.d. lhln-walled lutle 140-lb Hammerl 30-ln.Follj2-in.o.d.Splil-barrel Sampler Sheer 2 ol 2 

w•Moislure Canrenl, "· 0• Ory Oenslly, pel Po n e I r a I Ion R e s I 1 Ion o: e : . N_• 81 o"' s p e r I o o I Oale:4-18-78 

Elo•arian 

f- 72. 1 

70.6 

67.1 

Ooplh Group Oesc:rlplion ol Moreriols Somple31ows Remark& 

-i=S=y=m~b=o~I============================================~~~N~o-t--~r-----------------------4 20 _ I -g Limestone: as before; but shaley; 
: dark gray and hard. 

21. ~14~--~---------------------------------------l -------
--------25 
: 

-= --------
_: 
-
: 
-----

--= -
: 
-----

-= -------
: 

-----
-: -----

: 
---------
-= ---·-

Shale: dark gray with thin limestone 
stringers. (possible Stark Shale) 

r-

t-

r-

-

-

-



PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials En ~lneers 
W•cllolo K ansos 

( 8 0 Rf1'.J G ·toG 
----------------.--~------------~----~ SarinQ Motllad 6-ln. cantlnuouo IIIQht OUQir Standard Penetration Test BorinQ No. 3 

Undisturbed Soil Sampler: 3-in.a.d. thin-walled tutul40-lb.Hammerl 30-ln.Foll 12-in.o.d.Split-barrel Samplor Stleet 1 01 2 

w•Moisture Content, "1., O•Ory Density, pel Penetration Resistance: N•Biaws per laal OoleA-11-78 

' 83.8 
83.3 

82.3 

80.3 

77.8 

74.8 

---------
-= 

Description ol Materials 

Fill: cinders, brick, clay tile, etc. 

Fill: silty clay; dark yellowish brown, 
grayish brown, reddish broT.NTI and 
gray; wet; high plasticity; stiff to 
medium stiff with depth. 

Fill: silty clay; very dark brown and 
yellowish brown; wet with saturated 
seams; medium· plasticity; medium 
stiff. 

'

Samgle Blows[ 
No. 

7.5 -J------+----------------------------~~----------------~-----------8 iCI-. Silty Clay: very dark gray with some ,_ 10 
_ CH I\ organics; wet; medium plasticity; med. i------+---1 

Remarllo 

W=2S. 5 
0=94.8 

W=28. 5 
0=95. 5 

Water Level@ 7. 7' 
(Elev. 8 3. 6} After 
24 Hours 

W=24. 3 
0=98.0 

: 1 \Stiff to stiff. (old topsoil zone) · 3 
9 

:. - Silty Clay: dark gray with lime :J= N=S 
: ~oncretions; wet; high plasticity; 4 

: \medium stiff to stiff. ~ 
-

11 --+------1 As above but dark yellowish brown. 
\ . CH 

--

-: 

13.5~~ 
: -
:~ 

Gravelly Clay: 20% fine to medium 
gravel (chert); dark yellowish brown; 
wet; high plasticity; stiff. 

Limestone: dark yellowish brown; 
broken and weathered. (possible 
Winterset Limestone) 

16.~~gi~~+-------------------~~--~--~~~---------l 
- Limestone: light yellowish brown; 

-: fossiliferous; medium hard. -
- (Winterset Limestone} 

-: 

-
--·-

-

11 W=22. 4 
0=107.6 
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PROJECT 
WICHITA TESTING LA BORA TORIES Lagoon Embankment Evaluation 

National Zinc Company 
<thenyva le, Kansas 

Materials En~ineers 
K a•uas 

-BORING LOG 

8 a r i n '< M a I h a cS 6- I n. can r i n u au s I II 0 h I a u 0 • r S 1 a n cS a r cS P a ·n • I r a I i a n T e s 1 Barlnq Na. 

Undrslur~ed Sail Sampler: :1-in.a.cS. thin-walled tube 140-lb.Hammorf 30-in.Fall 12-in.a.d Spill-barrel Sampler Shut 2 al 

3 
2 

w•Mo.isrure Cantent,Y.\O•Ory Density, pel Ponerrotlon Resistance: N•Biaws per loot Oot•:4-ll-78 

Ele•arran 

1-71.3 

69.3 

68.3 
67.8 

66.3 

Oapth ICirauo I 
20 ~~-~· 

22 
: 
-23 --

2 3. 5-

25 

----
-
-
: 

-= --
: --------
-
--

...: 
-
: 

-= ---
-= -
: --
-

-: 
--

...: 
---

-
------------
-
-.-

Ooscriplian ol Motoriols 

Limestone: gray; hard. 

Shale: dark gray (possible Stark Shale) 

·c a lcar.e.o~ 

Shale as before. 

S ampl•ialaws 
No. 

-

I"" 

-

1-

Remaros 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

Na tiona! Zinc Company 
Cherryvale, Kansas 

Materials Engineers 

BORING LOG 
BarinQ Method: 6-ln. canrinuou& fiiQhl OuQer Slaftdard Poftolrarian Tosr Sa rinQ N a. 

4 
Undisturbed Sail Sampler: 3-in.a.d. thin-walled rube 140-lb.Hammorl 30-in.Fall l2-in.o.d. Spill-barrel Sampler Sheer 1 of 2 
w•Mc>isture Conleftt, "·l D•Dry Doftslry, pel Penetration Resistance: N•Siows per toot Dote: 4-11-78 
Elevation 

r-92. 1 

91.1 

88.1 

84.6 

80.1 

77.6 

76.6 

75. 1 

'--

72. l 

De l)lh Group 
Symbol 

0 

l 

4 

-
: CL -

....: -
: 
--
--
:CH& 
=ct 

--: 
--

....: -
: -

Description of Materials 

Fill: cinders, brick, clay, tile, etc. 

Fill: siltv cla v; dark yellowish brown, 
gray and reddish brown; wet; medium 
plasticity; medium stiff. 

Fill: silty clay; very dark gray and 
dark gray; wet to saturated in seams; 
high and medium plasticity; medium 
stiff . 

Sample alows 
No. 

-

12 -

Rom ark& 

W=2S. 4 
D=97. 9 

7. 5 : ··-+----------------~---; 13 
....: CH Silty Clay: dark yellowish brown with 

W=25. 7 
D=96. 9 

: w/ iron stains; wet to very wet; high -_: CL plasticity; with medium plasticity 
- zones; medium stiff. 
~v 

-= ---

-
1--+----1 Water Level @·9. 5' 
~ (Elev. 82.6 1 ) After 

3 24 Hours · 
~N=7 

4 

14 
-

W=27.1 
D=92. 8 

12 --+----lf-------·---·····--··----------1 ~ 
~N=lO 

5 
-cH : 
--
--

-: 
14.5: 

....: 

Gravelly Clay: 20 to 25% fine to 
medium gravel; dark yellowish brown; 
very wet; ·high plasticity; stiff. 

As above but saturated . 

15.5=~~-+--------------------------~ 

;§ 
17 --------

20 
- j 
·:,.I, 

Limestone: broken and weathered. 

Limestone: light gray; hard. (pas sible 
Winterset Limestone) 

-

-

-



PROJECT 
WICHITA TESTING LABORATORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials En~ineers 
WoCilola Kansa' 

8 a r i n Q M e I h o d : 6- In. con II n u au I Ill Q PI I a u Q 1 r Standard Penetration Ttsl Borlno No. 4 
Undisturbed Soil Sampler: 3-in.o.d. thin-walled lube 140-lb .. Hammerl 30-in.Fall 12-in.a.d. Split-barrel Sampler Shtel 2 al 2 

w•Moislure Content, 'Y. D•Dry Density, pel Penetration Reslsfance: N•Biows per loot Date: 4-ll-78 
Elewatian Dept PI Group 

1-72.1 20 Symbol 

-

~ --
71. l 21 -

~ -
-

-:. 
: 

j ...: 
-
: 

....: -0: --
-= 
--- . -- . ------- . 

63.1 29 "h . 

: 
62.1 30 ·-

---------
: 
---
-----
: 

....: -----

---------
....: -
-

Description ol Materials 

As before. 

Limestone: sandy and shcley; dark 
gray. 

Shale: fissile; black; hard. 
fl"''nc:c:inl~ ~,..,.,.~ ~'h::~lo' 

Sample Blows 
No. 

t-

-

-

t-

1-

-

Remarll.a 



WICHITA 

Mat 

' 

Bar in • Method: 

TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

e ria Is En<,1lneers 
W1ChdQ KOITSCII - - -
8 ORIN G LOG 

6 ·In. can I in u au 1 f II Qh I au o t r Standard Penetration Test Boring No. 
5 

Undi11urbed Soil Sampler: 3-in.a.d. lhln-wallad lube 140-lb Hammarf 30-ln.Fa11T2-in.a.d.Split-barral Sampler Shear 1 of 2 

w•Me>iJiure Content, "Y.T O•Ory Density, pc:f 

Elo•ation 

~94.1 

90.1 

87.6 

86.1 

82.1 

78. 1 

77.1 

7 5. 1 

Penetration Resistance: N•Biaws per loot Oate:4-11-78 

Oe p!h I Group 
Q Symbol Oesc:rlpllan al Materials 

--
_:: Fill: Cinders. 
---

-= ------
-

4 ~ \7~--------------------------------; 
-- As above but saturated. 

.....: ---
-= -

6.5 :j_----+--------------------------------------------------; 
-: CL Silty Clay: very dark grayish brown; 
: very wet; low to medium plasticity; 

8 ---+---1 . .m..e..dium......s..tiff ________________________ ............. . -
: CH Silty Clay: brownish gray with olive 

_: yellow and iron staining; very wet -
: medium to high plasticity; medium 

_: stiff. --
--:: --

12 : -
: 
-----

-: 
--

_:. 
-
-

16 .::. ---

As above but yellowish brown with 
light gray to gray mottling; iron stain; 
10 to 15% coarse sand; stiff. 

As above but with 15 to 25% gravel. 

-

17 --~--~--------------------------------

~~ 
Limestone: yellowish brown; weathered 
medium hard. 

19 -:f:l·--l.i';estone: ~-e-1-lo-... -v-i_s_h_b_r~:;:;-toti~ht 
--,_:__ 
~ 1 1 gray; hard. 

Sample alow1 
No. 

1-

1-

1-

1-

1--

1-

1-

·-

-

1--

-
1-

-

1-

1--

,... 

1-

-

Remarks 

Water@ 4. 0' 
After Drilling. 
{perched in cinders 
above silty clay) 
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PROJECT 
WICHITA TESTING LABORATORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
W•Cft•ta II.QftSQS 

s·oRIN G- LOG 

Bat~n; Method 6-ln. conllnuou• fiiQIII au;er Slanelard Ponelrarian Test Bo rino No. 5 
Undisturbed Soil Sampler: 3-in.o.d. lhln-wolled lube t40-ib.Hammerl30-ln.Foil 12-in.o.d.Splil-barrel Sampler Sheer 2 of 2 

w•Moisrure Content, '1.1 D• Dry Density, pel Ponerratlon Reslsrance: N•Biaws per laol Date: 4-11-78 
Elevation Depth Group 

Symbol 
Description of Materials 

1-74.1 20 
- Limestone: as before. 
--

72.6 21.5~~-+-----------------------------------1 
_: 

Limestone: shaley; medium hard. 

23 ---------= --
26 

: 

-
: 

-: 
: 

...: 
----

Calcareous -: 
: 

64.1 30 -
---: 
--------

-: 
-: 

-: -
...: -

------
...: -
: ---J : 
-
-·-

Remarks 

-

-

~ 

-

~ 

-



WICHITA TESTING LABORATORIES 

Materials Engineers 
Wocftola K Oft\0' 

( B OR+N G ··LOG 

PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

',__ B o r i n Q "' e I h o d · 6 • I n con I In u o u s f II Q ~ I o u ; 1 r Standard Penetration Tesl BorinqNa 6 

f-94.1 

89.6 

88.1 

85.6 

82.1 

80.6 

78.6 

77.6 

74.6 

Oeplh I Group 
O Symbol Oescrlplion of Materials 

------
-

-

- v 

Fi 11: cinders and ash with brick 
and tile rubble; saturated@ 3. 0'; 
loose. 

4.5 :;_--~------------------------------------~ 
-=cH ---

6 _; 
----

_; 

Silty Clay: very dark gray; traces of 
fine sand; very wet; medium to high 

- plasticity; medium stiff. 

~---------------------------------
As above but olive gray, gray and 
yellowish brown mottled. 

8.5 :----~--------------------------------·_, 
...::. CH Silty Clay: yellowish brown mottled -
: with light gray to gray; very wet; high 

__; plasticity; medium stiff to stiff. 
--------

12 ....: -
: 
---

As above with 20 to 25% limestone 
gravel; stiff. 

13
. 
5~tr ·-- -~imestone: ye~-1~.:.;~~~- b~~~;- ~~~~~-
:~ and weathered. (possible Winterset 

15. sj~ :::::::::: light gray; hard. -

16. s_:~~ .. (~i_n_~e.rs.e~_I.:!_m_es~?n:> . ··- . -·--·---
p:: As above but broken in part. 

:1,.-Lr 
-:bj 
:t:JJ 
-D 

- 'I -f-:o ... 
l9. 5 : I 1! ·· · ··· · 

.-r--::::J L1 !'":'lestone: hard. (Winterse: Limes~on~ 

Sompl•jalaws[ 
No. 

1-

~ 

~ 

Remor~a 

Water@ 3. 9' After 
Drilling 
(Perched above 
silty clay) 
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Ele•atian 

t-74.1 

72.6 

69.1 

Ptnetration Resistance: N•Biows per foal Oote:4-12-78 

0 e pi h Group 
Symbol Oescrlpllon of Maltriols 

20 -
Limestone: as before. -----

21.5:~~-4-------------------------------------1 
- Shale: gray and light gray; sandy; -: 
- high plasticity; hard. 
- (possible Stark Shale) ---------

Sample Blows 
No. 

Remark a 

25 -~-~~========~============~====~===9==~===============1 -
: 
--
---

-:. -
...:. 
---------= -
: --
--
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-
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-
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-= -
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1 

""MGisture Content, Y.l D•Dry Dansiry, pel Ponarrallon Raslsronca: N•Biows per loot Oaro:4-l2-78 

Elo• at ian 

;t. ~92.0 

91.0 

88.0 

85.0 

84.0 

85.0 

7 8. s 
78.0 

0 e pi II Grou~ 

Symbol 
0 ----1 

: CH ------
-
-

4 - CH ---= -------
7 -: CL 

-8 
: CH -

9 -
: CH --= -
: --
: 
-----
-: 

Otscrlprian al t.larorials Is amol•ia•ows 
No. 

Fill: cinders. 

Fill: siltv clav: dark bro\vn mottled 
with dark yellowish brown and 
reddish brown; wet; high plasticity; 
stiff. 

Fill: siltv clav; gray; yellowish 
brown and dark gray; very wet; high 
plasticity; stiff. 

Siltv Clay: very dark gray; very wet; 
medium to high plasticity; medium 

',_ stiff. {old topsoil zone) 
Siltv Clav: dark gray; very wet; high 

1\lasticity; medium stiff to stiff. 

Silty Clay: dark yellowish brown; very 
wet; high plasticity; stiff. 

1-

1-

1-

1-

1-

r--

-
1-

-

Remarks 

13. s- ...1....,-l 

14 ~-f~~==~Vf~e~a~th~e~r~e~d~L~i=m=e=s=t=o=n=e=·==============~====~~==================~ 
-
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_: 

1------
-
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w•Moisture Content, "·I O•Ory Density, pel Penerratlan Resistance. N•Biaws per loot 0 at •: 4-12-78 
Eio•Otoan Oopth Group 

Description ol Mo terials Remarks 

st.i-92.0 0 Symbol 
Sample Slows[ 

No. 

91.0 

88.0 

87.0 

85.5 

77.0 
76.5 
76.0 

---
l 

_CH 
---------

4 -
: CL --

5 -
: CH 

-= -

Fill: cinders, brick, tile, etc.; 
loose. 

Fill: siltv clav; dark yello ... vi.sh brovm, 
brown and grayish brown; wet; high 
plasticity; stiff. 

Siltv Clay: very dark gray to dark gray 
with some organics; saturated; medium 

[\Plasticity; soft to medium stiff. (old 
1 \ topsoil zone) 

6. 5 : Silty Clay: dark gray; very wet; high 
-1\lasticity; medium stiff. -

-: 
----
-------

--= -
: 
----

-= 
-----------

15 -= t' 7 

As above but dark yellowish brown and 
stiff. 

: ·" Saturated. 
ll 56 • 5 - t::r.:.:.r .. h:-L! Weathered Limestone. 

---
-= -
: 
---

-
: 
--

1-

15 r-- W=30 .5 
D=90. 6 

-
1-

1-

1-

1--

... 

-

1-

1--

1-

1-
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SOILS ENGINEERING REPORT 
LAGOON EMBANKMENT EVALUATION 

CHERRYVALE, KANSAS 

I. INTRODUCTION 

This is c report of subsurface end soil conditions for the existing 

wastewater lagoon at National Zinc Company plant near Cherryva~e. 

Kansas. The lagoon has been used as a sedimentation basin to collect 

contaminated surface runoff from the plant area. The wastewater lake 

was designed as an evaporating lagoon. Numerous height and area 

additions have been constructed subsequent to -initial construction to 

provide adequate storage. 

This investigation was authorized by a contract between National 

Zinc Company and Wichita Testing Laboratories, dated April 3, 1978. 

The purpose of this investigation was to provide an evaluation of 

the stability of the lagoon embankment as it exists. 

Since no guidelines were designated for evaluating the existing 

embankment we used Soil Conservation Service criteria (Earth Dams and 

Reservoirs, SCS Technical Release No. 60) in our stability analysis. The 

embankment stability analysis was made utilizing Class (a) dam criteria. 

It should be noted that our investigation does not include a flood routing 

study. 



II. FOUNDATION CHAR..l\CTC:RISTICS 

1. Bedrock. Limestones anc! shales of upper Pennsylvanian geologic 

age underlie the lagoon. The b~drock is believed to be the u.pper 

portion of the Dennis Limestone, a mer::ber of the Kansas City 

group. The upper fev•.: feet of the limestone bedrock was generc.lly 

weathered and broken at the boring locations. Residual gravelly 

clays and silty clay colluvium mantle the bedrock beneath the 

lagoon embankment. Some seepage was noted at the toe of the 

embankment at various locations along the west and southwest 

.sides of the wastewater lagoon. 

2. Classification. The naturally occuring soils above the bedrock 

have medium to high plasticity and medium stiff to stiff consistency. 

Liquid limit (ASTM: D-423) values of 40, 47, 53 and 45 and 

plasticity indices (ASTM: D-424) of 20, 28, 31 and 26 were 

obtained for Iab.Sample Nos. 2, 10, 11 and 13 respectively. 

Based on laboratory tests a visual inspection of the natural soils 

were classified as gravelly and silty clay (CL and/or CH) 

according to the Unified Classification System. 

3. Density. Six undisturbed samples of the natural foundation soil 

above the bedrock were obtained using 3 and 5 inch diameter 

shelby tube samplers. The in situ dry densities varied from 1. 49 

to l. 72 gm/ cc and the soil moisture contents varied from 2 2. 4 

to 2 7. 3 percent. 

- 2 -



4. Shear Strength. Consolidated-undrained (CU and CU ) triaxial 

tests were made on l. 4 inch diameter test specimens trimmed 

from Lab. Sample No. 7. The test specimens were saturated by 

backpressure prior to consolidation and shearing. Measurement 

of pore pressure respor.se gave 8 para:7teters of 0. 98 to 1. 00. 

The total stress shear parameters interpreted from the test data 

for Lab. Sample No.7 are~= 13.8° with c = 54.0 psf. The 

effective stress parameters are interpreted to be f5 = 32. 0 and 

c = 0 psf. 

5. Permeability. Falling head permeability tests were made on four 

undisturbed samples of the natural foundation soils beneath 

the embankment. The permeability rate was determined for 

each sample at a confining pressure of 0. 5 KSF. Permeability 

rates of 3. 4 x 10-5, 4. 6 x 10-8, 2. 1 x 10-4and5. 3 x 10-Bcm/sec 

were obtained for Lab. Sample Nos. 2, 10, 11 and 13 respectively. 

Using an average permeability value of 6 x 10-S, the seepage 

beneath the maximum section of the embankment (near Boring No.2) 

was calculated to be about 0. 14 cubic feet per day per lineal foot 

of embankment. Using the dimensions of this maximum section for 

the effective length of the embankment (assumed to be 2000 feet), 

the total quantity of seepage beneath the embankment is calculated 

to be about 280 cubic feet per day. 

- 3 -



As can be seen from the laboratory test data, the permeability 

rates of the foundation soils can vary greatly. The wea~hered, 

broken portions of the limes tone can c lso be highly per-..rious. 

The seepage rates will differ t;reatly at various locctions beneath 

the embankment. The actual to~al quantity of seepaqe beneath the 

embankment may be from 200 to possibly 500 cubic fee~ per day. 

6. Dispersion. The results of the dispersion tests on Lab. Sample 

Nos. 2, 10, 11 and 13 indicated dispersions of 33, 30, 6 and 

37 respectively. These values indicate the foundation soils are 

low to non-dispersive. 

" ., -



III. EXISTING EMBANKMENT tv1A.TERL:\LS 

1. Classification. Seven samples of material from the existinc; 

embankment were tested in the laboratory for classification in 

accord::nce with the Unified Soil Classification System. The 

liquid limits ranged fror:1 39 to 60 and the plasticity i:1dices 

varied from 19 to 42 for the embankment samples. The embank

nent mat~rials were classified as silty clay and as CL and/or CH. 

2. Density. Seven relatively undisturbed samples of the embank

ment material were obtained for inspection and laboratory testing. 

The insitu dry densities of these samples ranged from 1. 45 to 

1. 63 gm/cc and their moisture contents varied from 23.6 to 32. 1% 

3. Shear Strength. A triaxial shear test (CU and CU) was performed 

on specimens trimmed from Lab. Sample No. 6. The test 

specimen was saturated by backpressure prior to consolidation 

and shearing. Measurement of pore pressure response gave D 

parameters of a. 97 to 0. 99. The total stress shear parameters 

interpreted from the test data are»= 22.7° with c = 330 psf. 

The effective stress parameters for the sample are interpreted 

to be~= 28.0° and c = 300 psf. 

- 5 -



N. SLOPE STABIL!T{ f..N.U..LYSIS 

Computer analyses of slope stability were performed using the 

modified Swedish circle method for steady seepage conditions at the 

maximur:1 section of the lagoor. embankment (near Boring No.2). In 

our analyses we assumed a downstream s lo:;e of 1. 7 from the top of 

the embankment (about elevation 92. 0) to the top of the natural ground 

surface (about elevation 79. 6). The embankment section used in our 

analyses had a top width of 12 feet. We also used a 2:1 slope for the 

upstream slope (the side facing the lagoon). We made our analyses 

assuming that a theoretical phreatic surface would develop at the 

water level in the lagoon (at elevation 9 0. 4 resulting in 1. 6 feet of 

( freeboard) and would extend to the toe of the downstream slope 

(about elevation 79. 6). Effective stress shear parameters (CU) were 

used for steady seepage analysis. 

The safety factors for both normal and earthquake conditions were 

determined for the maximum section as described above. A safety 

factor of 1. 46 was obtained for static conditions using a total of 184 

trial arcs. This factor of safety met the 1. 4 minimum requirement 

(SCS, TR-60). A factor of safety of 1.16 was obtained for earthquake 

conditions in a static analysis, assuming a horizontal acceleration of 

0. 10 g. This met the 1. 0 minimum factor of safety requirement (SCS. TR-60). 
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( 
V. CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Based on the field and laboratory test data obtained from this 

in1.·estigation and on current Soil Conservation Service criteria, we 

conclude that the National Zinc Company ~.vaste water lagoon has adequate 

slope stability for the existing slope configurations and lake level. As 

stated in the introduction to this report, we did not conduct a flood 

routing study. 

RECOMMENDATIONS 

(1) We recommend an in-depth hydrology study made to determine 

the potential for overtopping the lagoon embankment. 

(2) At the time of this investigation the lagoon water level was 

at elevation 90. 4 which provides only 1. 6 feet of freeboard 

at the maximum section. We concur with the State of Kansas 

Department of Health and Environment suggestion in their 

letter to National Zinc Company dated January 31, 1978 

stating that the plant area be graded so as to divert all 

uncontaminated storm water runoff from entering the subject 

lagoon system. 

- 9 -



(3) Se~age does not appear critical at the present time; however, 

timely observations, r:1easurements, and analysis of data are rec-

om mended as a safeguard for future continued use of the lagoon. 

The seepage quantities could be determined economically by con-

structing weirs. The seepage qua!ltities could then be monitorec! 

by studying the weir readings taken periodically. Tests of the 

dissolved and suspended solids in the seepage water coulc! be 

monitored for indications of leaching or piping. The seepage water 

in the installed observation wells could be similarly tested and 

monitored. Pump-in or pump-out tests of the observation wells 

could also provide useful information. 

If the quantity of seepage beneath the embankment is considered 

excessive at any time it may be controlled by pressure grouting 

through the embankment or possibly by application of bentonite 

to the reservoir surface. A cement grout appears preferable over 

other fonns of chemical grout. Bentonite could be applied to 

those sections of the reservoir where seepage is to be controlled. 

This may be accomplished by broadcasting pelleted bentonite 

over the water surface. 

- 10 -



If yell have questions ~concerning this report, please give us a call 

at your .convenienc;e .. 

Subrni~ted By: VltCHITA TESTING LU..B:ORA~TORIES 
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3 ,~.s CH IB ~7 (,3 83 6892195 CJ& 98 too 

1 :Af!.s CH Bs 52 ~~ 67 'JZ 96 CJ9ii{K) 

3 17.fl:s CL L7 ~7163 00 15 ?8 o/!VaJ ~-J--
1 ~ CH 25 45 65 77 8/ 87 90 9Z ?5 1a:A 

11 12 ·£'.5 ct 10 34 6t qo 114- 1a wlcn ;aJ _li.J_ 12 ! Boring No. . 1 

; 13 l· i31 f3orlng No. . l .. !f·- 1- l-t--.-.~-,--, -,-,-.---.----.----.~-,-, ~,-. 
14 ! 14 1 Doring No. __ 

d 17B"G r.t z.t 4;~4 8~ CJ511q ~c;"oo 
~ 110;9.~ I ci-I~I2dA366 a519t ?77!3 ~lwvoo 

I I 

l :-1 J-l--1 I I J--1~ I I I I I I I I 

; ---
1 

l-

c=H I I Ill 1111111-JIJI-

: 
I 

~--.j ! I I 1 1 1 1 1 1 1 1 I I I I I I I I I I 

-1-1~-J.-1-1-1·-'-I -+-1 -11 1-1--+ -t--1-1-1-.J-1-1-I-I-1 1 I I 1-
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~L\TEnL\L5 vVESTERN LABORATORIES TRIAXIAL SHEAR TEST 
TESTI:'\C lt[POI1T cdf~i. ~·~~/I,J 

~.a.WP\.,( l..OC.Ar,Q."'t 

~ Cft,Oa...K,r>e..of ~ ..e-2 
Q(PT" C.(OI.OGIC 

T1P( OF !>~ .. Pl.( 

d.Jo, r ~"~ P;:J.~."i 
"INDEX 

uses 
% FIN::?. ( mm): 0.002 

0.074 

G:: (- • 4) 

STAND:...?.D: ..,d MAX. 

MODIFIED: rc M~X. 

r:.e' -t3.2 

EST DATA 

, LL PI 

0.005 
(= 200) 

Gs (•=4) 

pcf; wo 
pcf; "'o 

Ofo 

o;o 

SPECIME:N DATt. 

HEIGHT 3-0 •, DIAMETER /.d. 

MATERIALS TESTED Pt.SSED SIEVE 

METHOD OF PREPARATION 71;·,-,a:~d 

4..., :7,..., uad;s..fu.-_f.-..-1 &c~ 
MOLDING MOISTURE % 

MOLDED AT __ % OF "'fd MAXI.'-.IUM 

TYPE OF 

TEST 

uu 0 
cu 0 

. cu 621 
CD CJ 

DRY DENSITY 
3 

MOISTUR t: CONTENT, "'o TIME OF MINOR DEVIATOR AXI.lL 
INITIAL 
pcf 'gl 

gleeD 

f19.9 
89. A-

92. 1 

--... 
<l: 
c:: 
1-
(/) 

., 
a. 

-..., 
(/) 
(/) 

l.U 
c:: 
1-
(/) 

CONSOLI- START 
DATED 
pcf ~ 
gleeD 

93.Z-
Bt;. P> 
c;rc. ct 

I 
10 '. 

'' '. 

(f:!,-, ~,. OF 
TEST 

.'?A 3o.s 
-99 3o.g 
.97 .2<J,o 

-a. 
.,-:-,. 

SHEAR PARAMETERS 

6 2Z,7 deq. 

ton f o .4..CS 
c :33Q psf 

DEG.OF SAT. END CONSOLI- PRINCIPAL STRESS STR.l.IN AT 
AT START OF DATION STRESS a 1 - a 3 FAILURE, 
OF TEST TEST ( h rs.l a3 (psi l (psi l E (%) 

9~ . "Z- I 33.9 LS &.2. /4-.L 19 . .t!.l"? 
9S. z_ ::1.4- I /$"' 14-.1 Z5.7 z..o. /d 
<;t,.d ~3 ._9_ /(p 17. 5 ZB.S s:. 39 

., 

DEVIATOR STRESS ( a1 - a3 ), psi 

r-· '. 

t±_:.' 

~ ~ 

. ' 

'.' ~ 

.... : 
.. ·...r-: 

. . . r.~·.. .1.. .o.-W...~ 
: ' I ; -~ --=+-- ~- • ' ' 

·.·,:::r- t~: '. . 
.... -J..._L.._ __ . '+-r :-J-:.~~ ·~.or--!--

- . ---;-~~- ... r-··~. 

. ;..· 

·~--~.__· 

' }~;. ~~;:~: ·~ 
,- '":"' -.,' • I 

·~-

- ·r.·T""""""+
:·-+-: .. 
~ T , .. .._:._;.~ 

: .. ~..::::--- .. 

·-
'1-..:..._. 

O 0 . 10 2.0 JO 40 
NORMAl. STRESS !c-l, psi 



6 
~L\ TEIU.-\15 \VEST ERN LAB ORO.. TORIES TRIAXIAL SHEAR TEST 

Tf.~Tl~C 1\EPOHT c::U"t~ EN?·~u wich pore pressure mc:tsured 

pqOJ(C T - SlAT( 

--- '· 
I SAWP\.( ~OCATION 

I I - . I /. / ;~ .- ~ c:,.., bo-, K m.JJ.r> I GJ B-2 /•1 ....-;- I , / J ...-;.. 

r •P"t O' s.owi'I..E T"EST(O &T I AP9"0v(O Bf I o•rc..(~ 
!" f, ·' /!''; ._;;" //// ,j .,... _,-/ t. / ./7 (' ,;' 1..-: . A'c - s-/7c 

MINOR PORE EFFECTIV£ DEVIATOR AXIAL 
PRINCIPAL PRESSURE, MINOR STRESS, F.11LURE STR.11N AT 

STRESS, u PRINCI?AL al - al CRITERIA FAILURE, 
O'l STRESS, 

( psi l (psi l al (psi l ( psi ) €. ('r.) 

- '· .., - .?. <j ;I. .3 .·- , - - I. c 0 _ ......... __, . ...., -
1-:':/ 7.3 f.::..S zc.S r:;; 2.{, 7 

I 1. 8 q,; 8.7 7 7. ? -
~ 

..;) 
3.~"- 7 

PORE PRESSURE (u}, psi 

{) f" /0 

~ 0 ±t±±-;-: .. .. 

'- ~ [l+ .. . . . ... l1 ·t-• . ' 

. t+ Vr ~ 
'' .. ' . - ' . . .., ' - .. . J I r' I ' '' ' H-- () . . . . 

i ~ I, . --< 
'' I a:: 

1- '.' rf. .. t en 

t-. : ~ . 
1::1 '' . ' 

'. 
' ' '. 

'' 
SHEAR PARAMETERS . ' 

i 28.0 de g. ,., 
tan o f!). 53Z 

r- c .3oo psf ~ 
...I-

--• + Q. '. ' /0 . . .. - '. ' ..... - ' 
en 
en ..... 
a:: ~ ~· 1- ' ·t en -

* fi: a:: t 
<( ..... f~ ·t -- ' en 0 '' ' I 

0 /t:(J 2o .so 
NORMAL STRESS (a), psi 

REMARKS 
Cr: l ,.-/...; r,.....: ;. ·,-r f r.t' / /"" / ~ /" , .... _,. / . -:..-~//-/~..: 



1.. A!lO'~~ro", .. o 7 

~1:\TEHI.\LS \VESTER1'-i LABORATORIES TR !AXIAL SHEAR TEST 
TESTI.\C ltCPO ftT o-~1-~-~ £-7.,.,~~"1.J "" 

7 /AIC ~-

7 
Q(OIM • I C.(OI.OC.IC. 

/5.7- 16.4 
TrPC or ~ .... Pl.! 

I /.;er J rr 112. 8. (:::" D 

rt srro u 

L.!-J<n "' N ~.Q.R. 
'INDEX TEST OATil 

1 

uses . LL ____ __ PI ____ _ 

0 /o FINER ( mml: 0.002---- 0.005 ------
0.074 (" 200) __ _ 

Gs (-"4) Gs(~"4) __________ _ 

STANDARD: 'Yd MAX. ___ pcf; w 0 ____ 0/a 

"-1001FIED: '~d ~1AX. pcf~ --. 0 ___ ~~ 

S?ECIMEN o.u:. 

HEIGHT 3. 0 • , OIA.\1ETE~ 

MATE:RIALS TESTED PASSE:O SIEVE 

METHOD Or PREPAR:.TION -;;.;rr~ Q --4 

MOLDING MOISTURE % 

MOLDED AT __ % OF 'Yd MAXI/.IUM 

TYPE OF 

uu D 
cu 0 
cu C8J 
co 0 

DRY DENSITY a 1--t-.-IO_IS_T_LJ..,.I.:::J_. E __ C_O_N_T...,.E_N_T,;_, _ola-......j TIME OF MINOR DEVIATOR AXIAL 

INITIAL CONSOLI- START OEG.OF SAT END CONSOLI- PRINCIPAL STRESS STRAI~l AT 

Pcf 18J DATED g .... -~ OF AT START OF DATION STRESS a 1 - a 3 FAILUR~. 
pcf £81. 

gleeD gleeD TEST OF TEST TEST (hrs.l a 3 (psi) (psi) €. (%} 

9Z.9 <jtp.9 .99 27 . .3' C);.q 27.0 1_7__ .21.1 27./ 2d..-d. 

z 
< 
a:: 
1-
Cil 

.. 
Q, 

Cll 
Cll 
I.I.J 
a:: 
1-
Cil 

c:: 
<( 

I.I.J 
l: 
Cll 

R!::t.IARY.S 

DEVIATOR STRESS (a1 - a 3 ), psi 

0 
0 .. 

' .. 
~ '' 

' . . 

. . 

. . . 

.. ~·· 

SHEAR PARAMETERS 
~· 

I 

ton o 
i+ c 

13·8 deq. 

0.24..~ 

--=S::..:;:.:..Q~'--- p sf 

.•..• 1 .• 

''· .. ~··· 
:':+ 

, I o I' ''I 
~-

. ' 
' 

.. '=i·~h 
...... 

'.. ;.~~· ~ · _ __,;, 
. I -r- --' ~· 1-· . . ·---'-

'j ·... . . --

I,:., 

···~·.;:.-:-:: .-.. 
:==c.~~ . -+.:..:....;..1- ~~.;...-:--
.••. ·;....>: . ..,.~~ .. ..;~:.-:. 

-1±:- ~ -:f--t~ 
,"-t'T -:. ~· . 

.:~ ....... _ 

. • "'! ~- ~r.-:-
r--;-; ..!..+ +-,.:·-

--i--

·-r:-:----'-

-

··-
·-

-~--

0 . ' . . ' . . 
c ID l..O JO 4.-0 

rWRMAL STRESS (al. p:;i 
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lASOAAfOAf' NO 7 

~!.\ TF.:It L\1.~ 
TE~Tl:'\C HEI'OHT 

'vVESTERN LABORATORIES TRIAXIAL SHEAR TEST 
~~ £"'f"'~~u wich pore pressure measured 

pqQ.J(CT - STAT( - / • . _ .. 

/' . ~, 1' ,,r; .. ..-: .· .- _.... .-

MINOR PORE EFFECTIVE DEVI>lTOR 
PRINCIP~L PRESSURE, MINOR STRESS, 

STRESS, 1.1 PRINCIPAL a 1 - a 3 
O":l STRESS, 

(psil {psi) a_, (psi) (psi) 

6.7 z. 3 /4-. ~ 

;.:::::::. . I /6./ 
Z I. I //,/ /0.0 

PORE PRESSURE ( ul, 

f j_O 

psi 

F:.ILURE 
CRITERIA 

AXIAL 
STRAIN AT 
FAILURE, 

E. ("to) 

8. ob 

0 
~ 

'' '' '' ttlf ' ' '' + 0 

'' ~ ,, '' - . ' .. ' .., .. 
- + ..... .. ' ' ' z '\) '. j I -< 

l a: ..... . . 
en 

~ 
1 J. 

'\) 

~ SHEAR PARAMETERS '. . . 
; ..32.0 deg. .. 
tan i t).62S 
c 0 p sf 

--c. 
lt:J ' 

'' -1-J -
en 
en ' 
...... . . 
a: ... .t· ~ .... ' en 
a: ' ' ·f.F t ~ c:( 
...... 

f'f- ~- ~ r+ ::: ' en 0 ' ' ' 
0 /0 20 .3o 

NORMAL STRESS (a), psi 

REMARKS En ;-· r I~/ .... r- 6,.-,~r-,-f "" I' .: 

, 
~/ ~ ~ .,.. ..... , C urr~ :5 
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Appendix 2 

Lithology and Completion togs o(New Monitor Wells 



COMPLETION \JELL 
LOG 

AJ\ A o1o II IIIGIII!IIIIl<G AIID 

fl \ !IMROIIIIINTAL SEIMCES. IIIC. 
~D:.....:..:RIL;;:;,L.II;,...;;..NG~_;;_T_;;_H(]IID~·A=.!!!..IR..::.l:l. ROT~ARY:,__ ___ ---l BORING NO. 

6 l/4' AIR HAMMER M\1-5 
SITE NAME AND LOCATION SHEET 

~~~~~~-------__, 
NA TJONAL ZINC SITE 
CHERRYVALE. KANSAS 

SAMPLING METHOD• I or I 

START F'INISH 

\lATER LEVEL TIME TIME 
1-.,~EAI-=.. Tf:H~ER-::_ S::-:'UN_"'~'f_------:T=EMP:----:I,.,..-00,....-F'--I----:T,-.,;IIH-::-E--I-----I--+----t---i l•JO PM J•OO PM 

r---~----rjG __ .L.E __ LE:v __ • ______ ~~-DAH~:E~~--r-~r---i--~ DArE DATE 
DATUM MSL 1 roc ELEv. CASING DEPTH 1-22-o: 1-22-oJ 

DRILL RIG> ATV AIR HAMMER _TY~ GRAVEL• _C_ASIN~ DIAo 2' I SCREEN DIA• 2' 

ANGLE BEARING TYPE BENTONITE• SCHED.• 40 PVC !SLOT SIZE• 0.01 

SAMPLE HAHHER TORQUE F'T.-L BS · 

::; 
i ... .. 

3 ... 
~ > 

0 ... al 
1!1 

r-
r-
I-

~ 
-
-
r-

~ 
r-
I-

r-

15 
-
r-

I-

rao 
r-
I-

-

~5 
-
-
I-

~0 
r-
I-

li1 
! DESCRIPTION 01' HA TERIAL 

Rll=tll=t fUI-' :)OIL. uRAY SIL fY MOIST 

CLAY, BROW'N, LIGHT BROW'N, MOIST 
PLASTIC, STIFF 

-., 
LIMESTONE, BROW'N, CREAM, FRACTURE""--fu~§Et~l 
W'ITH SHALE STREAKS. HARD. W'ET -·_ §-~ 

LIMESTONE, BROW'N, DARK BROW'N, 
CRYSTALLINE. HARD. 'JET STREAKS 
TO 13' 

13'-16.5' DRY 

TD-16.5' -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

~.;::: ~-:;j 
:;,~ 

\/ELL 
NOTES 

CEMENT GROUT 0-2.S' 

BENTONITE 2.S-4.S' 

CASING 

SAND 4.S-16.S' 

SCREEN 6.S-16.S' 

" c 

" VI 
...l 

2 
o,j 
~ ,_ 
...l ... 
...l ...l a: i c 

" "' > "' " ~ X c ...l 

"' ...l .. 
~ 
1-
z 
0 ci< 
u ... 

...l 

...l 

l:l a: z c -_J 
_J 

~ 
Q 

!::: 

>-
Ol 

"' 
Q ... ::..: a J: ... u 

"' z: ... 

>- i 
Ol g .. 
Q ~ w 
l:l w 
l:l 1-
0 <t 
_J Q 
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COMPLETION 'w'ELL 
LOG M. o\ a II I!IICI"I!IRIIOC o\I'D DRILLING H(THO!t. 4IR ROURY DORING NO. 

IINVIROHII!Ifi'AL SEIMc:a. 111C. 
6 1/4' 4IR H4HH(R H\1-7 

SIT( NAME: 4HD LOC4TION SH£(T 

NAT!ON"L ZINC SIT( <:.O.NPI INr: _H~TI~Ollo_ I ·•. !JF' I 
CHE:RRYV"l(, KANSAS ·nRn r~ 

SURT f'!NISH 

\14 T(R- L(V(L T(H( T(H( 

\1~- SUNNY T(HP 100 F' T(H( 7,30 "" 9>30 AH 

G.L- (L(V. 'J)AT£ OAT( OAT( 

OATUH H_g. I TOC (L(V. CASING DE:PTH 7-23-0: _7-2_3~~0~ 
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(,'t.t-.m"e 5v~t-e Ccrm,(J /e,red b.Jj 

lecvd )~i frrrk.~~e, C/I.J-v.Q-r-

roL "3bi ft!?J /),y c~r~tH4 

I 

. ... 
II. 
"" 

------

0 
Ill 
I: 
>-
11'1 

11'1 
(J 
11'1 
::I 

IIV.. 

---J::.L -
---------
----OL -----
----CL ----· -
--------
---------
---. --

SAMPLES 

>-a: a: lU 
lU ::> 
Ill IU 0 
I: 11. (J 
::I >- lU :z: 1- a: 

) 

-

. ~ ..... 
II.. ' IU :;::, a: 

::I 
ICI'I ... 

::! 11'1 
1-0 H 
11....1 0 
ll'llll I: 

T~E ~TitAT!FICAT!ON LINES REPRESENT THE APPROXIMATE BWNDARY LINES . 
. !:;-·'EEH SOIL AND ROO:: TYPES: IH·SITU, THE TRANSITION HAY BE CRAOUAL. l BOREHOLE DlA.: lfjU9fl 

WELL DlA.: 2, ~. 'r 
: - WAl"ER. l.EVEI.. OBS~RVATIONS 

w-o ~ fJ f'v : .... ..._, / / 
! t-

-~ .... ~..._~,---r-T)---,,~-,,--~~L-~-,TV--,~----~ 
i 
l 
i 

I Kansas Departmen_t <, 
of Health and 

Environment 

DtotUion of ECI'W'itocvnca& 
l 

BORlNG 5rAR1CD 

BORlNG COMPI...E!ED 

APPROVED 

TESTS 

a: .... 
OI: 
11.11. Xet:. <I:Il. 
J"' 

Lee&~ ocn 
..JI-
IUII'I 

rfb-714-J looiU 
ILl-

-



I ; 
j 

I, 

I 

( 

l. 
.J: ... 
0 

TOP OP CASING: 
G RO UNO SURF Ac::E El...EV..: 

c:J.v, ne~.-v v,s.j{;c{ t!•t.jhru.f.-tllt(,y ~ tc:ci5r 
C,cool rJ.~ TW'f\~ 1 ),<di. 

.0----l Dant b,~n -to -

rer/J.'JI, b,~><v., 5 ,'t-lj }t,,t"J 
_ f lcl.11r- ree-t-!J 

f- ?;, .5 ReJJ~~~ br6Lwn 
&·~YQ.Y s~'Jr t.v/6a-'rt:-&~ 

f'gs.,rf~ 

·-r d) Y., 0 ~ ci/J~ ~~1 f arrAnts 
5( 6c.(OQY1. I e,v ~v~vl-e., tro· 
Sa .. :nc.,e 1-o /, fJ ' f3ew~ tt-e c-~)Jo5 r0 

~ fi}"JVJve {-v~"'e J.fr.C'c-h ~y;~ 

} fJ c_ 3. Uf ' B"s Com(Jk~ w( 

5 tee.\ pre te<"''v<t {~over 
1 
f -nit ~<I 

Dry C. 1 c c.,./ ft, ~ 

T~e SiRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES 
!:7".1EEN SOIL AND ROO:: TYPES: IM·SITU, THE TRANSITION KAY BE CRAOUA.L. 

t-- WATER LEVEL OBS~RVATIONS 

I 

SAMPLES 

..J 
0 ..... III ll.. I: >->- a: 2:, Ul a: lU 

lU :::> Ia'! Ul III lU 0 3 u I: a.. u 1-0 Ul ::1 >- lU Cl...J ::1 z ..... c:: Uliii 

- • v -
-

_:_r.., '/_ --
J --

---·---
GL ---

-
-------
--------· -
---- ------
---------
---. -
-

BOIUNG STARTED 0 RJ 1}1t{E_ 

APPROVED JOB# 



,. 
: 

; 

) 

J v' ~ ·), J b q Rt J m. 19 f~ ~\u.y 1 § ct~ r ~,-'tl f... 
$e' s~urh st+ J;1te~i'll&tt e"1lcf 

$d-!?0 Ct.~ N et.V V .t,./ tJ-1{ 

Q_ e G-~e~ ~ br v'-wn c [t.yey 

·S /-}f-) ·a.1 .. ,vJa.;rr Scu1efs rrG-n e. 
f'e!>lce~ 

'] 0 -3,5 /i 1 h r-t;~'"tt,Y '5 /f<Htv..e; 
· .vvect·f--{, it'€~ tn'""tG~ ~ 

S ( ~/t:J 9rBtn trvtfhm-ecJ S'v~;{~ 
~D 

5-r-YJcY.,f) f~5 1 /!erJ~~~ feS<.t-rhte 

ro c 3, /;f , 11 ~ ~ ct)- ~jO 1-e..;-ed (J·'H, 

ct ~~VI"!~ >;/tte-{ ~UJve.Cl>tJt;-

D~ a:t- Ce vry:;/e,~/IJ-n 

T"E STRATIFICATION LINES REPRESENT THE APPROXIMATE BOUNDARY LINES 
ael'\.'EEN SOIL AND ROO:: TYPES: IN·SITU, THE TRANSITION HAY BE CRAOUAL. 

I 

l: 
1-
a. 
IU 

·0 

---------

---------
-------

..J 
0 
Ill 
I: 
>
If) 

If) 

CJ 
If) 

:I 

~p 

- . 
-
---------
---------
---. --

-

BOREHOLE or.:-: Lf· ·i'j~lJ 
WEll 0 tA.: ';)..- 'I 

~~qo 

WATER, lEVEL OSS~RVATIONS 
j ~nsas Departmen_c .Z 

of Health and 
Environment 

BORING STARTED M I fl1ct_1_ 
BORING COMPLZI"ED IJfj Rf'Jqe{ 

I Di.Wan a( EawiranmcGl 
APPROVED JOB .;t 

·----------------------------------
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' ' : 

I ! 
' i 

' 

. 
i . 
• 
: 

i 
; 

' ! 
; 

_..._,._. '-'' .....,.._,,,,,,u l'iV. 

, OWNER ~()If£ GEOLOGIST ~~ J?.~ 

PROJEcr A J 

" ' 
) 

~ 
/ 

CJ ... 
I: 
" :! 
:t 
0 

-

" 

-

WELL 
OESCRJ:PTJ:ON OETAJ:L 

TOP OP PROTEcrOR PIPE: 
TOP OF CASING: 
GROUND SURFACE ELEV.: 

fJ - ~ OtrlL- b"c.'-wVI 5"//~ c-fa.y 
{ ~ ct:,.Y\ 

1 
p I Lt?r {?;trr5J c-er y 

4 --(~ 6Jro~-19Q 1-19 redJ/s h fy~, 

(,I({. Y; f<.(_ >-1 h. 'it ~ {? lit(, 11 't/1-;; Vt'rJ' 
~ ~'=~r 

h -4 Sam~ /o vt- w.,~~ "l)10(U;?~t7 
~~..__ res~tfu.J?J .... """~ 

~~-~'v' ce ' 
5 r • (9 t~ S~cJ0(e 'f 0 iJ~'c, S ollZkYI 

£.:~J ~ d..S . .BrulrM'-t*f?- n:; &?,SWI c-l;.Y,s) 
IGG 3-fd. rth.s- IJb 13~17 . 

01"\j 'l·t- ctHnffeH'-Mt Ci ~~l4'11·qk IN~r 
•.0.'\~h • .:., S£i~n Sel.-;.&1... S/&Hc~k 

;~~STRATIFICATioN LINES REPRESENT THE APPROXIMATE BQJHOARY LINES . 
~JEEN SOIL AND ROCX TYPES: IH·SITU, THE TRANSITION HAY BE CRAOUAL. 

I 

I VCL'h 

S~MPLES 

"" .J . 0 
1- 10 
IL I: .... >-en a: ..... w 
1- en 10 w a. CJ I: a. w en ::1 >-·0 ::1 z 1-

~ fl 
I 

----- CL ----
--------- c~ 
--------· - /;._ 
_I"""~' 

--
~ - ------

---------, 
---
-

1-

>- IL 

a: Z:'\. w 
::> 111"1 
0 :l 
CJ 1-0 w a..J 
a: CillO 

.. 
Ill 

~ 
l
en .... 
0 
I: 

I BOREHOLE D£A.: i;f TtJ''1 

1 WELL DtA.: ~11 

TESTS 

j ~nsas Departmen_c .\ 
~ of Health and 

~ Environment 

l Diw\aiaft al EawoiraNnCcu 

BORlNG STARTED {j ({'} ~ /({ q 
BOruNGCOMP~ &J'l}f/~f 

··~I J I <. I _/0 I 3 •.W 1.--. }(.) c. APPROVED JOO # 
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WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wocllola K qnsas 

Borinq Mtlllod· 6-ln. conrinuoua fllqhl auqcr Standard Penetration Test Barinq No. 

Undisourbed Soil Sampler: 3-in.o.d. thin-walled lube 140-lb.Hammerj 30-in.Fall_l2-in.a.d. Splil-barrel Sampler Sheer 1 at 2 

w •"'o•slure Conlenr, -r.J 0• Dry Oenslly, pel 

2 

Elt•arion Depth 

r-92.1 0 

91. 1 1 -
-
-
--

89.1 3 -
-------

--= ------
: 

-= --
84.1 8 ...: 

---
---= ---

...: 

----
: 
--

Group 
Symbol 

1---

CH 
& 
CL 

\1 

78.6 13.5: 
- CL -----77.1 15 -
:CH 
---

75.6 16.5_ 
..::. -- I --- -. -
-

7 3. l 19 
. ., .. 

- ~I 
- I 

=0 

Penerrallan Resistance: N•Biaws per foal 
Care: 4-11-78 

Description ol Materials 

Fill: cinders, brick, tile, etc.; loose. 

Fill: siltv clav; very dark grayish 
brown, dark yellowish brown and 
reddish brown; wet; medium .Jnd high 
plasticity; stiff. 

As above but saturated in seams. 

Very wet to saturated. 

Silty Clay: some organics; very dark 
gray; very wet to saturated; medium 
plasticity; medium stiff. (old topsoil) 

f'-
Siltv Clav: dark yellowish brown; 
saturated; high plasticity; medium 

f\ stiff. 

Limestone: weathered and broken. 

·--
Limestone: hard: light yellowish 
brown. l_oossibl?. Wint~rs~t Limes:onel 

Sample Blows 
No. 

5 

6 
~ 

~ 
.-2-
~ 

7 I-

J-

J-

-

Remarks 

W=25. 5 
D=98. 6 

Water Level@ 7. 7' 
(Elev. 84. 4) After 
24 Hours 

N=S 

W=32.1 
D=90. 3 

W=30. 2 
0=94. 9 

W=27. 3 
0=94. 9 



PROJECT 
WICHITA TESTING LABORATORIES 

Materials Engineers 
Wochola , K a_n,as 

Borin; Mtlhad: 6-ln. continuous fll;ht au;tr 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Standard Penelralion Tesl Bo rlno N a. 2 
Undisturbed Sail Sampler: J-in.a.d. thin-walled tube 140-lb.Hammerf JO-In. Fall 12-ln.a.d. Split-barrel Sampler Sheer 2 al 2 

w•Moisture Content, Y. O•Ory Density, gel Penetration Re,lotancs: N•Bia .. s per foal Cote: 4-18-78 
Elevation 

f--72.1 

70.6 

67.1 

Remark a Oaplh Group Oescrlplian of Materials Sample 61aws 

-~S~y~m~b=o'~============================================~~N~a~--~r-----------------------1 20 _ I -§ Limestone: as before; but shaley; 
: dark gray and hard. 

21.;:~~-4---------------------------------------------------------
---
---
------

25 ----
..::. -: 
_: 
---

..:. ---
-= ----= -
_: 
-
--
: ---
---

-: 
---= -
---
-
---------

-

Shale: dark gray with thin limestone 
stringers. (possible Stark Shale) 

1-

1-

-

-

-

-
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials En~lneers 
W•cllola Kansas 

8 ORTN G l~OG 
BorinQ Mtlllod: 6-ln. eonllnuoue fllqhr OUQtt Standard Penalralion Tesl BorlnQ No. 3 

Undisturbed Soil Som111er: 3-in.a.d. lhln-wollad lube I.;Q-Ib.Hommarl30-ln.Foll lz-in.o.d.SI!Iil·barral Sampler Shaer 1 or 2 

w•MC)islure Cantanl. •t. 0• Dry OenJIIy. pcf Panatrallon Resistance: N•Biaws par loot OataA-11-78 

Ele• arion Oe111h Grau11 

r--91.3 0 
Symbol 

--
90.3 1 

CH 

-
-

-

-87.3 4 -CL ---= -----
: -

83.8 7.5 
-ICI-. 83.3 8 -cH -

82.3 9 ...: -----= -
: 

80.3 11 -
_CH 

...: 
-
--

77.8 13.5: 

~ 
-

-:: 
-
-

~ 
-
---

74.8 16.5: 

~ -----

~ 
--
-
-
-5J 

Oascrlplion al Materials 

Fill: cinders, brick, clay tile, etc. 

Fill: silty clav; dark yellowish brown, 
grayish brown, reddish brown and 
gray; wet; high plasticity; stiff to 
medium stiff with depth. 

Fill: silty clay; very dark brown and 
yellowish brown; wet with saturated 
seams; medium plasticity; medium 
stiff. 

Siltz Clav: very dark gray with some 
,\:rganics; wet; medium plasticity; med. 

stiff to stiff. (old topsoil zone) 
Siltl Clay: dark gray with· lime 
~oncretions; wet; high plasticity; 

, medium stiff to stiff. 

As above but dark yellowish brown. 1\ . 
Gravelly Clay: 20% fine to medium 
gravel {chert); dark yellowish brown: 
wet; high plasticity; stiff. 

Limestone: dark yellowish brown; 
broken and weathered. (possible 
Winterset Limestone) 

Limestone: light yellowish brown; 
fossiliferous; medium hard. 
(Winterset Limestone) 

Saml!ll Blows 
Na. 

10 1-

r-1-
~ 

4 -

r-

11 

... 

1--

~ 

Remark a 

W=25. 5 
0=94.8 

W=28. 5 
0=95. 5 

Water Level@ 7. 7 1 

(Elev. 83. 6) After 
24 Hours 

W=24. 3 
0=98. 0 

N=8 

W=22. 4 
0=107.6 

~;,...,,r~ t n,...; II or! P.t~· 'vVi II;,.,.., o ,-:; ,.,.,., 
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PROJECT 
WICHITA TESTING LA BORA TORIES Lagoon Embankment Evaluation 

National Zinc Company 
<therryvale, Kansas 

Materials En~ineers 
WoCIIolo K a 1\Sos 

. -
BORING LOG 

Barinq Method· 6-ln. continuous IIIQIII auger S I a n d a r d P e ·n e I r a I i a n T e s I Baring N a. 3 
Undisturbed Soi'l Sampler: 3-in.a.d. lhln-wolled luOe 140-lb.Hamm•rl 30-in.Fall jz-in.a.d. Spill-barrel Sampler Sllur 2 at 2 

w•Mc>isture Content,,.., 0• Cry Oenslly, pel Penetration Resistance: N•Biaws per fool Dare: 4-11-78 

EleYation 

1-71.3 

69.3 

68.3 
67.8 

66.3 

Depth jGraup I Qucriprian af Materials 

20 
Symbalj 

~g Limestone: gray; hard. 

22 

23 -:: 
23.5-------25 -

: 
-= 

-: 
: 

-= ---
-= --
-

: --
: 
----------
-
-----: 
-----

-
------

-
.-

Shale: dark gray (possible Stark Shale) 

~c~qr.e.Q..q_s_ 

Shale as before. 

S amplejeraws 
No. 

-

-

-

t-

Remarks 



r 

( 

( 
--

PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

Na tiona! Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wictlola , Kansas 

BORING LOG 

8 a r in q M • r t1 a d: 6 -In. can r in u au 1 f II Q hI au Q • r Barlnq Na. 4 
Undisrurbed Soil Sampler: 3-in.G.d. lhln-walled lube 140-lb.Hammerl 30-in.Fall 12-in.a.d. Spill-barrel Sampler Sheet 1 of 2 

woi•IGisrure Canlenr, "·I D•Dry Density, pel Penelrarlon Resistance: N•Biows per fa or Dale: 4-11-78 

Elevation 

r--92. 1 

91. 1 

88.1 

84.6 

80.1 

77.6 

76.6 

7 5. 1 

7 2. l 

De pi h 

0 
Group 
Symbol 

--
1 

CL 

-: --------4 - CH& --CL -= ---
~ ------

7.5 : 
- CH -- wl --

-= CL 
-- \1 --= -
: -----

12 -
- CH : -

-:: -
-

-: 
14.5: 

-
--: 

15.5-

- g -
: 

17 -
: 

~ 
-----

-= --~rJ 20 ·-

Description of Mare rials 

Fill: cinders, brick, clay, tile, etc. 

Fill: siltv claVi dark yellowish brown, 
gray and reddish brown; wet; medium 
plasticity; medium stiff. 

Fill: silty clavi very dark gray and 
dark gray; wet to saturated in seams; 
high and medium plasticity; medium 
stiff. 

Silty Clay: dark yellowish brown with 
iron stains; wet to very wet; high 
plasticity; with medium plasticity 
zones; medium stiff. 

·---······--·· 
Gravelly Clay: 20 to 25% fine to 
medium gravel; dark yellowish brown; 
very wet; ·high plasticity; stiff. 

As above but saturated. 

Limestone: broken and weathered. 

Limestone: light gray; hard. (possible 
Winterset Limestone) 

Sample Slaws 
No. 

1-

12 -

r-L 
__L 

_§_ 

~ 

13 -

~ 
3 
~ 

14 
-
~ 
r-L 

5 -
~ 

1--

~ 

1-

-

1-

Remark a 

W=25. 4 
D=97. 9 

N=8 

W=25. 7 
D=96. 9 

Water Level @'9. 5' 
(Elev. 82. 6') After 
24 Hours 
N=7 

W=27 .1 
D=92. 8 

N=10 



WICHITA TESTING LA BORA TORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials EnCJineers 
Wich.ra Kansas 

Baring Melhad: 6-ln. canlln11aue flight GIIQer Standard Penetration Test Baring N a. 4 
Undisturbed Sail Sampler: :5-in.a.d. thin-walled lube 140-lb.Hammerl30-ln.Fall 12-in.o.d.Splll-barrel Sampler Sheet 2 af 2 

w•Moisture Cantenl, '1'. D•Dry Density, pcf Penetration Reslslanca: N•Biaws ~ter lao! Oate: 4-11-78 
El•vation 

r--72.1 

71. 1 

63.1 

62.1 

Depth Group 
Symbol 20 

21 

29 

30 

=~-: -:-- . - . 
-=· - . 

-r- . 

-= --------
_: 
-
: 
-l"i. 
---·-
-----
-------

...: -----
--

--= --------
-= --------
_: 
--
.-

Description af Materials 

As before. 

Limestone: 
gray. 

sandy and shaley; dark 

Shale: fissile; black; hard. 
fnnc:c:ihl~ ~f-::o .. t-- qh~l~l 

Sample Blows 
No. 

t-· 

1-

-

1-

t-

Remark• 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Chenyvale, Kansas 

Materials EnCJineers 
Wochoto K a.nsas 

B"O~IN G. ·LaG 

Borin q M e 1 h o d · 6 -In. can II n u ou a f II Q h I au Q e r Standard Penetration Test Borino No. 1 

Undisturbed Soil Sampler: J-in.o.d. thin-walled lube 140-lb.Hammerl JO-in.Foll 12-in.o.d.Spllt-borrel Sampler Sheer 1 of 1 

w•Moisrure Contonr,% D•Dry Density, pel Penerrorlon Reslatonce: N•Biows per foot Dote; 4-11-78 

Elevation De pill Group 
Description of Moreriols Sample 61ows Remarks 

-91.7 0 Symbol No. 

Fill: cinders, brick, tile, etc.; loose. --
90.7 1 r - Fi 11: silty clay; dark yellowish brown - CH - mottled with very dark brown and ....: r--- f-- grayish brown; wet; med. plasticity; -- stiff. - 1 W=23. 6 -: -

0=101. 5 -
- Lfi_ 

- ~ N=l3 
- ~ -: 

86.2 5.5 -...; 
....: 
- As above but saturated in seams. -

85.2 ~.5 -
-CH Siltv Clay: very dark gray and dark 

-: grayish brown; wet to saturated in 
f-

Water Level @ 8. 0' 
84.2 ~.5 -

1\eams; high plasticity; medium. stiff to (Elev. 83. 7) After -c? - , stiff. {possible fill) 24 Hours - ... .. __ ... _ ··-· -
82.7 9 - Silty Clay: very dark gray; minor 2 - W=27 .1 -CH organics; saturated; med- plasticity; -

\.medium stiff. (old topsoil zone} 0=94.5 : f_2_ - - Silty Clay: dark yellowish brown; W-- N=7 - saturated; high plasticity; medium 5 -
-: stiff. 
-

....: --
79.2 12.5 -

- As above but some limestone gravel. -: f-
-
: - --- r----

3 W=33. 4 - D=87. 6 
76.2 

-
15. 5 : 

~ 
Limestone: broken and weathered. -- f-

75.2 16 5 -. -

~ 
Limestone: light gray and hard. --- (possible Winterset Limestone) -

73.7 18 -~ . r - I Sha!P.: dad~ c;;:-ay to c;;ray; hare. 

L 
I . 

(possible Stark Shale) ....: 

r -- I -coat ·seum 
71.7 -

. - I I 
- - - .. ...... 

. 

: 

I 

I 
I 
I 

I 
J 
I 

I 

i 

I 
I 
I 

\ 
I 



WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials EnQlneers 
Wichola K CIWSas 

BORING LOG 

8 a r i n Q M 1 I h a d : 6. I n. c on 1 i n u au a t II Q h I a u Q 1 r Srondard Penelrarion Tesl BarlnQ No. 5 
Undi,rurbed Sail Sampler: 3-in.a.d. lhln-walled lube 140-lb.Hommerl 30-ln. Fall 12-in.a.d. Splil-barrel Sampler Sheer 1 of 2 

w•Moisrure Conlenr, ,.., O•Ory Oenslly, pel Penerrarlon Reslsronce: N•Biows par fool Oale:4-11-78 

Elevolion Oeprh Group I 
Symbol Description at Morerials 

t-94.1 0 

90.1 

87.6 

86.1 

82.1 

78.1 

77. 1 

7 5. 1 

- Fill: Cinders. ----
--
: 
-

-: 
: 

4 ~ \7~--------------------------------~ 
-- As above but saturated. 

-= -
: 

-= -
6.5J----~-----------------------------------~ 

8 

12 

~ CL Silty Clay: very dark grayish brown; 
: very wet; low to medium plasticity; 

_-'1----l·.m.edium....s..tiff _________ ··-··--·--··- ............. . -
:CH 

...:. ----= -
: 

-= ---
: 
-
: ---
: -

-: 
: 

-= : 
-

Silty Clay: brownish gray with olive 
yellow and iron staining; very wet; 
medium to high plasticity; medium 
stiff. 

As above but yellowish brown with 
light gray to gray mottling; iron stain; 
10 to 15% coarse sand; stiff. 

. 
16 -= --- As above but with 15 to 25% gravel. 
17 -

:~ Limestone: yellowish brown; weathered 
: medium hard. 

19 ~ -- -;:;;;;-;stone: ~illowi-s h b ,~;;;-~--;; li~ht 
~- qray; hard. 

Sample 6 
No. 

lows Ram arks 

1-

1-

-
Water@ 4. 0' 

~ 
After Drilling. 
(perched in cinders 

~ above silty clay) 

~ 

1-

"I-

1-

~ 

~ 

1-

1-

1-

1--

1-

1-

1-



PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Woe~• Ia K onsos 

s·ORIN G- LOG 

8 a" n 9 t.C • r h a d : 6 -In. can rl n u au • Ill 9 h I au Q • r Standard Penerrarian Tesr Borino No. 5 
Undi"urbed Soil Samplu: 3-in.a.d. lhln-wolled lube 140-lb.Hommerf 30-ln.Foll 12-in.o.d.Splll-borrel Same~ler Sh eel 2 o 1 2 

w•Moislure Conlenl, 'Y.I O•Ory Oenslly, oct Penerrallon Reslsrance: N•Biows per fool Dare: 4-11-78 

Ele•olian 0 I Cll h Group 

~ 74. l 20 Symbol 

-
--

72.6 21.5 
-
: 

71. 1 23 ------
: 

.....: -: 
26 -

-
: 

-:. 
: 

-= ---
-= ---

64.1 30 -
---

-= -----: 
-----------

--= -
-

-= ---
-= -----
-

-

·-

Oesc:rlpllon of t.Corerials 

Limestone: as before. 

Limestone: shaley; medium hard. 

Limestone: hard. 

Calcareous 

Sgmple Blows 
No. 

1-

-

1-

1-

-

-

1-

1-

Remarks 



WICHITA 
--------------------------------r--------------~~~~~--------------~ .PROJECT TESTING LABORATORIES 

Materials Engineers 
Wotl\ota Kansas 

B OR+N G ··LOG 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Bar i n Q M e t 1\ o d : 6- I n. t an I In u o u s Ill Q h I au Q t r Standard Penetration Test 
Boring No. 6 

Undisturbed Soli Sampler: J-in.o.d. lhln-walled lube 140-lb.Hammer_[ JO-In Fall 12-in.o.d. Spill-barrel Sampler Sheet 1 of 2 

w•Moisture Content, Y., D•Ory Oensily, pel 

Ele • arion 

r--94.1 

89.6 

88.1 

85.6 

8 2. l 

80.6 

78.6 

77.6 

74.6 

Penetration Resistance: N•Biows par fool 
Dare:4-l2-78 

0. pi h Group 
SymCol Destrlption of Materials 

0 

------
_:: 

-
-

Fill: cinders and ash with brick· 
and tile rubble; saturated @ 3. 0'; 
loose. 

-:v 
4.5 -

-=cH 
--

6 ~ 
-----. ---

_:: 
-

Silty Clav: very dark gray; traces of 
fine sand; very wet; medium to high 

- plasticity; medium stiff. 

~--------------------------------
As above but olive gray, gray and 
yellowish brown mottled. 

8.5 ----~-----------------------------------------
-CH 
-

-
------

Silty Clay: yellowish brown mottled 
with light gray to gray; very wet; high 
plasticity; medium stiff to stiff. 

12 ~ --- As above with 20 to 25% limestone 
-- gravel; stiff. -

13
. 
5iR ·--.Limestone: yei~o~~~~- b~~:;:~ b~~~~-

: and weathered. (possible Winterset 
-- Limestone) 

15 · 5 ~~ Limestone: light gray; hard. - . ) 
-- (Winterset Limestone 

1 6 
· 

5 ~g A~-~b~ve b~-;-b-~k~n -in p; r~~ -- -----

~~-~ 
~~ 

l9.s-tY 
_t;:J Lrm~s~one: hard. (\Ninterset Limeston~ 

--

... -........ """: 

Samplejslo.,.s 
No. 

1-

1-

~ 

1-

1-

Remarks 

Water@ 3. 9 1 After 
Drilling 
(Perched above 
silty clay} 
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( 

I 
I 
' 
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WICHITA TESTING LABORATORIES 
PROJECT 

Materials Engineers 
Woclloto Kansas 

BORING. LO.G 
Bar in q M • thad: 6 -In. cant in u ou • t II q h t o u q • r 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Standard Penetration Test Borlnq No. 6 

di,turbed Soil Sampler; :5-in.o.d. thin-walled lube 140-lb.Hommerl :50-in.Foll 12-in.a.d. Split-barrel Sampler 
Shu I 2 at 2 

w•Moisture Content, "1. D• Dry Density, pcf Penetration Resl,tance: N•Biows per fool Oore:4-l2-78 

Elevation 0 e pt II Croup 
Description of Materials Sample Blows Remark a 

t-74.1 20 
Symbol 

No. 

-
Limestone: as before. 

- 1-

72.6 21.5 
gray and light gray; sandy; - Shale: 

~ 

- high plasticity; hard. -
(possible Stark Shale) -

1--
---- ~ ---

69.1 25 -
---

_: ------ ----
...: 
- ~ 

---
~ -----= t-------- 1-

: 
....: 
- ~ 

---
1------
~ ----

....: -----------
--

J - ~ 

--

6 01 Figure 7 a Drilled By: VIi 11 i~ rn R Gies~~ 



:;t. 

WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wocho to K Cl n I CIS 

Barinq Mttllad: 6-in. canllnuau1 fiiQIII ouqt r Standard P1netratian Test Barlnq No. 8 
Undisturbed Sail Sampler: :5-in.a.d. thin-walled tube 140-lb.Hammerl :50-ln.Fall 12-in.a.d. Spill-barrel Sampler Sheer 1 of 

1 
'""MGislure Canlenl, .,.., O•Ory Density,. pel Penetration Resistance: N•Biows per foot Oate:4-12-78 

El o • at ian 0 e pill Group 
Description of Materia Is Somplo Blows 

f--92.0 0 Symbol No. 
Remarks 

-- Fill: cinders. --91_0 1 r - CH Fi 11: siltv clav; dark brown mottled I --
-= with dark yelloo:.vish brown and r-- reddish brovm; wet; high plasticity; : 
- stiff. - t-

---
88.0 4 -- CH Fill: siltv clav; gray; yellowish 

1-

- brown and dark gray; very wet; high 
--= plasticity; stiff. r--

-
- r 

---85.0 7 
: CL 

t-
Silty Clay: very dark gray; very wet; -

84.0 8 - medium to high plasticity; medium t-
:CH ' '· stiff. (old toEsoil zone) 
-

Siltv Clay: dark gray; very wet; high 85.0 9 - t-
: CH 1'\lasticity; medium stiff to stiff. --= 1-

Silty Clay: dark yellowish brown; very 

- wet; high plasticity; stiff. -
: 

- r-

-: 1-

7 8. 5 13. s-
:!:rl 78.0 14 - Weathered Lime stone. 

-
--= r-

-
---

-: r-

--- r-

- t-



PROJECT 
WICHITA TESTING LABORATORIES 

Materials Engineers 
Kansas 

BORING LOG 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Borinq Motl>od· 6-ln. eontinuoua fllql>t auqor Standard Penetration Test Borlnq No. 

El•• ation 

st.i-92.0 

91.0 

88.0 

87.0 

85.5 

77.0 
76.5 
76.0 

Oe pth Group 
0 Symbol 

Ooscrlptlon of Moteriols 

Fill: cinders, brick, tile, etc.; 

1 - loose. 
-+----~---------------------------------~ 

4 

5 

--
:CH 

------
--
: CL -

Fill: siltv clav; dark yello~vi.sh brown, 
brown and greyish brown; wet; high 
plasticity; stiff. 

Silty Clav: very dark gray to dark gray 
with some organics; saturated; medium 

!\plasticity; soft to medium stiff. (old 
- CH 1 \ topsoil zone) 

-
6. 5 : -

-
-: 
: 
~ -----
-

--= 
-

-

----------
-: 
-

15 --: t'·""' 

Silty Clay: dark gray; very wet; high 
1'\lasticity; medium stiff. 

As above but dark yellowish brown and 
stiff. 

Sample Slows 
No. 

15 1--

t-

t-

t-

t-

t--

-

~ 

1-

1-

~ 

Saturated. i ~ · 5 :eif .. -+-=w.=.:e=.a:..:th=-e:-..=.:re=-d=:-L-i_m_e_s_t_o_n_e-·.---------·--·-- --·-

---
...: 
---

--

-
-

Remarks 

W=30. 5 
0=90. 6 

9 

I 
i 



Appendix 4 

Slug. Test.Data and Graphs 
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Cherryvale, KS 
8/4/2003 

1. 

0.37 

0 
X f 01 

. Q 
iii 
0:: 
u 
nl 
Q) 

X 

0 

• • 

Hydraulic Conductivity= 2.252e-005 em/sec 
Transmissivity= 0.1483 m2/day 

Project Number 1804-002 
Analysis by Starpoint Software 

Cherl)'llale, KS 

• • 

Time lag 

25/11/2003 

Hvorslev Graph 
MW-5 

Time Lag = 3141 seconds 
Shape Factor= 2.865 
Partial Penetration Case A 
Analysis starts at time 60. seconds 
Analysis ends at time 110. minutes 
25 Measurements analyzed from 1 to 25 

• 
• 

Adjusted Time (hours) 

Ho is 2.51 feet at60. seconds 



Cherryvale, KS 
8/4/2003 

1. 

0 r . 
. :::, 0 1 
!. 
.Q 
iii 
0::: 
'0 
co cu 
:I: 

0 

• • 

Hydraulic ConduCtivity= 1.212e-0.05 em/sec. 
Transmissivity= 9.572e,..02 in2/day 

Project Number 1804""002 
Analysis by Starpoint Software 

Cheri)Yate; KS 

• • • 

Time Lag 

25/111,2003 

Hvorslev Graph 
MW-8 

Time Lag = 2788.seconds 
Shape Factor= 6. 
Parti·al Penetration Case-A 
Analysis starts at time 60. seconds 
Analysis ends at tillle 91. minutes . 
. 2~ Measurements analyzed from 1 to 22 

• 

•• 

• 

Adjusted Time.·(hours) 

Ho is 0:69 feel al 60. seconds 



Appendix s· 

Groundwater Sampling Fielc::l' Data Sheets and Laboratory Analytical 

.Reports 
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FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME:___!~~~~----- PROJECT NO: J8[)L}-f152- 2qj 
SAMPLER NAME:_~;::..;__~=.;.. ____ PERSON PRESENT: _______ _ 

WEATHER· AIR TEMP· 83" ;:::-LAST PRECIPT 
""' J)r.,V>I "tJ4.V 

l..:::::C...>.riCN :ST.>.riCN "'C.I 

/l?W;¢ $ ffl~tf ~ /lltv tT 1 ;U.W Fr 8 ! 
O..>.r:; .>. • ...,.0 -:"IME 'N..>.':"C:::l 

9/2.3 /o3 ~ / '2 J /o 1. r/v_E 1 JJ :.;'( 
I 

13:JO 'lks/~{ 
I 

:..::•1 :;'._ "'e:_, SUR E:l ;;LJO : 
I I 

0..>.-:":;: .>.NO ~IME PURC:C::l ltf!:JJ!o3 ;j;9'~ 'lh,J,7, .'4~30 'f1lnjp]_ ;"-f:os '1ft.Z11J IS":~~ ! 

' I 

O...a.rE .l!.NC T'IME: S~~PL=::: Itt I13/~:J J !o : oo l'fhtlJ~3 1ls,:.3o 'fl_b..Yia3_ ~: yo lfJ/23 //).., 11.:0~ ; 
3..>.MP1..1NC ,...E:"-:"1-<CO I 

~~~ ~- ~~. ; 

($f!dw. ! 
' 

iCP OF' =~SING f;l__::'l. 
! 
i 

OE:;:>TI-4 rO w ... TE:R IQT'NI 

7~/J 7· I I 
If, 2 3.3 I 

i":;:T...l..l.. OEFITH t'TOJ 

11.~ ~'-/,! :2~.35 J~.tJ 
~e::::::UIR:;O PURCE '/Cl..:.JME Cf,s. J L) r ~ ~ I 1 q I 
'ICl..U""E PURCEO 

Tl-IICKN£~S CF" NAP'-'O ...... Pt... YJo,ze ~ ~./ ~ 
SUBST..>.NC!!: ON w..>.rER I 

J.1.r;nt I ~ lttUt ~- I 
S..>.,...Pl..INC TE:!'o'IP. :J2.] I .2.~ ~1 /1,$ I t ?.3 d0,qi;J,8 ~~-~ l;?.t,: 

lt;(~7 1!9J~ I tp, <? I /!,,~ I ?·'1 I;?, 9 I!LJ~SI It,) ! 
S..>.,...Pl..INC P"" ?,t/1./ 11.~~ 7,/p0 I 7.~3 7~ lz.s~ ?,?f !?,~! 
!INS-:"'. N.>.ME: I ?,j ~ 111)" ?-81 17. ~d. 7,Go 12, 72. 'l~tJ 17~S8i 
S.>.MPL..JNG S?:;::. C::NO I ()t.f~ I ¥1Jd- ~ t,&~ I .2. 7tJd J8JO IJ;SO ~,J<J IY'~ID i 
(INS-:". NAME I C1_~0 I 9Je ~B'l t; I 361m .3 ~o I J 1./~ f,)IJ~~ IS" .$-?t'' 

I COL..OR 

~-)~. I d~-'l.AA.L. t.ku -)~ ~~_., WU .. .J~ 
! COOR 

~ 
p " , 

I I 

~ ~s~~r..,. J:,d;- A ,_,./_ 

I SE:OIME!'<T 

A)_,~~ ~ 51~~. I ~ 
!"!': 

! ""'Et..::::l rRe:...>.n.,e::-.'T" 

iJ:&tt.J~_J /1-v/ ,_ _d P~naw/ p~~l I Pq E:S E:~VATI 0 N 
I 

I FIUI'lCINC/S~MPl..JNC Pl.....>.N 

~~ :?' Jh>! ~ I "'NO Fll'lOCE:OU~E:S 
I 

I"'CL..L..OWE:O':" ! 
..,. 

NOTE:-----------------------------------------------------

Volume C31C' .. IIation: 2"- 0.16:3 g3Uft. J" -0.367 gaUft. 4"- 0.65:3 gaUft {{{TO..QTW} x gallftl x 3} • l.S gal =volume to evac. 



\. 

I 

; 
I 
I 

I 
I 
I 

! 

~ .. :c..:. 1:ci'J 
! IYJVP ~ j /\[1 'W~ ! /'v1ll ., I 

N' v { I 

, S -:-. .:, -:-:C.'J ·'!C l I i 

:::: ~'lc 1 :-:c"' c~ 
~ h'ttoc! ; C- Ou J i 

G--11 G J ! G-~J I 
. '\tC:: I I .. ---
,\·;; -:-=:=:. 3·: ~~·:== 

C~fA_/}d c;-rav~) 
: 

G- rO-'"-\ d i G ry~J 
:...:.- 7"= . .:...,~: -:-:,\:= '3 -6 -<!' 3 q.c~o> ~-(- 6"3. <6-6-o> ..... ---. -· -· 
• 1.""'\. =--· -=· .. =~ 

I :ou ' 1:-zt \tE..:..3l_;~== ) ();~(J 12. ~ ) I 
:.~ 7': _..:-,'JC -:-;1\:E : 1-?-6~J:().J, 

q_ ,_ o> ~-6-0} .f-(-o> 
=t..;R·~==· ll. : 3 > :/:02.- ' -,_, ?.~ 
.- ,-- "'C -·,- . ('\"') 

~~-6--')) 
. c; r· lt"'f • f 1.-·~: = ,""""I J . I l~•j= i .. - '·. - ' ) 

'3 31 ).oL.\ I :~f··J·r;5 I 0:)-(q () .> -
5.-!-.\~~~_:::J 

I 
~ -;or/ : 0 J i 

SA~'.t::'-d'lG :\.tE 0 :~cc : ~71ij_ i 
~Cfl~ I' i£~ 

i 

~kr A ~ j 

TC 7 ;..:_ '1'1=:..~ s:.=7:~ tq. ~s- ' :L.6.ol i 'l{lg I 11.6 '3 ~r_,...;"'= 
I 

// i 
·v·--- ---- . .-.. ~ I 

/1.1 > I 1/. 0~ I ~~=0~~:--:~ 4~P ~0 i 10.{) I 

IHCt\:--JES3 0~ fwnl i I I NA?1-'0NA? 1_ ! (/ ""~ ~ 41-e..- J,o~ I 

VOLUM!: 10 I i I {o.g I 3 rc 11.'1... 1'-1. I I =·I AC:.JA 1: I I I 

?t...;MF RA -;-: WHL: I i I i I ~'-'F..GiNG I 

5\.JeSI ANC2 CN 
~ : ft;9 hr 1-)ohe.-. '·J'I~ ~=~ 

; 

J'l """C... I 

S~.\,iF!_:NG :20 7 JCf,5 i 1~- ~ /7.9 ~ 1. '2J':_ 1'1. I Jq. 2 tfr 
T:~JtP:?~.:, 7'UR:: !\q,f ~~~\ I 6 .__:]_ 16.7 ; t_Y,_e_ /7. I I~ t /7.( ' 

SA.viFI_:NG ~....: :7.00 ?._Jj I 

loOO ).'2..~ 17.?...6 7. J_li (If£ (. 46 I 

:7.\D -; 1Gl I '- ~s 7. s 'I I 7. 2.[ 7.2_1{ r.tr (.f/ ; 

s • ~.r• 'NG ----·--·c ~r<"l ~l/0 I 'lo~:>o 1.1100 i '-oao 1..2aO L.~oo 1./ (}0 ,..., ~""- 1 - ::~r-:·-·.- 1 i r'd.O 
CONCUCi"AONC2 ! @ 

0 o/a i'l.q6o / 2c,Oo ; Z..3do '-too 't 2..~0 "Z.'-/00 ' 
CCLCR 

i~dcvd-4 i C.l~r~~ll!j i cle""r -7"'-·--J~ c(e"-r ~k.. ..... l'i 
I 

I ! 
OCCR I No~ e..-

.J I /\lo ~ t 
/ 

is~Jt-y 
I / I 

h 0 ~e._., 
I 

I ! 

S2JIMENi' 
IMJiv~ I LvJ'(.,d ;v....., 0 )~ I ~),~ L.., ~h,flol'-l i I I~ 'JI.j..,_, 

~=:c::..!J TR~A. TME~I I (J tt/ttJt~. I P r-t. p r-e..t;.( rv e. ) It~~ I 
:.J }I 

FR~SC:~VA TICN flre.JJ~* I 
?URGiNGiSA,\IP'-!NG j 
?L.:..N ~ I ~es i !r-:f I !rj I 

v 
- ..... 

VOL.:.JPotE: CI.L.=:.J~7':C,.: z··- C).-1 .. 6.3 c;_I../FT, .3" - 0.367 C.A.L..'F7'. 4.•- 0.65.:3 C_,.i..lF7' 

{CCi"NQ-wOl X C.A.I../FT! X 3} + 3. 5 C""l... = IIOI..UME: TO =:".a.C, 

ONe: S.O.I~~ = 0 0 2 4. C.A.L... --------------------

I 

I 

I 
I 



I 

'-

FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME: _ _,L=-· ~l \=e ,"-L.· r"~t )~\..:...:.i~ ..... \ e._,./<....-L...K.:::...S...._ ___ _ PROJECT NO: ; 5 c L!-cc-=< 
' 

SAM PLEA NAME :_--JC._.· -w.· c;.;..;:· . ...J:....:.',~V\;,......___,' J'-..;cr.::...;_:__IA-1~r-~""---

WEATHER: (\r.,.,t,( ..... , -AIR TEM P:~'£ ....... 0"---'-i-_ LAST PRECIPT. __ "2......;Lk,:...:!.·,_,_~..._. ___ _ 

L.OCATION !STATION NO.I 

M ~LJ-L-1 f-·1 Lll- t:; Ml'l-:11 JVfW-7 
DATE AND TIME WATER 

111,,4-,l'7 JIJ,,~/c3 1:2.'S"' ulc...lr--:.... Y _;,s ,, !t.-.:i- 3 :, . 3~ L.EVEL. MEASURED ~:I< 
'/ I I I ·; r '( -, 

DATE AND TIME F'URGED 

DATE AND TIME SAMF'L.ED 

SAMF'L.ING METHOD 

TOF' OF" CASING EL.EV. 

DEF'TH TO WATER IDTWl 

Lf,£1/' 3.~~1 ID,Cf.2' ~.~~/ 
TOTAL. DEF'TH ITOl 

RE~UIRED F'URGE VDL.UME 

VOL.UME F'URGED 

THICKNESS OF" NAPL/ONAPL. 

SUBSTANCE ON WATER 

SAMF'I..ING TEMF'. 

SAMF'L.ING F'H 

IINST. NAME l 

SAMF'I..ING SF'EC. COND 

IINST. NAME I 

COL.OR 

ODOR 

SEDIMENT 

F"IEI..D TREATMENT 
PRESERVATION 

F'URGING/SAMF'L.ING F'I..AN 
AND PROCEDURES 
F"OL.L.OWED? 

OTHER 

NOTE:-------------------------------------------------------------------
Volume calculation: 2"- 0.163 gaUft. 3"- 0.367 gal/ft. 4"- 0.653 gal/ft {[(TD-DTW) x gaUft) x 3} + 3.5 gal =volume to evac. 



I. 

FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME:_.....:L.===, ...:...1\~e..!..Jr fw.'j-1-l\.w..::::c..=lc:~· 
7
,._. --lK~S~--- PROJECT NO: ( 5 c LJ-oo-=<. 

SAM P LE R NAME :_.....:6 ...... · -::..c... o.!..::J~\..:..11\.l..--~' J~c:..;_' .:....IA'I~r_:>..L..- PERSON PRESENT: 

WEATHER: ( lDv r\1 AIR TEMP: .Cc.-' 1-:::: LAST PRECIPT. __ -.:2.,..:.Lk':..l!..v...:..? "'-. ___ _ 

LOCATION !STATION NO.I 

t;\ \V -I ~~HiJ- ).S 'fv\ w- :iO l""t LU -~ 
DATE AND TIME WATER 

llf,a,f n il /,:...it.:; ,,J,Jr:~ II j,,j;;; 3"~ q LEVEL MEASURED _yet'"'"' ~- r.:r.,-., l'C'ct 
I I I I I I ' 

DATE AND TIME PURGED 

DATE AND TIME SAMPLED 

SAMPLING METHOD 

TOP OF CASING ELEV. 

DEPTH TO WATER IDTWJ 

4.11-/' £1,5S' /0./3; 3.2'3>' 
TOTAL DEPTH ITCI 

RE~UIRED PURGE VOLUME 

VOLUME PURGED 

THICKNESS OF NAPL/CNAPL 

SUBSTANCE ON WATER 

SAMPLING TEMP. 

SAMPLING PH 

IINST. NAME J 

SAMPLING SPEC. COND 

IINST. NAME J 

COLOR 

ODOR 

SEDIMENT 

FIELD TREATMENT 
PRESERVATION 

PURGING/SAMPLING PLAN 
AND PROCEDURES 
FOLLOWED? 

OTHER 

NOTE:------------------------------------------------------------------------
Volume calculation: 2"- 0.163 gaUft, 3"- 0.367 gaVft. 4"- 0.653 gaVft {[(TD-OTW) x gallft] x 3} + 3.5 gal= volume to evac. 



FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME: Cl\id'"J ·v~\t/ /( ~ PROJECT NO: /S 0'-/-Q(\ )._ 

SAMPLER NAME: b r;., v ''"' .) C\ 1/Y\f ~ PERSON PRESENT:.--.:::0::::...--..::::E::;,:,f"..,!.,f--l<;t..·~s.,.:..."-==-v.:._/_ 

WEATHER: (Itt" .. ~~ AIR TEMP: )i; ~ F LAST PRECIPT. __ _,__,>~£~~ ::....V-=>~---

LOCATION !STATION NO.I 

/';\ l'i;- ~. T1v-_~ /~V-~ Ttv-cr 
DATE AND TIME WATER 

11 h~lc~ ,,/,<~,/~--; JJ1s/L "3 /1/Jr.t),J::, LEVEL MEASURED ?:'34 '"i~:::... ?f'i'5 .,.,. ~[, 
I 

, I. I I I I 

DATE AND TIME PURGED 

DATE AND TIME SAMPLED 

SAMPLING METHOD 

TOP OF" CASING ELEV. 

DEPTH TO WATER IDTWI 

3:{5 1 (s; '5'5" I 6. )..5" I cg.ocr_' 
TOTAL DEPTH ITOI 

REQUIRED PURGE VOLUME 

VOLUME PURGED 

THICKNESS OF" NAPL./ONAPL 

SUBSTANCE ON WATER 

SAMPLING TEMP. 

SAMPLING PH 

IINST. NAME I 

SAMPLING SPEC. COND 

IINST. NAME ) 

COLOR 

ODOR 

SEDIMENT 

F"IELD TREATMENT 
PRESERVATION 

PURGING/SAMPLING PLAN 
AND PROCEDURES 
F"OLLOWED? 

OTHER 

NOTE:---------------------------------------------------------------------
Volume calculation: 2"- 0.163 gaVft. 3"- 0.367 galfft. 4"- 0.653 gal/ft {[(TD-DTW) x gallft] x 3} + 3.5 gal =volume to evac. 
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6825 E 38th Street 

Tulsa OK 74145 

(9 1 8)828-9977 

lrfan Taner 
A & M Engineering 
10010 E. 16th St 
Tulsa. OK 74128-4813 
TEL: (918)665-6574 
FAX ( ) 665-6576 

RE: CherTyvale 

Dear lrfan Taner: 

SHERRYL.aboratories 
Testing Today- Protecting Tomorrow • 

August 13. 2003 
Order No.: T03080064 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 6 samples on 8/7/2003 for the analyses presented in the following 
report. 

ln accordance with your instmctions. Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted. all analysis was conducted using EPA approved 
methodologies. All relevant sampling information is on the attached chain-of-custody form. 
The initials SUB as the analyst designate any testing sub-contracted by SLO. 

Certifications/ Accreditation: OK - 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited parameters is available upon request. 

If you have any questions regarding these tests results, please feel free to call. 

Sincerely. 

Tom Gilroy 



PARAMETERS 

Arsenic. 
Cadmium 
Chromium 
Lead 
Silver -

Mercury 

Approved by: 

SHERRYLaboratories 
resnn9 f<)rt<~y - Prmecong romorr(JW 

QA/QC,REPORT 
A.& M Engineering 

· SAMPLE;# T03080064 
BATCHQC 

MS 
LFB %.REC. 

.. 

101 98 
105 103 
1.04: 103 . 

1.02. .. 104 
102 lOl 
110 100 

SHERRY LAB ORA TORIES/OKLAHOMA 

~Duzan 
Laboratory Director 

MSD 
%REC. .ReD 

98 0,01 
' 

104 0.8 
104 L2 
105 0.4 
102 i.O 
102 1.5 
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6825 E 38th Street 

Tulsa OK 74145 

(9 1 8)828-9977 

CLIENT: 

SHERRYL.aboratories 
Testing Today- Protecting Tomorrow~ 

Fax: (91 B)B28-i756 

(800)324-5757 

Lab Order: 

Project: 

A & M Engineering 

T03080064 

Cherryvale 

Date Received: 817/2003 

Date Reported: I 3-A ug-03 

Lab 10: T03080064-0t 

Matrix: AQUEOUS 

Collection Date: 8/6/2003 3:31:00 PM Sample 10: MW #5 

Detection 
An:tlyses Result Limit Units 

MERCURY IN WATER, TOTAL. E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Lab 10: T03080064-02 Collection Date: 8/6/2003 3:47:00 PM Sample 10: MW #8 

Matrix: AQUEOUS 
Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < U.00200 0.00200 mg/L 

Lab 10: T03080064-03 Collection Date: 8/6/2003 3:57:00 PM Sample 10: MW #7 

Matrix: AQUEOUS 

Analvses 

MERCURY IN WATER, TOTAL 
Mercury 

METALS IN WATER BY ICP, TOTAL 
Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

< 0.000100 

< 0.00500 

< 0.00100 

< 0.0100 

< 0.00500 

< 0.00200 

E245.2 

E200.7 

Detection 
Limit 

0.000100 

0.0050C 

0.00100 

0.0100 

0.00500 

0.00200 

Page I of2 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Date 
Analvzed AnaiHt 

KR 
8/7/2003 

KR 
8/8/2003 11 :27:52 

8/8/2003 11:27:52 

8/8/2003 11:27:52 

8/8/2003 11 :27:52 

8/8/2003 11 :27:52 

Date 
Analvzed Analvst 

KR 
8/7/2003 

KR 
8/8/2003 12:01:55 

8/8/2003 12:01:55 

8/8/2003 12:01 :55 

8/8/2003 12:01:55 

8/8/200312:01:55 

Date 
Analvzed Analvst 

KR 
8/7/2003 

KR 
8/8/2003 12:06:50 

8/8/2003 12:06:50 

8/8/2003 12:06:50 

8/8/2003 12:06:50 

8/8/2003 12:06:50 

This document sh:1ll not be reproduced, except in full, without the wrillen approval of Sherry l:lbor:llories, Inc. 



6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03080064 

Cherryvale 

SHERRYL.aboratories 
Testing TOday -Protecting Tomorrow • 

Date Received: 8/7/'2003 

Date Reported: I 3-A ug-03 

Fax: (918)828-i756 

(800)324-5757 

Lab ID: Tll3080064-04 Collection Date: 8/6/2003 4:05:00 PM Sample ID: MW #6 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 8/7/2003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 8/8/2003 12:11:46 

Cadmium < 0.00100 0.00100 mg/L 8/8/2003 12: 11 :46 

Chromium < 0.0100 0.0100 mg/L 8/8/2003 12:11 :46 

Lead < 0.00500 0.00500 mg/L 8/8/2003 12:11 :46 

Silver < 0.00200 0.00200 mg/L 8/8/2003 12:11 :46 

Lab ID: T03080064-05 Collection Date: 8/6/2003 Sample ID: Duplicate 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 8/7/2003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
f.rsenic < 0.00500 0.00500 mg/L 8/8/2003 12:16:43 

Cadmium < 0.00100 0.00100 mg/L 8/8/2003 12:16:43 

Chromium < 0.0100 0.0100 mg/L 8/8/2003 12:16:43 

Lead < 0.00500 0.00500 mg/L 8/8/2003 12:16:43 
Silver < 0.00200 0.00200 mg/L 8/8/200312:1f?:43 

Lab ID: T03080064-06 Collection Date: 8/612003 Sample ID: Equip. Blank 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 8/7/2003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 8/8/2003 12:21:40 
Cadmium < 0.00100 0.00100 mg/L 8/8/2003 12:21 :40 
Chromium < 0.0100 0.0100 mg/L 8/8/2003 12:21 :40 
Lead < 0.00500 0.00500 mg/L 8/8/2003 12:21:40 
Silver < 0.00200 0.00200 mg/L 8/8/2003 12:21:40 

Page 2 ofl 

This document shall not be reprotlucetl. except in full, without the wrirten approval of Sherry Laboratories, Inc. 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Altay Ertugrul 
A & M Engineering 
10010 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Altay Ertugrul: 

SHERRYLaboratories 
Tesong Today -Protecting Tomorrow • 

September 29. 2003 
Order No.: T030903ll 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 6 samples on 9/24/2003 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. All relevant sampling information is on the attached chain-of-custody form. 
The initials SUB as the analyst designate any testing sub-contracted by SLO. 

Certifications/ Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited parameters is available upon request. 

If you have any questions regarding these tests results, please feel free to call. 

Sincerely. 

Brian Duzan. Director 
Environmental Services 



6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engin~ering 

T03090311 

Cherryvale 

SHERRYL.aboratories 
Tesong Today - Protecong Tomorrow • 

Date Received: 9/24/2003 

Date Reported: 29-Sep-03 

Fax: (918)828-7756 

(800)324-5757 

Lab II): T03090311-0I Collection Date: 9/23/2003 4:00:00 PM Sample ID: MW 5 

Matrix: AQUEOUS 
Detection 

Analyses Result Limit Units 

MERCURY IN WATER, TOTAL E245.l 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Lab ID: T03090311-02 

Matrix: AQUEOUS 

Collection Date: 9/23/2003 4:30:00 PM Sample ID: MW 6 

Detection 
Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Silver < 0.00200 0.00200 mg/L 

Page I of 3 

Date 
Analvzed Analvst 

KR 
9/2412003 

KR 
9/26/2003 1:59:31 

9/26/2003 1:59:31 

9/26/2003 1:59:31 

9/26/2003 1 :59:31 

9/26/2003 1 :59:31 

Date 
Analyzed Analvst 

KR 
9/24/2003 

KR 
9/26/2003 2:09:16 

9/26/2003 11 :24 0 

9/26/2003 2:09:16 

9/26/2003 11 :24:0 

9/26/2003 2:09:16 

9/26/2003 11 :2~:0 

9/26/2003 2:09:16 

9/26/2003 11 :24:0 

9/26/2003 2:09:16 

9/26/2003 11 :24:0 

This llocumcnl shall no! be reprolluccll, euepl in full, wi!hourrhe wril!en approval ur Sherry Labura!orics, hi(. 



6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

SHERRYL.aboratories 
Testrng Today- Protecang Tomorrow • 

Fax (918)828-7756 

(800)324-5757 

Lab Order: 

Project: 

A & M Engineering 

TOJ0903 II 

Cherryvale 

Date Received: 9/24/2003 

Date Reported: 29-Sep-03 

Lab ID: T03090311-03 Collection Date: 9/23/2003 4:40:00 PM Sample ID: MW 7 

Matrix: AQUEOUS 
Detection Date 

Analvscs Result Limit Units Analvzed Am1lvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 9/24/2003 

METALS IN WATER BY JCP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 9/26/2003 2:18:55 
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 2:18:55 
Chromium < 0.0100 0.0100 mg/L 912612003 2:18:55 

Lead < 0.00500 0.00500 mg/L 9/26/2003 2:18:55 

Silver < 0.00200 0.00200 mg/L 9/26/2003 2:18:55 

Lab ID: T03090311-04 Collection Date: 9/23/2003 4:50:00 PM Sample ID: MW 8 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 912412003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 9/26/2003 2:48:09 

Cadmium < 0.00100 0.00100 mg/L 912612003 2:48:09 
Chromium < 0.0100 0.0100 mg/L 9/26/2003 2:48:09 
Lead < 0.00500 0.00500 mg/L 9/26/2003 2:48:09 
Silver < 0.00200 0.00200 mg/L 9/26/2003 2:48:09 

Lab ID: T030903tl-OS Collection Date: 9/23/2003 Sample ID: Duplicate 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 9/24/2003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 9/26/2003 2:53:28 
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 2:53:28 
Chromium < 0.0100 0.0100 mg/L 9/26/2003 2:53:28 
Lead < 0.00500 0.00500 mg/L 9/26/2003 2:53:28 
Silver < 0.00200 0.00200 mg/L 9/26/2003 2:53:28 

Page 1 of 3 

This document shall not be reproduced. except in run, without the written approval or Sherry labor:unries. Inc. 
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6825 E'38th Street 

Tulsa OK 74145 

(918)828;9977 

CLIENT:. 

Lab Order: 

Project: 

A & M Engint:ering 

T030903:11 

Cherryvale 

SHERRYLaboratories 
testir:Jg Todcly- Prmecting ToinorrtiiN • 

Date Received: 9/~4i2003 

Pate Reported: l<Jcc'lep-03 

Fax> (918)8:28-7756: 

(800)324-5757 

Lab 10: T0.309tl311-06, Collection .Date: 9/23/2003 Sample 10: Equipment Blank. 

Matrix: AQUEOUS 

Analvses 

MERc:uiW IN WATER, TOTAL 
Mercury 

METALS IN WATER BY ICP,.TOTAL 
Arsenic 

Cadmium. 

Chromium 

Lead 

Silver 

< 0:00500 

< 0.00100 

< o:o1oo 

< 0:00500 

< 0:00200 

Det_ection 
Limit 

E245.2 
o:oqo1oo 

E200.7' 
·o.oo5oo 

0.00100 

0.0100 

0.00500 

0.00200 

Puge:Jof 3 

Date 
Units An;]lvzcd Analvst 

KR, 
mgJL 9/24/2003 

KR 
mgil. 9/26/2003:2:59:14 

mg/L 9/26/2003.2:59:14 

mg/L 9/26/2003 ·2:59: 14 

mg/L 9/26/2003 :2:59:14 

ri'lg/L 9/26/2003.2:59:14 

'i:"his'ilc:icuinent shall not tie rejlroduced. e~cepl in full, without the ~riuen approvi1l: of Sherry ·Labor:uories. Inc. 



Sherry Laboratories Date: 29-Sep-03 
--- --- -- ---- - -- -- - ------ --- -

CLIENT: A & M Engineering QC SUMMARY REPORT 
Work Order: T03090311 

Project: Cherryvale 

TestCode Analyte BatchiD QCType Result PQL Units 'YoRec %RPD 

HG_WW Mercury R15859 MBLK < 0.00010 0.0001 mg/L 

Mercury R15859 LCS 0.001035 0.0001 mg/L 103 

Mercury R15859 MS 0.000937 0.0001 mg/L 93.7 

Mercury R15859 MS 0.001032 0.0001 mg/L 103 

Mercury R15859 MSD 0.000971 0.0001 mg/L 97.1 3.56 

Mercury R15859 MSD 0.001003 0.0001 mg/L 100 2.85 

met_ww_icpt Arsenic R15904 mblk < 0.0050 0.005 mg/L 

Cadmium R15904 mblk < 0.0010 0.001 mg/L 

Chromium R15904 mblk < 0.010 0.01 mg/L 

Lead R15904 mblk < 0.0050 0.005 mg/L 

Silver R15904 mblk < 0.0020 0.002 mg/L 

Arsenic R15904 lcs 2.017 0.005 mg/L 101 

Cadmium R15904 lcs 1.995 0.001 mg/L 99.7 

Chromium R15904 lcs 1.977 0.01 mg/L 98.8 

Lead R15904 lcs 1.964 0.005 mg/L 98.2 

Silver R15904 lcs 0.2031 0.002 mg/L 102 

Arsenic R15904 ms 1.988 0.005 mg/L 99.4 

Cadmium R15904 ms 1.99 0.001 mg/L 99.5 

Chromium R15904 ms 2.008 0.01 mg/L 100 

Lead R15904 ms 2.105 0.005 mg/L 105 

Silver R15904 ms 0.1993 0.002 mg/L 99.7 

Arsenic R15904 msd 1.971 0.005 mg/L 98.6 0.824 

( Cadmium R15904 msd 1.985 0.001 mg/L 99.2 0.279 

Chromium R15904 msd 2.004 0.01 mg/L 100 0.192 

Lead R15904 msd 2.093 0.005 mg/L 105 0.589 

Silver R15904 msd 0.2007 0.002 mg/L 100 0.67 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Altay Ertugrul 
A & M Engineering 
l0010E.16thSt. 

Tulsa, OK 74128-4813 
TEL: (918) 665-6574 
FA.-"'< ( ) 665-6576 

RE: Cherryvale 

Dear Altay Ertugrul: 

SHERRYLaboratories 
Tesong Todcly- Protecong Tomorrow • 

October 29, 2003 
Order No.: T03100263 

Sherry Laboratories received 5 samples on 10/21/2003 for the analyses presented in the 
following report 

Fax: (918)828-7756 

(800)324-5757 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. Test reports meet all the NELAC requirements. All relevant sampling 
infonnation is on the attached chain-of-custody fonn. The initials SUB as the analyst designate 
any testing sub-contracted by SLO. 

Certifications/ Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited parameters is available upon request. If you have any questions 
regarding these tests results, please feel free to call. 

Sincerely, 

an Duzan, Director 
Environmental Services 



6625 E 36th Street 

Tulsa OK 74145 

(916)626·9977 

CLIENT: 

SHERRYL.aboratories 
Testing Today- Protecnng Tomorrow • Fax: (916)626-7756 

(600)324-5757 

Lab Order: 

Project: 

A & M Engineering 

T03100263 

Cherryvale 

Date Received: 10/21/2003 

Date Reported: 29-0ct-03 

Lab ID: T03100263-01 

Matrix: AQUEOUS 

Collection Date: 10/20/2003 3:45:00 P Sample ID: MW #5 

Detection 
Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 
Cadmium < 0.00100 0.00100 mg/L 
Chromium < 0.0100 0.0100 mg/L 
Lead < 0.00500 0.00500 mg/L 
Silver < 0.00200 0.00200 mg/L 

Lab ID: T03100263-02 Collection Date: 10/20/2003 4:15:00 P Sample ID: MW #6 

Matrix: AQUEOUS 
Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 
Cadmium < 0.00100 0.00100 mg/L 
Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 
Silver < 0.00200 0.00200 mg/L 

Lab ID: T03100263-03 Collection Date: 10/20/2003 4:05:00 P Sample ID: MW #7 

Matrix: AQUEOUS 
Detection 

Analvses Result Limit 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 
Cadmium < 0.00100 0.00100 mg/L 
Chromium < 0.0100 0.0100 mg/L 
Lead < 0.00500 0.00500 mg/L 
Silver < 0.00200 0.00200 mg/L 

Page 1 of2 

Date 
Anal\'zed Analvst 

KR 
10/21/2003 

KR 
10/23/2003 3:55:5 

10/23/2003 3:55:5 

10/23/2003 3:55:5 

10/23/2003 3:55:5 

10/23/2003 3:55:5 

Date 
Analvzed Analvst 
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Analvzed Analvst 
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6825 E 38th Street 

Tulsa OK 74145 

SHERRYLaboratories 
Testing Today- Protecting Tomorrow• 

/~\ (918)828-9977 

L 
Fax: (918)828-7756 

(800)324-5757 

G 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

103100263 

Cherryvale 

Date Received: 10/21/2003 

Date Reported: 29-0ct-03 

Lab 10: T03100263-04 Collection Date: 10/20/2003 3:55:00 P Sample 10: MW #8 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 1012112003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 1012312003 4:10:4 

Cadmium < 0.00100 0.00100 mg/L 1012312003 4:10:4 

Chromium < 0.0100 0.0100 mg/L 1012312003 4:10:4 

Lead < 0.00500 0.00500 mg/L 10/2312003 4:10:4 

Silver < 0.00200 0.00200 mg/L 10/23/2003 4:10:4 

Lab 10: T03100263-0S Collection Date: 10/20/2003 Sample 10: Duplicate 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 1012112003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 1012312003 4:14:4 

Cadmium < 0.00100 0.00100 mg/L 1012312003 4:14:4 

Chromium < 0.0100 0.0100 mg/L 1012312003 4:14:4 

Lead < 0.00500 0.00500 mg/L 1012312003 4:14:4 

Silver < 0.00200 0.00200 mg/L 10123/2003 4:14:4 

Page 1 of1 

This document shall not be reproduced, ucepl in full, without the written approval 'or Sherry Laboratories, Inc. 



Sherry Laboratories Date: 29-0ct-03 
- -·-- ··--------- --- -------------.--~ --. -----------·- ·-·- --- - . - -- --------- --------- ---------- .... ---. . ---------- ----------------- - ---------- -----. ---------------- -~-------

CLIENT: A & M Engineering QC SU~IMARY REPORT 
Work Order: T03100263 

Project: Cherryvale 

I est Code Analyte BatchiD QCType Result PQL Units %Rec %RPD \___ 

HG_WW Mercury R16222 MBLK < 0.00010 0.0001 mg/L 

Mercury R16222 LCS 0.001019 0.0001 mg/L 102 
Mercury R16222 MS 0.000935 0.0001 mg/L 93.5 
Mercury R16222 MSD 0.000966 0.0001 mg/L 96.6 3.26 

met_ww_icpt Arsenic 1628 mblk < 0.0050 0.005 mg/L 

Cadmium 1628 mblk < 0.0010 0.001 mg/L 

Chromium 1628 mblk < 0.010 0.01 mgiL 

Lead 1628 mblk < 0.0050 0.005 mg/L 

Silver 1628 mblk < 0.0020 0.002 mg/L 

Arsenic 1628 lcs 2.016 0.005 mg/L 101 

Cadmium 1628 lcs 2.03 0.001 mg/L 101 

Chromium 1628 lcs 2.027 0.01 mg/L 101 

Lead 1628 lcs 2.015 0.005 mg/L 101 

Silver 1628 lcs 0.2011 0.002 mg/L 101 

Arsenic 1628 ms 2.023 0.005 mg/L 101 
Cadmium 1628 ms 2.052 0.001 mg/L 103 

Chromium 1628 ms 2.032 0.01 mg/L 102 

Lead 1628 ms 2.069 0.005 mg/L 103 

Silver 1628 ms 0.2041 0.002 mg/L 102 

Arsenic 1628 msd 2.025 0.005 mg/L 101 0.0829 

Cadmium 1628 msd 2.052 0.001 mg/L 103 0.0301 

Chromium 1628 msd 2.028 0.01 mg/L 101 0.169 

c Lead 1628 msd 2.071 0.005 mg/L 104 0.0795 

Silver 1628 msd 0.2041 0.002 mg/L 102 0.0199 
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Introduction: 

The pl.ltpose of thi~ report is for the presentation of the sediment and surface water 
sarhpli11g and the .Environmental Protection Agency (EPA) :Repository Sampling Data. 
This report is. divided into two sections~ Sedic>n I will cover .the sediment and surface 
water sampling. Secti<:m II will· de(ll with the EPA Repository area soil sampling. Ali 
sampling, events were conducted .accordi-ng to the •sampling and amended sampling plan 
outlined in the National Zinc Site (Site} Consent AIP"eement. 

1 



I. Sediment and Surface Water Sampling 

Background Information: 

A & M Engineering and Environmental Services, Inc. (A & M Engineering) of Tulsa 
Oklahoma conducted sediment and surface water testing on June 24, 25 and 26 of 2003. 
The purpose of the sampling event was to collect and analyze surface water and sediment 
samples as spelled out in the plan. 

Sediment samples and background sediment sample locations are shown on Figure 1. 
Water samples and background water sample locations are shown in Figure 2. 

The parameters analyzed for sediments were Lead, Cadmium, Arsenic, Chromium, Zinc, 
Mercury and pH. The sampling events were broken up into 2 categories: Unnamed 
Creek and Drum Creek. The sediment sampling parameters for Unnamed Creek are 
summarized in Table 1. The parameters analyzed for Drum Creek are summarized in 
Table 2. 

The parameters analyzed for surface water samples were Hardness, Mercury, Arsenic, 
Cadmium, Chromium, Lead, Zinc and Suspended Solids. The sampling event covered 
two areas: Unnamed Creek and Drum Creek. The analytical parameters for Unnamed 
Creek are summarized in Table 3. The analytical parameters for Drum Creek are 
summarized in Table 4. 

Figures 3A-3D present the four analyzed parameters, Cadmium, Zinc, Arsenic, and Lead 
plotted on the map for overlay references. These figures are included as Appendix A. 
Appendix B includes the Sediment and Surface Water Analytical Data for both Unnamed 
and Drum Creeks. Table 5 quantifies the sediment amounts between measuring points in 
Unnamed Creek and the total amount of sedimentation in Unnamed Creek. 

Appendix C presents the Sediment Sample Descriptions and Site Photos for sample 
locations along Unnamed Creek and Drum Creek. 

2 
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Table 1 

Sediment Samples from Unnamed Creek near the National Zinc Site - Cherryvale, Kansas 

Mercury Arsenic Cadmium Chromium Lead Zinc 
Sample (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) pH 
S-1 0.059 21.20 20.60 11.20 163.00 1470.0 6.90 
S-2 0.070 41.50 32.50 11.30 233.00 2150.0 6.81 
S-3 0.086 15.80 44.80 11.00 189.00 3290.0 7.45 
S-4 0.240 40.30 51.60 12.80 546.00 11900.0 7.22 
S-22 0.098 23.20 333.00 17.40 606.00 14600.0 7.67 
S-5 0.560 37.80 704.00 19.00 1190.00 16500.0 7.47 
S-6 0.170 5.94 68.70 7.68 238.00 2850.0 7.45 
S-19 0.046 18.00 511.00 15.60 368.00 32900.0 7.70 
S-18 0.088 58.10 177.00 9.49 192.00 3600.0 7.38 
S-9 0.160 15.20 79.30 13.20 145.00 2170.0 7.48 
S-8 0.064 0.92 23.50 6.96 9.42 1010.0 7.38 
S-7-01 0.130 30.70 430.00 14.00 473.00 10300.0 7.43 

S20-BG1 
S21-BG2 

0.089 
<0.025 

6.97 
11.90 

3.98 
8.94 

14.10 
25.40· 

22.40 
70.30 

131.0 
59.6 

7.79 
7.83 

' \ u 



Table 2 

Sediment Samples from Drum Creek near the National Zinc Site - Cherryvale, Kansas 

Mercury Arsenic · Cadmium Chromium Lead Zinc 
Sample (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) pH 
S-15-08 0.038 2.30 1.80 8.68 8.87 49.9 7.46 
S-14-07 0.052 1.81 1.70 8.20 16.00 81.2 7.06 
S-14-06 0.180 3.17 2.55 9.70 24.50 94.6 7.17 
S-10-02 0.086 7.16 4.63 13.90 20.60 78.8 6.40 
S-11-03 0.099 11.40 90.40 11.70 144.00 3680.0 7.16 
S-12-04 0.120 13.90 73.00 13.50 223.00 5950.0 7.50 
S-13-05 0.100 8.84 71.10 18.60 109.00 1520.0 7.36 
S-16-09 0.046 1.66 1.77 8.86 10.10 49.6 7.22 
S-17-010 0.051 18.50 14.30 11.60 48.20 517.0 7.03 

S20-BG1 
S21-BG2 

0.089 
<0.025 

6.97 
11.90 

3.98 
8.94 

14.10 
25.40 

22.40 
70.30 

131.0 
59.6 

7.79 
7.83 

(',, 



Table 3 

Water Samples from Unnamed Creek near the National Zinc Site - Cherryvale, Kansas 

Sample 
W-1 
W-2 
W-17 
W-3 
W-16 
W-6 
W-5 
W-4-01 

Suspended 
Hardness Mercury Arsenic Cadmium Chromium Lead Solids 

(mg/LL_ (mg/bl_ (mg_&L {mg_&) ___ (mg/L) ___ {!D_g/L) Zinc (mg/L) (mg/L) 
1600 <0.000100 <0.00500 0.039 <0.0100 <0.00500 1.6300 10 
910 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.7910 <5.00 
470 0.0002 <0.00500 0.498 0.0365 0.585 35.9000 3780 
280 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.6950 7 
320 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.2860 18 
300 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.3540 <5.00 
310 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.2240 <5.00 
240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.0322 10 
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Table 4 

Water Samples from Drum Creek near the National Zinc Site - Cherryvale, Kansas 

Suspended 
Hardness Mercury Arsenic Cadmium Chromium Lead Solids 

Sample (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) Zinc (mg/L) (mg/L) 
W-13-08 220 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 79 
W-12-07 250 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 <5.00 
W-11-06 230 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 16 
W-7-02 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 7 
W-8-03 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 33 
W-9-04 230 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.1320 58 
W-10-05 240 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.0544 130 
W-14-09 250 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 <0.0100 60 
W-15-010 220 <0.000100 <0.00500 <0.00100 <0.0100 <0.00500 0.0204 189 
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Table 5 

Unnamed Creek 
Sediment Quantification 

Station Width feet Len th feet Cubic Feet Cubic Yards 
1 14 250 1166.667 43.210 
2 8 250 1000.000 37.037 
3 14 250 3500.000 129.630 
4 11 250 916.667 33.951 
5 11 250 2291.667 84.876 
6 6 250 1000.000 37.037 
7 12 250 500.000 18.519 
8 27 250 3375.000 125.000 
9 14 250 2916.667 108.025 

10 27 250 1125.000 41.667 
11 40 250 5000.000 185.185 
12 16 250 1000.000 37.037 
13 20 250 1666.667 61.728 
14 27 250 2250.000 83.333 
15 27 250 3375.000 125.000 
16 27 250 1125.000 41.667 
17 19 250 6333.333 234.568 
18 21 250 2625.000 97.222 
19 19 250 3166.667 117.284 
20 19 250 6333.333 234.568 
21 16 250 . 5333.333 197.531 
22 16 250 10000.000 370.370 

Totals 411 5500 66000.000 2444.442 



\ 

) II. EPA Repository Sampling 

Background Information: 

The EPA Repository area is the area where EPA placed the excavated contaminated soil 
from the residential areas. The purpose of sampling the EPA Repository area was to 
determine if the concentration levels in the repository area exceeded the non-residential 
area Risk-Based Standards for Kansas (RSK) and assess the need for placing a cap over 
this entire area. The collection and handling of the repository soil samples were 
conducted in accordance with the pre-approved and amended sampling plans of Kansas 
Department of Health and Environment (K.DHE). 

On May 15 and May 28, · 2003 A & M Engineering collected soil samples on the EPA 
repository area. The samples were collected according to the grid map, see Figure 4. 
The samples were composited according to the sampling and amended sampling plan, 
and analyzed by Sherry Laboratories in Tulsa, Oklahoma for Total Lead, Arsenic and 
Cadmium. Sample points requiring a second composite sample, because of depth, are 
listed as A and B on the chain of custody for its respective grid number, Figure 5 shows 
the sampling points. There were no levels of Cadmium above the RSK, however one 
area described as sample point 18 exceeded the RSK for Arsenic and Lead. Table 6 
summarizes the data for the analyzed parameters. Figure 6 shows the cross sectional 
view of the Repository Area. Appendix D presents the EPA Repository Laboratory 
Report. 

10 
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SCALE: DATE: 

A & M ENGINEERING AND 1"=500' 07/16/03 
ENVIRONMENTAL SERVICES, INC. APPROVED BY: DRAWN BY: 

AME JDA 
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NOTE: CADMIUM CONCENTRAnONS IN WATER 
REPRESENTED BY THE COLOR RED (le: ---·c.~~) 

FIGURE NO. 

2iA 
PROJE!~T NO. 

CADMIUM CONCENTRATIONS 
IN SEDIMENT AND WATER 

NATIONAL ZINC SITE 
CHERRYVALE, KANSAS 
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TABLE 6 
EPA REPOSITORY SOIL SAMPLES 

Parameters in mg/kg 

National Zinc Site- Cherryvale, Kansas 

Samplin2 Arsenic Cadmium Lead 
Location 

EPAR11A 3.53 6.42 95 
EAPR15A 5.23 7.17 101 
EPAR18A 41.3* 19.60 1050* 
EPAR20A 9.19 15.8 529 
EPAR19A 5.89 12.5 227 
EPAR16A 6.1 12.7 226 
EPAR09A 6.57 14.3 289 
EPAR03A 4.14 12.7 270 
EPAR01A 4.97 10.3 198 
EPAR02A 3.75 5.89 108 
EPAR05A 5.86 10.7 215 
EPAR07A 5.33 11.7 414 
EPARlOA 4.72 7.25 169 
EPAR13A 5.76 4.18 49.8 
EPAR06A 4.39 6.81 177 
EPAR06B 9.82 22.3 569 
EPAR04A 4.84 7.09 155 
EPAR04B 7.2 9.84 210 
EPAR08A 5.4 10.3 221 
EPAR08B 5.15 35.2 160 
EPAR012A 5.65 11.4 241 
EPAR017A 12.7 35.3 707 
EPAR014A 8.17 18.8 575 
EPAR014BEB 7.11 17.4 243 
EB (Equipment <DL <DL <DL 

* Denotes sample locations that exceed RSK for indusrial area 

i ~. 



APPENDIX A 
(Analyzed Parameters for Cadmium, 

Arsenic,. Zinc. and .Lead) 
No~e: Fi_gures 3A<3.D 
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.APPENDIXB 
(Sedimenland Surface Water Analytical Data 

for Unnamed and Drum €:reeks) 



,7- 9-03;; ·8: S8At.l'; SHERRY :LABORATORIES 
" 1 /' 1,8 

SHI:IIRYL.aboratories 682$ ~ 38th Slnl8t 
Tulsa OK 74145 

(918}828-99n 

Fax; (91B)82&:nse 

(800)3.24~5757 

Altay Ertugrul 
A & M Engineering 
10010 E. 16th St. 
Tulsa, OK 7412.8-4813 
TEL: (918) 665-6574 
FAX ( ) 665-657() 

RE: Cherryvale 

Dear Altay Ertugrul: 

iuly 09, 2003 
Order No.: T03060331 

. Sherry: Laboratories received.'2l samples on6/27/03 forcthe analyses pre·sented .in the following 
r~port 

In accordance with.your instructions,Sherry'Laboratories/Oklahoma conducted:the 311alysis 
Shown on the following pages on samples submitted by your company, The resuits related only 
to the items tested. Unless otherwise noted,_all analysis Was condu<:ted using EPA ,approved 
methodologies. All.relevartt sampling information is o'n .the attached cluiin-of-custody form. 
The initials SUB as the analyst desigr}ate'any testing sub-contracted by SLO. 

·Certifications/Accreditation: OK - 7604 
AR-ADEQ· 
KS- E-10232 
LA -4002 

.Ascope·ofCertified/Accredited parameters is available upon request. 

If you. have any questions regarding these tests results, please feel. free to call. 

Sin-cerely~ 

Tom Gilroy 

rian Duzan, Director 
Environmental Servi~es 

I 

i 

I 
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Total Arsenic 
Total Cadmium 
Total Chromium 

Total Mercury 

Approved by: 

SHERRYLaboratories 

QA/QC REPORT 
A&MEng. 

SAMPLE# T03060331 
BATCHQC 

97 99 
101 88 
101 99 
112 128 

SHERRY LABORATORIES/OKLAHOMA 

~un 
~::!~~Director 

;1+918+828+7766 • 2/ 18 

-

I 

121 20.1 
89 2.0 
97 2.1 
130 1.4 

l 

I 



7- 9-03; 8:58AM;SHERRY LABORATORIES ;1+918+828+7756 • 4/ 18 

SHERRYlaboratories 
6825 E 381h Street 

TulSa OK 74145 

(918)1128-9977 

Fax: (918)8211-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Cherryvale 

Date Received: 6127/03 

Date Reported: 09-Jul-03 

Lab 10: T03060331-0I Collection Date: 6/24/03 10:15:00 AM Sample 10: CVKS-1 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anal!!ed 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.059 0.025 mg/Kg 6130103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 21.2 0.500 mg/Kg 7/1/03 

Cadmium 20.6 0.250 mg/Kg 7/1/03 
Chromium 11.2 0.250 mg/Kg 7/1/03 

Lead 163 0.125 mg/Kg 7/1/03 

Zinc 1,470 2.20 mg/Kg 711/03 

SW9040 

Anal~st 

KR 

KR 

SN PH IN SOIL 
pH 6.90 0.10 pH Units 7/8/03 2:52:00 PM 

Lab 10: T03060331-02 

Matrix SOIL 

Collection Date: 6/24/03 II :00:00 AM Sample 10: CVKS-2 

Detection 
Analyses Result Limit Units 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.070 0.025 mg/Kg 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 41.5 0.500 mg/Kg 
Cadmium 32.5 0.250 mg/Kg 

Chromium 11.3 0.250 mg/Kg 
Lead 233 1.20 mg/Kg 

Zinc 2.150 21.0 mg/Kg 

PH IN SOIL SW9040 
pH 6.81 0.10 pH Units 

Page I of/2 

Date 
Anal!!ed Am•lyst 

KR 
6/30/03 

KR 
7/1/03 

7/1/03 

7/1/03 

7/1/03 

711/03 

SN 
7/8103 2:52:00 PM 

This docum.:nl shall nor Ill: rtproduc:.:d, nc:.:pl in full, \Yilboullbc: wrin.:n :~pprovol of Sherry L:aburntoric,;, lur. 
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6825 E 38lh Sb'eel 

Tulsa OK 74145 

(918)~9977 

(:l..IENT: 

SHERRYL,aboratories· 

FsX: (918)82~7756. 

(800)324-5757 

Lab· Order: 

Project: 

A &;M Engineering 

T03060331 

Cherryvale 

Date .Received: 6fl7/03 

Date Reported: 09-Ju/-03 

l:.ab ID: T03060331'-03 Collection Date: 6124/03 12:00:00 PM Sample ID: CVKS-3 

Matrix SotL 

Analyses 

MERCURY IN SOIL OR SLUDGE 
Mercilry 

METALS IN SQIL OR SLUDGE BY'iCP 
Arsenic 

Ce~amium 

Chromium 

Lead 

Zinc 

PH IN SOIL 
pH 

Result 

0.086 

15.8 

~.8 

1.1.0 
189 

3;290 

7.45 

Detection 
Limit Units, 

SW7471 
0.025 mg/Kg 

SW6010A 
0.500i mg/Kg 

0~250 mgiKg 

.0;250. mgJKg 

.0,125 mg/Kg 

25.0 mg/Kg 

0,10 pH UnitS 

Lab ID: TOJ06033l-04 Collection Date: 6124/0312:20:00 PM Sample ID: CVKS4 

Matrix SOIL 
Detection 

Analyses Result Limit Units 

MERCURY IN SOIL OR Sl:.UDGE SW7471 
Mtncury 0.24 0.025 mgiKg 

METALS IN SOU:. OR SLUDGE BY ICP SW6010A 
Al&enic 40:3 o';soo mg/Kg 

Cadmium 51.6 0.250 mg/l<g' 

Chromium 12.8 0.250 mgiKg 
Lead 546 1.00 mg/Kg 
Zinc 11,900 '21.0 rng/Kg 

PH.IN SOIL SW9040 
:pH 7.22 0:10 pH Units 

Pagelof/1 

Date 
AnalyZed Anal~st 

KR. 
6130/03 

KR 
7/1/03 
7/1/03 

7/1/03 
7/1/0_3 

.711/03 

SN 
7/8/0J 2:52:00'PM 

Date 
Anal~d Anal~st 

KR 
6130/03 

KR 
7/1/03 

7/1/03. 
7/1/03' 

111103 
7/1/03 

:sN 
718/03 2:52:00 PM 

This'tluc:umc:llt·slmil:llot be rcprodated~ cucpi in Full •. wilhout,.ihe wrillen llpJirilval.ofSherr)' L.aboratorit:l,·.lnc.: 

I 
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7- 9-03; 8:58AM;SHERRV ~ABORATORIES ;1+918+828+7756 ., 6/ 18 

SHERRYlaboratories 
8825 E 381h Slreel 

Tulsa OK 7"145 

C918)828.99n 

Fax: (918)82&-nsa 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Chenyvale. 

Date Received: 6127/03 

Date Reported: 09-J~t/-03 

Lab ID: T03060331-0S Collection Date: 6/24/03 I :35:00 PM Sample ID: CVKS-5 

Matrix SOIL 

Analyses Result 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.56 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 37.8 

Cadmium 704 

Chromium 19.0 

Lead 1,190 

Zinc 16,500 

PH IN SOIL SW9040 

Detection 
Limit 

0.025 

0.500 

1.90 

0.250 

1.00 

19.0 

Units 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Date 
Analxzed 

6130/03 

7/1/03 

7/1/03 

7/1/03 

7/1/03 

7/1/03 

Analxst 

KR 

KR 

SN 
pH 7.47 0.10 pH Units 7/8/03 2:52:00 PM 

Lab ID: T03060331-06 Collection Date: 6124/03 3:00:00 PM Sample ID: CVKs-6 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anall:!ed Analxst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury 0.17 0.025 mg/Kg 6/30/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 5.94 0.500 mg/Kg 7/1/03 

Cadmium 68.7 0.250 mg/Kg 7/1/03 

Chromium 7.68 0.250 mg/Kg 7/1/03 

Lead 238 0.125 mg/Kg 7/1/03 

Zinc 2,850 22.0 mg/Kg 7/1/03 

PH IN SOIL SW9040 SN 
pH 7.45 0.10 pH Units 7/8/03 2:52:00 PM 

PngeJ of/2 

This dnc'um~nl shall not be npruducrd, eucpl in full, withuultbc wrincn approval of Sherry l.aboraturia. Inc. 



7- 9-03; 8:S8AM;SHERRY LABORATORIES ;1+918+828+7756 # 7/ 18 

SHERRYlaboratories 
882!1 E 38th Slreet 

- j Tulsa OK 74145 

(918)8211-9977 

Fax: (918)828-nS& 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 
Cherryvale 

Date Rec:eived: 6(27/03 
Date Reported: 09-Ju/-03 

Lab ID: T03060331-07 Collcc:tion Date: 6125/03 11:00:00 AM Sample ID: CVKS-7-D-1 

Matrix SOI'L 
Detection Date 

Analyses Result Limit Units Anal~d 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.13 0.025 mg/Kg 6130103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 30.7 0.500 mg/Kg 711/03 

cadmium 430 2.30 mgtt<g 711/03 

Chromium 14.0 0.250 mg/Kg 7/1/03 

Lead 473 1.20 mg/Kg 711103 

Zinc 10,300 23.0 mg/Kg 7/1/03 

PH IN SOIL SW9040 

Ana1~st 

KR 

KR 

SN 
pH 7.43 0.10 pH Units 718103 2:52:00 PM 

Lab ID: T03060331-08 Collection Date: 6125/0311:15:00 AM Sample ID: CVKS-8 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Analyzed Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Men:ury 0.064 0.025 mgiKg 6130103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 0.924 0.500 mg/Kg 711/03 

Cadmium 23.5 0.250 mg/Kg 711/03 

Chromium 6.96 0.250 mgiKg 711/03 

Lead 9.42 0.125 mgiKg 711103 
Zinc 1,010 2.50 mgiKg 7/1/03 

PH IN SOIL SW9040 SN 
pH 7.38 0.10 pH Units 7/8103 2:52:00 PM 

Page4of/2 

This documenl5bllll DOl be reproduced, c:ucpl in run, without the written :lppronl or Sherry l..aburntories.lnc. 



7- 9-03; 8:58AM;SHERRV LABORATORIES ;1+918+828+7756 # 8/ 18 

SHERRYlaboratories 
' 6825 E 38111 SUeet 

Tulsa OK 7'11'15 

(918)B2B-99n 

Fax: (918)828-nS& 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Cherryvale 

Date Received: 6f27/03 

Date Reported: 09-Ju/-03 

Lab 10: T03060331-09 Collection Date: 6125/03 I 1:40:00 AM Sample ID: CVKS-9 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anal):!ed 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.16 0.025 mg/Kg 6130103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 15.2 0.500 mg/Kg 7/1/03 
Cadmium 79.3 0.250 mg/Kg 7/1/03 

Chromium 13.2 0.250 mg/Kg 7/1/03 
Lead 145 0.125 mg/Kg 7/1/03 
Zinc 2,170 21.0 mg/Kg 711103 

PH IN SOIL SW9040 

Anal~st 

KR 

KR 

SN 
pH 7.48 0.10 pH Units 718103 2:52:00 PM 

Lab 10: T03060331-IO Collection Date: 6125/03 12:30:00 PM Sample ID: CVKS-10-D-l 

Matri1t SOIL 
Detection Dote 

Analyses Result Limit Units Anal~d Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury 0.086 0.025 mg/Kg 6130/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 7.16 0.500 mg/Kg 7/1103 
Cadmium 4.63 0.250 mg/Kg 7/1/03 
Chromium 13.9 0.250 mgJKg 7/1/03 
Lead 20.6 0.125 mg/Kg 711/03 
Zinc 78.8 0.250 mgt Kg 711/03 

PH IN SOIL SW9040 SN 
pH 6.40 0.10 pH Units 7/8103 2:52:00 PM 

PageS of 12 

This dcKumrnl Nball not he rrprodutrd, except in full, \Yilboal 1hr \¥rillca :apprm·:ll of Sherry l.uburalnriH. Inc. 

I 
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7- 9-03; 8:58AM;SHERRY LABORATORIES ;··1 +918+828+7756 # 9/ 18 

SHERRYL.aboratories 
&825 E 381h Slnlet 

Tulsa OK 74145 

(9181828·9977 

Fax: (918)8211-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Cherryvale 

Date Received: 6f27/03 

Date Reported: 09-Jul-03 

Lab ID: T03060331-J I Collection Date: 6125/03 I :30:00 PM Sample ID: CVKS-11-D-3 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Analyzed 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.099 0.025 mg/Kg 6130/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 11.4 0.500 mg/Kg 7/1/03 

Cadmium 90.4 0.250 mg/Kg 7/1/03 
Chromium 11.7 0.250 mgtKg 7/1/03 

Lead 144 0.125 mg/Kg 7/1/03 

Zinc 3,680 24.0 mgiKg 7/1/03 

PH IN SOIL SW9040 

Analyst 

KR 

KR 

SN 
pH 7.16 0.10 pH Units 7/8/03 2:52:00 PM 

Lab ID: T0306033J-Il Collection Date: 6125/03 I :50:00 PM Sample ID: CVKS-12-D-4 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anall:zed Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury 0.12 0.025 mg/Kg 6/30/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 13.9 0.500 mg/Kg 7/1/03 

Cadmium 73.0 0.250 mg/Kg 7/1/03 

Chromium 13.5 0.250 mg/Kg 7/1/03 

Lead 223 0.950 mg/Kg 7/1103 
Zinc 5,950 19.0 mg/Kg 7/1/03 

PH IN SOIL SW9040 SN 
pH 7.50 0.10 pH Units 7/6/03 2:52:00 PM 

Page6nf12 

Thill docun1cnt shall aot be rtproduccd., Uccpt ia rull, witbout tbc writtca appruvol or Sherry IH~boratorics. l11c:. 



7- 9-03; 8:58AM;SHERRV ~ABORATORIES ; 1+918+828+7756 • 10/ 18 

SHERRYLaboratories 
6825 E 381h SIJeel 

Tulsa OK 74145 

(918)8211-9977 

Fax: (918)828-7758 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Cherryvale 

Date Received: 6127/03 

Date Reported: 09-Ju/-03 

Lab 10: T03060331-13 Collection Date: 6/2S/03 2:10:00 PM Sample 10: CVKS-13-D-5 

Matrix SOIL 

Analyses Result 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.10 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 8.84 

Cadmium 71.1 

Chromium 18.6 

Lead 109 

Zinc 1,520 

PH IN SOIL SW9040 

Detection 
Limit 

0.025 

0.500 

0.250 

0.250 

0.125 

2.00 

Units 

mg/Kg 

mgiKg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Date 
Analyzed 

6130/03 

7/1/03 

7/1103 

7/1103 

7/1/03 

7/1103 

Analxst 

KR 

KR 

SN 
pH 7.36 0.10 pH Units 7/8/03 2:52:00 PM 

Lab 10: T03060331-14 Colledion Date: 6125/03 2:40:00 PM Sample 10: CVKS-14-D-6 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anai~Led Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury 0.18 0.025 mg/Kg 6/30/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 3.17 0.500 mg/Kg 7/1/03 
Cadmium 2.55 0.250 mg/Kg 7/1/03 

Chromium 9.70 0.250 mg/Kg 7/1103 

Lead 24.5 0.125 mg/Kg 7/1/03 
Zinc 94.6 0.250 mg/Kg 7/1/03 

PH IN SOIL SW9040 SN 
pH 7.17 0.10 pH Units 718103 2:52:00 PM 

Page 7of/1 

Tbi• llncumcnl sb:all DOl be rcproduccll, nccpl in run, without tbc M"rillcn approval ur si."ry l.aburalurics, Inc. 
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7- 9-03; 8:58AM; SHERRY L.ABORATOR I ES·. .. ; 1+918+82.8+7756 • 11/ 18 

SHERRYlaboratories 
6825 E 38111 Street 

Tulsa OK 74145 

(91 B)828-aan 

Fax: (918)82&-nsa 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Cherryvale 

Date Received: 6(}.7/03 

Date Reported: 09-Ju/-03 

Lab 10: T03060331-IS Collection Date: 6/2S/03 3:30:00 PM Sample 10: CVKS-14-D-7 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anall:zed 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.052 0.025 mg/Kg 6130103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 1.81 0.500 mg/Kg 7/1/03 

Cadmium 1.70 0.250 mg/Kg 7/1/03 

Chromium 8.20 0.250 mg/Kg 7/1103 

Lead 16.0 0.125 mg/Kg 7/1/03 

Zinc 81.2 0.250 mg/Kg 7/1103 

PH IN SOIL SW9040 

Analyst 

KR 

KR 

SN 
pH 7.06 0.10 pH Units 718/03 2:52:00 PM 

Lab 10: T03060331-16 Collection Date: 6/lS/03 3:50:00 PM Sample lD: CVKS-15-D-8 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anal~d Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury 0.038 0.025 mg/Kg 6130/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 2.30 0.500 mg/Kg 7/1/03 

Cadmium 1.80 0.250 mg/Kg 7/1/03 

Chromium 8.68 0.250 mg/Kg 7/1/03 

Lead 8.87 0.125 mg/Kg 7/1/03 

Zinc 49.9 0.250 mg/Kg 7/1/03 

PH IN SOIL SW9040 SN 
pH 7.46 0.10 pH Units 7/8/03 2:52:00 PM 

Pnge 8 of JZ 

'11•i• dotumrall shall nol be ~produced, cxccpl in full, wilboallbe wrillcn appronl ofSbcrry l..ahnralurics. Inc. 

I 
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7- 9-03; 8:58AM;SHERRY ~ABORATORIES ;1+918+828+7756 # 12/ 18 

SHERRYL3boratories 
6825 E 381h Slreel 

Tulsa OK 74145 

(916)62&-aan 

Fax: (916)82&-nSG 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 
Cherryvale 

Date Received: 6/27/03 
Date Reported: 09-Jul-03 

Lab 10: T03060331-17 Collection Date: 6125/03 4:15:00 PM Sample 10: CVKS-16-D-9 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Anal~d 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.046 0.025 mg/Kg 6130/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 1.66 0.500 mg/Kg 7/1/03 

Cadmium 1.77 0.250 mg/Kg 711103 

Chromium 8.86 0.250 mg/Kg 711/03 

Lead 10.1 0.125 mg/Kg 711103 

Zinc 49.6 0.250 mg/Kg 711103 

PH IN SOIL SW9040 

Anal1•st 

KR 

KR 

SN 
pH 7.22 0.10 pH Units 718103 2:52:00 PM 

Lab 10: 1'03060331-18 Collection Date: 6/lS/03 4:40:00 PM Sample ID: CVKS-17-D-10 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Analyzed Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury 0.051 0.025 mgtKg 6130103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 18.5 0.500 mg/Kg 7/1/03 

Cadmium 14.3 0.250 mg/Kg 7/1/03 

Chromium 11.6 0.250 mg/Kg 711103 

Lead 48.2 0.125 mg/Kg 711103 

Zinc 517 2.30 mgtKg 711103 

PH IN SOIL SW9040 SN 
pH 7.03 0.10 pH Units 718103 2:52:00 PM 

Page 9of/2 

TbU. document sb1"lao1 be reproduced, nccpl ia full, wilboullhc written approVAl of Sherry l.nbonlorics, h1c. 



7- 9-03; 8:S8AM;SHERRV ~ABORATORIES ;1+918+828+7756 

&825 E 38th Street 

Tulsa OK 7414& 

(918)826-9977 

CLIENT: 

SHERRYL.aboratories 
Te51ing TOday - Protecli1g Tomonow • 

Fax: (918)82B-n66 

(800)324-5757 

Lab Order: 

Project: 

A & M Engineering 

T03060331 
Cherryvale 

Date Received: 6/27/03 
Date Reported: 09-Ju/-03 

Lab 10: T03060331-19 Collection Date: 6125/03 5:00:00 PM Sample ID: CVKs-18 

Matrix SOIL 
Detection 

Analyses Result Limit Units 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.088 0.025 mg/Kg 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 58.1 0.500 mg/Kg 

Cadmium 1n 1.80 mg/Kg 

Chromium 9.49 0.250 mg/Kg 

Lead 192 0.900 mg/Kg 

Zinc 3,600 18.0 mg/Kg 

PH IN SOIL SW9040 
pH 7.38 0.10 pH Units 

) Lab 10: T03060331-20 Collection Date: 6125/03 5:20:00 PM Sample ID: CVKS-19 

Matrix SOIL 
Detection 

Analyses Result Limit Units 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury "0.046 0.025 mg/Kg 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 18.0 0.500 mg/Kg 

Cadmium 511 2.00 m91Kg 

Chromium 15.6 0.250 mg/Kg 

Lead 368 1.00 mg/Kg 

Zinc 32,900 200 mg/Kg 

PH IN SOIL SW9040 
pH 7.70 0.10 pH Units 

Page JOoflZ 

Date 
Anal~ed Analxst 

KR 
6130/03 

KR 
7/1/03 

7/1/03 

7/1/03 

7/1/03 

7/1/03 

SN 
7/8/03 2:52:00 PM 

Date 
Anal~d Analvst 

KR 
713103 

KR 
7/1/03 

7/1/03 

7/1103 

7/1103 

7/1/03 

SN 
7/8/03 2:52:00 PM 

Thia document 5bull not be n:procluccd, cu~pt in faD. wilhouttbc written oppruval of Sherry 1.11buratoria, Inc. 
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7- 9-03;. 8:68AM;SHERRY LABORATORIES ;1+918+828+7766 • , 4/ , a 

SHERRYL.aboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Faa; (918)828-1758 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060331 

Cherryvale 

Date Received: 6n.7/03 

Date Reported: 09-JIII-03 

Lab 10: TOJ060331-21 Collection Date: 6126/03 11:30:00 AM Sample ID: CVKSOlO-BG-1 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Analyud 

MERCURY IN SOIL OR SLUDGE SW7471 
Mercury 0.089 0.025 mg/Kg 6130/03 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 6.97 0.500 mg/Kg 7/1/03 

cadmium 3.98 0.250 mg/Kg 7/t/03 

Chromium 14.1 0.250 mg/Kg 7/1/03 

Lead 22.4 0.125 mg/Kg 7/1/03 

Zinc 131 0.250 mg/Kg 7/1/03 

SW9040 

Anal!st 

KR 

KR 

SN PH IN SOIL 
pH 7.79 0.10 pH Units 718/03 2:52:00 PM 

Lab ID: T03060331-22 Collection Date: 6/26103 11:45:00 AM Sample ID: CVKS021-BG-l 

Matrix SOIL 
Detection Date 

Analyses Result Limit Units Analyzed Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury '<0.025 0.025 mg/Kg 713103 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic: 11.9 0.500 mg/Kg 7/1/03 

Cadmium 8.94 0.250 mg/Kg 7/1/03 

Chromium 25.4 0250 mg/Kg 7/1/03 

Lead 70.3 0.125 mg/Kg 7/1/03 

Zinc 59.6 0.250 mg/Kg 7/1/03 

PH IN SOIL SW9040 SN 
pH 7.83 0.10 pH Units 7/8103 2:52:00 PM 

Page II of 12 

This docunlcat sbllll uot bc n:produccd. cxccpt io full, wilboot t11c \Trittcn :approval ofSbcrry Labunuurics. Inc. 
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SHERRYlaboratories 
6825. E. 38Di siteet 
Tulsa OK 74145 

(918)828-9977 

CLIENT.: 

Lab .Order: 

Pr:ojec:t: 

. A &. M Engineering 

T0306033T 

~herry.vale 

Date Received: 6127/03 
Date Reported: 09-Ju/-OJ 

Fax: (918)8ZB-n56 

(800)324-5757 

Lab ID: T03060331-23 Collection Date: 6/26/03 11:30:00 PM' S!Jmple ID: CV:KS-ll 

.Matrix SOIL 
Detection Date 

Analyses Re5ult Limit Units Analyzed ,Anal~st 

MERCURY IN SOIL OR SLl]DGE SW7471 KR 

j\Aercury "0.098 0.025 :mg/Kg. 713/03, 

METALS IN SOIL OR'$LUOGE~BY ICP SW6010A KR 

Arsenic 23.2 0.500 mg/Kg 7/1103 

Cadmium 333 2AO mg/Kg 7/1103. 

Chromium 17c4: 0.250 mg/Kg 7/1/03 

.Lead 606 1.20 mgn<g 711/03 

Zinc 14,600 24.0 mgl!<g 7/1103 

PH'IN SOIL sws:o~ SN 

pH 7:67 0.10 ·pH Units 7t8i03 2:52:00 PM 

Pnge.l2.uf 12 

'llais dncmneut sb11U uot be repro.cJuced, csccpt in fulL wi!IJua(tiJc \Yrittcu uppmvaror Shi:rry 'l.abor;atorirs. In~ • 
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A & M ENGINEERING [ffi] SANPLIIIC FIRI.I 'CLIENT CONTACT II PtiOtl[ HUI.IBER I AND I A.l-1.1 v E'...lll Q;.u I tmJIUtm 
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; 1+918+828+7756 # 1/ 12 

(') 
SHERRYlaboratories 6825 E 381h Street 

Tulsa OK 74145 

(918)828-QGn 

Fax: (918)828-7756 

(800)324-5757 

Altay Ertugrul 
A & M Engineering 
10010 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Altay Ertugrul: 

July 08, 2003 
Order No.: T03060315 

Sherry Laboratories received 16 samples on 6/26/03 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. All relevant sampling information is on the attached chain-of-custody form. 
The initials SUB as the analyst designate any testing sub-contracted by SLO. 

Certifications/ Accreditation: OK - 7604 
AR-ADEQ 
KS- E-10232 
LA -4002 

A scope of Certified/ Accredited parameters is available upon request. 

If you have any questions regarding these tests results. please feel free to call. 

Sincerely. 

Tom Gilroy 

Approved By: ~/\ ____ _ 

~.Director 
Environmental Services 
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SHERR)'t.aboratories 

QA/QC REPOaT 
A.& M ~ngineering 

SAMPLE#JlS 
BATCHQC 

SHERRY LAB ORA T:ORIE$/OKLAHOMA 

Laboratory Director 
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7- 9-03; 6:24AM;SHERRV LABORATORIES ; 1+918+628+7756 # 3/ 12 

SHERRYlaboratories 
Tesung TOday- Pl'otecling Tomorrtlllll • 6825 E 38th Slreet 

Tulsa OK 74145 

(111B)B2a-san 

Fax: (918)828-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

1'03060315 

Cherryvale 

Date Received: 6/26/03 

Date Reported: 08-.lu/-03 

Lab ID: T03060315-0t 

Matrix AQUEOUS 

Collection Date: 6124/03 12:00:00 PM Sample ID: CVKW-1 

Detection Date 
Analyses Result Limit Units Analyzed Analyst 

HARDNESS E130.2 SM 
Hardness (As CaC03) 1,600 10 mgll 7/1/03 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6/26/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6/30/03 3:53:20 p 

Cadmium 0.0387 0.00100 mg/L 6/30/03 3:53:20 p 

Chromium < 0.0100 0.0100 mg/L 6/30/03 3:53:20 p 

Lead < 0.00500 0.00500 mg/L 6130/03 3:53:20 p 

Zinc 1.63 0.0100 mg/L 6/30/03 3:53:20 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue, Non- 10.0 5.00 mg/L 6/26/03 12:00:00 p 
Filterable) 

Lab ID: T03060315-02 Collection Date: 6124/03 12:20:00 PM Sample ID: CVKW-2 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Analyzed Am•lyst 

HARDNESS E130.2 SM 
Hardness (As CaC03) 910 10 mgll 7/1/03 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6/26/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6/30/03 4:16:53 p 

Cadmium < 0.00100 0.00100 mg/L 6/30/03 4:16:53 p 

Chromium < 0.0100 0.0100 mg/L 6/30/03 4:16:53 p 

Lead < 0.00500 0.00500 mg/L 6/30/03 4:16:53 p 
Zinc 0.791 0.0100 mg/L 6/30/03 4:16:53 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue, Non- <5.00 5.00 mg/L 6/26/03 12:00:00 p 
Filterable) 

Page I ofB 

Thi§ ducunu:nl shall not he rc:pruduec:d, c:uc:pt in full, withouttbc wrillc:n approval ufSbc:rry l~1bora1ories. Inc. 
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SHERRYLaboratories 
6825 E 38lh Slreet 

Tulsa OK 74145 

(91B)828-99n 

Fax: istBJBZB-nss 

(800)324-5757 

CLIENT: 

Lab Order: 

rroject: 

A & M Engineering 

T03060315 

Cherryvale 

Date Received: 6126/03 

Date Reported: 08-Ju/-03 

Lab ID: T0306031S-03 Collection Date: 6124/03 3:00:00 PM Sample ID: CVKW-3 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal~ed Anatxst 

HARDNESS E130.2 SM 
Hardness (As CaC03) 280 10 mgll 7/1/03 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mgll 6126/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mgll 6130/03 4:51:02 p 

Cadmium < 0.00100 0.00100 mg/L 6130/034:51:02 p 

Chromium < 0.0100 0.0100 mgll 6130/03 4:51:02 p 

Lead < 0.00500 0.00500 mgll 6130/03 4:51:02 p 

Zinc 0.695 0.0100 mg/L 6130/03 4:51:02 p 

TOTAL SUSPENDED SOLIDS E160.Z JF 
Suspended Solids (Residue. Non- 7.00 5.00 mg/l. 6126/03 12:00:00 p 
Filterable) 

Lab ID: T03060315-04 Collection Date: 6/25/03 II :00:00 AM Sample ID: CVKW-4-DI 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anall:zed Anall:st 

HARDNESS E130.2 SM 
Hardness (As CaC03) 240 10 mgll 7/1/03 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mgll 6/26/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mgll 6/30/03 4:55:57 p 
Cadmium < 0.00100 0.00100 mgll 6130/03 4:55:57 p 

Chromium < 0.0100 0.0100 mgll 6/30/03 4:55:57 p 

Lead < 0.00500 0.00500 mg/l. 6/30/03 4:55:57 p 
Zinc 0.0322 0.0100 mg/L 6/30/03 4:55:57 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue, Non- 10.0 5.00 mg/L 6126/03 12:00:00 p 
Filterable) 

Page 2 ofB 

'11•i.~ durUIIICIU ~hall not b~ rcproduc~d. cu~pl in run. n·ithoutlhl! .wriucu nppronl ur Sherry l.uburaloriC!i, Inc. 
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6825 E 381h Slreet 

Tulsa OK 74145 

(918)828-11977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060315 

Cherryvale 

• 1Tt1t0 ... 0£.0 .... //:)C) .. 5/ 12 

SHERRYL.aboratories 
Tesling TOday -l'raecW1g Tomorrow• 

Date Received: 6126/03 

Date Reported: 08-Ju/-03 

Fax: (918)828-ns& 

(800)324·5757 

Lab 10: T03060315-05 Collection Date: 6125/03 11:15:00 AM Sample ID: CVKW-5 

Matrix AQUEOUS 
Detection Date 

Analvses Result Limit Units Anal!zed Anal:xst 

HARDNESS E130.2 SM 
Hardness (As CaC03) 310 10 mgll 7/1/03 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mgll 6126/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mgll 6130/03 5:00:52 p 

Cadmium < 0.00100 0.00100 mg/L 6130/03 5:00:52 p 

Chromium < 0.0100 0.0100 mgll 6130/03 5:00:52 p 

Lead < 0.00500 0.00500 mgll 6130/03 5:00:52 p 

Zinc 0.224 0.0100 mg/L 6130/03 5:00:52 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue. Non- < 5.00 5.00 mgll 6126/03 12:00:00 p 
F"dterable) 

Lab ID: T03060315-06 Collection Date: 6/25/03 11:40:00 AM Sample ID: CVKW-6 

Matrix AQUEOUS 

Detection Date 

Analyses Result Limit Units Analyzed Ana list 

HARDNESS E130.2 SM 
Hardness (As CaC03) 300 10 mgll 7/1/03 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6126/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6130/03 5:24:16 p 

Cadmium < 0.00100 0.00100 mg/L 6130103 5:24:16 p 

Chromium < 0.0100 0.0100 mg/L 6130103 5:24:16 p 

Lead < 0.00500 0.00500 mg/L 6130/03 5:24:16 p 

Zinc 0.354 0.0100 mg/L 6130/03 5:24:16 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue. Non- < 5.00 5.00 mg/L 6126/03 12:00:00 p 
Filterable) 

Pagel of8 

This doc:umrnt shall not be reproduc:ed. euepl in run, without the wrillen :.ppro•·nl ur Shc:rry l.:lbuntories, Inc:. 
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&825 E 38111 Slteet 

Tulsa OK 74145 

191&)82a-99n 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060315 

Cherryvale 

; 1+918+828+7756 # 6/ 12 

SHERRYLaboratories 

Date Received: 6126/03 

Date Reported: O,f/-Jul-03 

Fax: (918)82&-ns& 

!8.00)324-5757 

Lab ID: T0306031S-07 Collection Date: 6125/03 12:30:00 PM Sample ID: CVKW-7-02 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal~d Anal):st 

HARDNESS E130.2 SM 
Hardness (As CaC03) 240 10 mg/l 7/1103 2:15:00 PM 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/l 6126/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/l 6130/03 5:29:12 p 
Cadmium < 0.00100 0.00100 mg/L 6130/03 5:29: 12 p 

Chromium <0.0100 0.0100 mg/l 6/30/03 5:29:12 p 

Lead < 0.00500 0.00500 mg/L 6130/03 5:29: 12 p 

Zinc < 0.0100 0.0100 mg/L 6130/03 5:29: 12 p 

TOTAL SUSPENDED SCUDS E160.2 JF 
Suspended Solids (Residue. Non- 7.00 5.00 mg/L 6/26/03 12:00:00 p 
Filterable) 

Lab 10: T03060315-08 Collection Date: 6125/03 1:30:00 PM Sample 10: CVKW-8-D3 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Analyzed Analxst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 240 10 mg/l 7/8103 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mgiL 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/l 6130/03 5:34:01 p 
Cadmium < 0.00100 0.00100 mg/L 6130/03 5:34:01 p 

Chromium < 0.0100 0.0100 mg/L 6130/03 5:34:01 p 

Lead < 0.00500 0.00500 mg/L 6130/03 5:34:01 p 

Zinc <0.0100 0.0100 mg/L 6130/03 5:34:01 p 

TOTAL SUSPENDED SCUDS E160.2 JF 
Suspended Solids (Residue. Non- 33.0 5.00 mg/L 6126/03 12:00:00 p 
Filterable) 

Page-l of8 

This lluc-mucnl 1ball 0111 be rcprudaccd, c:xc:cpl in rutl, \Yilboullhc wrillcn approval or Sbcrry L:almralnrics, Inc. 
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8825 E 381h Slleet 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060315 

Cherryvale 

SHERRYL.aboratories 

Date Received: 6126/03 

Date Reported: 08-Ju/-03 

# 7/ 12 

Fax: (918)828-7758 

(800)324-5757 

Lab ID: T03060315-09 Collection Date: 6/25/03 1:50:00 PM Sample JD: CVKW-9-04 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Analyzed Analyst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 230 10 mg/L 7/8103 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6127103 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6130/03 5:38:50 p 

Cadmium < 0.00100 0.00100 mg/L 6/30/03 5:38:50 p 

Chromium < 0.0100 0.0100 mg/L . 6130103 5:38:50 p 

Lead < 0.00500 0.00500 mg/L 6130103 5:38:50 p 

Zinc 0.132 0.0100 mgiL 6130103 5:38:50 p 

TOTAL SUSPENDED SOUDS E160.2 JF 
Suspended Soflds (Residue, Non- 58.0 5.00 mg/L 6126/03 12:00:00 p 
Fillerable) 

Lab ID: T03060315-IO Collection Date: 6125/03 2:10:00 PM Sample ID: CVKW-10-D4 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal!zcd Analyst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 240 10 mg/L 7/8/03 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6/30103 5:43:39 p 

Cadmium < 0.00100 0.00100 mg/L 6/30/03 5:43:39 p 

Chromium < 0.0100 0.0100 mg/L 6/30/03 5:43:39 p 

Lead < 0.00500 0.00500 mg/L 6/30103 5:43:39 p 

Zinc 0.0544 0.0100 mg/L 6/30103 5:43:39 p 

TOTAL SUSPENDED SOUDS E160.2 JF 
Suspended SoUds (Residue. Non- 130 5.00 mg/L 6126103 12:00:00 p 
Filterable) 

Page 5 of8 
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6825 E 381h Street 

Tulsa OK 74145 

(918)1128-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060315 
Cherryvale 

SHERRYI..aboratories 

Date Received: 6126/03 

Date Reported: 08-Ju/-01 

Fax: (918)828-nss 

(800)324-5757 

Lab ID: T03060315-II Collection Date: 6125/03 2:40:00 PM Sample 10: CVKW-li-D6 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal,rzed Analyst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 230 10 mgll 7/8/03 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mgll 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6130/03 5:48:28 p 

cadmium < 0.00100 0.00100 mg/L 6130/03 5:48:28 p 
Chromium <0.0100 0.0100 mgll 6130/03 5:48:28 p 

Lead < 0.00500 0.00500 mgll 6130/03 5:48:28 p 
Zinc < 0.0100 0.0100 mgll 6/30/03 5:48:28 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue. Non- 16.0 5.00 mgll 6/26/03 12:00:DO P 
Filterable) 

Lab ID: T03060315-12 Collection Date: 6/25/03 3:20:00 PM Sample ID: CVKW-12-D7 

Matrix AQUEOUS 

Detection Date 

Anal,rses Result Limit Units Anal,rzed Analyst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 250 10 mg/L 718/03 10:00:00 A 

MERCURY IN WATER, TOTAL E245-2 KR 
Mercury <0.000100 0.000100 mgll 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mgll 6130/03 5:53: 17 p 

Cadmium < 0.00100 0.00100 mgll 6/30/03 5:53:17 p 
Chromium < 0.0100 0.0100 mgtl 6130/03 5:53:17 p 
Lead < 0.00500 0.00500 mg/L 6130/03 5:53:17 p 
Zinc < 0.0100 0.0100 mgll 6130/03 5:53:17 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue, Non- < 5.00 5.00 mg/L 6126103 12:00:00 p 
Filterable) 

Page 6of8 
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6825 E 38th Slreel 

Tulsa OK 74145 

(91Bl&2s-99n 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060315 

Cherryvale 

SHERRYLaboratories 
Tesling Todily - Prolecling Tancrrow • 

Date Received: 6/26/03 

Date Reported: 08-Ju/-OJ 

Fax: (918)82&-n56 

(800)324·5757 

Lab ID: T03060315-13 Collection Date: 6/25/03 3:50:00 PM Sample ID: CVKW-13-08 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal!zed Anal1::st · 

HARDNESS E130.2 KR 
Han:tness (As CaC03) 220 10 mgll 7/8103 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercul'f < 0.000100 0.000100 mgll 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mgll 6130/03 5:58:06 p 

Cadmium <0.00100 0.00100 mgll 6130/03 5:58:06 p 

Chromium < 0.0100 0.0100 mg/L 6130/03 5:58:06 p 

Lead < 0.00500 0.00500 mgll 6130/03 5:56:06 p 

Zinc < 0.0100 0.0100 mgll 6130/03 5:58:06 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue. Non- 79.0 5.00 mgll 6126/03 12:00:00 p 
Filterable) 

Lab ID: T03060315-14 Collection Date: 6/25/03 4: I 5:00 PM Sample JD: CVKW-14-D9 

Matrix AQUEOUS 
Detection Date 

Ann lyses Result Limit Units Analyzed Amtlyst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 250 10 mg/L 7/8/03 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6130/03 6:02:55 p 

Cadmium < 0.00100 0.00100 mgll 6130/03 6;02:55 p 

Chromium < 0.0100 0.0100 mg/L 6130/03 6:02:55 p 

Lead < 0.00500 0.00500 mgll 6130/03 6:02:55 p 

Zinc < 0.0100 0.0100 mgll 6130/03 6:02:55 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue, Non- 60.0 5.00 mg/L 6/26/03 12:00:00 p 
Filterable) 

Page 7ofB 
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SHERRYL..aboratories 
&&25 e 38th Street 

Tulsa OK 74145 

(91BI62&-99n 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03060315 

Cherryvale 

Date Received: 6f26/03 

Date Reported: 08-.lu/-03 

Fax: (918)828-nSG 

(800)324-5757 

Lab 10: T0306031S-15 Collection Date: 6/25/03 4:40:00 PM Sample ID: CVKW-15-010 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal~d Anal;rst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 220 10 mg/L 7/8103 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6130103 6:07:44 p 

Cadmium < 0.00100 0.00100 mg/L 6/30/03 6:07:44 p 

Chromium < 0.0100 0.0100. mg/L 6130/03 6:07:44 p 

Lead < 0.00500 0.00500 mg/L 6130/03 6:07:44 p 

Zinc 0.0204 0.0100 mg/L 6130/03 6:07:44 p 

TOTAL SUSPENDED SOLIDS E160.2 JF 
Suspended Solids (Residue. Non- 189 5.00 mg/L 6/26/03 12:00:00 p 
Filterable) 

Lab ID: T03060315-16 Collection Date: 6/25/03 5:00:00 PM Sample 10: CVKW-16 

Matrix AQUEOUS 
Detection Date 

Analyses Result Limit Units Anal;rzed Anal;rst 

HARDNESS E130.2 KR 
Hardness (As CaC03) 320 10 mg/L 7/8/03 10:00:00 A 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 6127/03 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 6130103 6:30:59 p 

Cadmium < ::1.00100 0.00100 mg/L 6130/03 6:30:59 p 

Chromium < 0.0100 0.0100 mg/L 6130/03 6:30:59 p 

Lead < 0.00500 0.00500 mg/L 6/30/03 6:30:59 p 

Zinc 0.286 0.0100 mg/L 6/30103 6:30:59 p 

TOTAL SUSPENDED SOUDS E160.2 JF 
Suspended Solids (Residue. Non- 18.0 5.00 mg/L 6/26103 12:00:00 p 
Filterable) 

Poge8of8 
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SHERRYlaboratories 81125 E 38UI Street 

Twll8 OK 74145 

(918)828-9977 

Fax: (9181826-7756 

(800)324-5757 

Altay Ertugrul 
A & M Engineering 
10010 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Altay Ertugrul: 

July 02, 2003 
Order No.: T03060333 

Sherry Laboratories received I sample on 6127/03 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. All relevant sampling information is on the anached chain-of-custody form. 
The initials SUB as the analyst designate any testing sub-contracted by SLO. 

Certifications/Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/Accredited parameters is available upon request. 

If you have any questions regarding these tests results, please feel free to call. 

Sincerely, 

Tom Gilroy 

ApprovedBy: ~JA ____ _ 
·. ; · ~zan. Director 

Environmental Services 
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7- 7-03; 4:09PM;SHER~Y LA~OHAIUHit~ 

6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

Lab ID: 
Date Received: 

A & M Engineering 

T03060333 

Cherryvale 

T03060333-0 I A 
27-Jun-03 

SHERRYL.aboratories 

Client Sample ID: 

Tag Number: 

Collection Date: 

Matrix: 

Date Reported: 
........... -·------~-·--·--·-----~~~-····-· ·-----·-·- --

Detection 

CVKW-17 

Fax: (918)828·7758 

(800)324-5757 

6/26/03 12:30:00 PM 

AQUEOUS 

02-Jul-03 
... -- .. -~ ..... - ... 

Date 
Analyses Result Limit Units Analyzed Analyst 

HARDNESS 
Hardness (As CaC03) 

MERCURY IN WATER, TOTAL 
Mercury 

METALS IN WATER BY ICP, TOTAL 
Arsenic 

Cadmium 

Chromium 
Lead 
Zinc 

TOTAL SUSPENDED SCUDS 
Suspended Solids (Residue, Non
FUterable) 

470 

0.000200 

< 0.00500 

0.498 

0.0365 

0.585 
35.9 

3,780 

E130.2 
20 

E245.2 
0.000100 

E200.7 
0.00500 

0.00100 

0.0100 

0.00500 
0.100 

E160.2 
20.0 

Ptrge I of I 

SM 
mgA. 7/1/03 2:15:00 PM 

KR 
mg/L 6127/03 

KR 
mg/L 6130/03 6:45:3_7 p 

mgA. 6130/03 6:45:37 p 

mg/L 6130/03 6:45:37 p 

mg/L 6/30/03 6:45:37 p 
mg/L 6130103 6:45:37 p 

SN 
mgJL 6127/03 2:15:00 p 

This dCKumcnt shall not h~ rcproduc~d. ~sccpt iD full, witboul the \1"rillcu approval of Sherry l.aboratorics. Inc. 
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6825 E 38th Street 

Tulsa OK 74145 

(91 8)828-9977 

Irfan Taner 
A & M Engineering 
10010 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918)665-65 74 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Irfan T aner: 

SHERRYLaboratories 
k'snng T oa.-1y - Pror t'L on g T OlllOrraw • 

February 10, 2004 
OrderNo.: T04010372 

Fax: (91 8)828-7756 

(800)324-5757 

Sherry Laboratories received 7 samples on 1/30/2004 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. Test reports meet all the NELAC requirements. All relevant sampling 
information is on the attached chain-of-custody form. The initials SUB as the analyst designate 
any testing sub-contracted by SLO. 

Certifications/ Accreditation: OK - 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited paran1eters is available upon request. If you have any questions 
regarding these tests results, please feel free to call. 

Sincerely. 

Approved By: ~ 
UnallDtlZaf:. Director 

Environmental Services 



6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010372 

Cherryvale 

SHERRYL.aboratories 
ll·lr•ng Tod.-ty- Proret ung Tomorrow' 

Date Received: I /30/2004 

Date Reported: 10-Feb-04 

Fax: (918)828-7756 

(800)324-5757 

Lab ID: T04010372-01 

Matrix: AQUEOUS 

Collection Date: 1130/2004 11:00:00 A Sample 10: Effluent 

Detection Date 
Analvses Result Limit Units Analvzed AnalYst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 21212004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/3/2004 3:27:10 p 

Cadmium < 0.00100 0.00100 mg/L 2/3/2004 3:27:10 p 

Chromium 0.0240 0.0100 mg/L 2/3/2004 3:27:10 p 

Lead 0.00938 0.00500 mg/L 2/3/2004 3:27:10 p 

Silver < 0.00200 0.00200 mg/L 2/3/2004 3:27:10 p 
Zinc 0.0340 0.0100 mg/L 2/3/2004 3:27:10 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids {Residue, Non- 34.0 10.0 mg/L 2/4/2004 9:55:00 A 
Filterable) 

Lab 10: T04010372-02 

Matrix: AQUEOUS 

Collection Date: 1130/2004 I :30:00 PM Sample ID: Low Water Crossing 

Detection Date 
Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/3/2004 3:32:05 p 
Cadmium < 0.00100 0.00100 mg/L 2/3/2004 3:32:05 p 
Chromium 0.0280 0.0100 mg/L 2/3/2004 3:32:05 p 
Lead < 0.00500 0.00500 mg/L 2/3/2004 3:32:05 p 
Silver < 0.00200 0.00200 mg/L 2/3/2004 3:32:05 p 
Zinc 0.0205 0.0100 mg/L 2/3/2004 3:32:05 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids {Residue. Non- 8.00 5.00 mg/L 2/4/2004 9:55:00 A 
Filterable) 

Page I of4 

This document shall not be rcpruduccll. except in full. without the written appro,·:•l of Sherry l.:lhnralories. lnr. 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010372 

Cherryvale 

SHERRYLaboratories 
ll'll•ng To::«y - Prull"l unq Tu111orro~~~. • 

Date Received: 1/30/2004 

Date Reported: 10-Feb-0-1 

Fax: (918)828-7756 

(800)324-5757 

Lab ID: T04010372-03 

Matrix: AQUEOUS 

Collection Date: 1/30/2004 1:50:00 PM Sample ID: Downstream 

Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium 0.0280 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Zinc 0.0360 0.0100 mg/L 

TOTAL SUSPENDED SOLIDS E160.2 
Suspended Solids (Residue. Non- 39.0 5.00 mg/L 
Filterable) 

Lab ID: T04010372-04 

Matrix: AQUEOUS 

Collection Date: 1/30/2004 11:45:00 A Sample ID: Upstream 

Detection 
Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium 0.0270 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Zinc < 0.0100 0.0100 mg/L 

TOTAL SUSPENDED SOLIDS E160.2 
Suspended Solids (Residue. Non- 7.00 5.00 mg/L 
Filterable) 

P11ge 2 of 4 

Date 
Anai\'Zed Analvst 

KR 
21212004 

KR 
2/3/2004 3:37:00 p 

2/3/2004 3:37:00 p 
2/3/2004 3:37:00 p 

2/3/2004 3:37:00 p 

2/3/2004 3:37:00 p 
2/3/2004 3:37:00 p 

PB 
2/4/2004 9:55:00 A 

Date 
Analvzed AnalYSt 

KR 
2/2/2004 

KR 
2/3/2004 3:41:49 p 

2/3/2004 3:41:49 p 

2/3/2004 3:41 :49 p 

2/3/2004 3:41 :49 p 
2/3/2004 3:41:49 p 

2/3/2004 3:41 :49 p 

PB 
2/4/2004 9:55:00 A 

This dorumenl sh:11lno1 be reproduced. except in full. wilhuullhe wrillen apprO\·al ufSiu•rry l.ahur:llories. lnr. 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010372 

Cherryvale 

SHERRYLaboratories 
lesnng Toa ... y- Prort>cong Tomorrov.· • 

Date Received: 1/30/2004 

Date Reported: 10-Feb-04 

Fax: (918)828-7756 

(800)324-5757 

L:tb ID: T04010372-05 Collection Date: 1/30/2004 12:15:00 P Sample ID: Unnamed Creek 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Anal\'st 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 21212004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 21512004 11:45:03 

Cadmium 0.0112 0.00100 mg/L 21512004 11 :45:03 

Chromium 0.0961 0.0100 mg/L 21512004 11 :45:03 

Lead 0.0358 0.00500 mg/L 21512004 11 :45 03 

Silver < 0.00200 0.00200 mg/L 2/5/2004 11 :45:03 

Zinc 1.07 0.0100 mg/L 21512004 11 :45:03 

Lab ID: T040 I 0372-06 Collection Date: 1/30/2004 12:05:00 P Sample ID: 75 Foot 

M:ttrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 21212004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 21512004 12:19:42 

Cadmium < 0.00100 0.00100 mg/L 21512004 12:19:42 

Chromium 0.0690 0.0100 mg/L 2/5/200412:19:42 

Lead 0.0251 0.00500 mg/L 2/5/2004 12: 19:42 

Silver < 0.00200 0.00200 mg/L 2/5/2004 12:19:42 

Zinc 0.0152 0.0100 mg/L 2/5/2004 12:19:42 

TOTALSUSPENDEDSOUDS E160.2 PB 
Suspended Solids (Residue, Non- 130 5.00 mg/L 2/4/2004 9:55:00 A 
Filterable) 

Pttge 3 of 4 

This llurument shall not be reproduced. except in full, without the written appron1l of Sherry L:1buratorics, Inc. 
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6825 E:381h'•Sireel 
1 Tulsa OK 74145 

(918)828,9977 

CLIENT:. 

Lab Order: 

Project: 

A & M En_gi(leering 

T04010372. 

Cherryvale 

SHERRYLaboratories 

Date Recei\•ei:l: 1/30/2004 

Date Reportetl: W-'Feh-0:.; 

Fax: (918)828-7756 

(800)324;5757 

.LabiD: T04010.}72-07 Collection Date: 1/30/2004 1:50.:00 Pl\1 Sample ID: DownstreafTI SQIId 

· Matr~x: SOLiD 
Detection Date 

Analyses Result Limit. Units Analvzed Analvst 

MERCURY .IN SOiL OR SLUDGE SW7471 KR 
Mercury < 0.025 o,025 mg/Kg 2/_3/2004' 

METALS IN SOIL OR SLUDGE BY ICP SW6010A. KR 
Arsenic 6.76 0.500 mg/Kg 2/9/2004 

Cadmium 2.99 0.250 mgiKg 2/9/2004 

Chromium 14.6 0.250 mg/Kg 2/9/2004 

Lead 9.73 o:125 mgtKg 2/9/2004 

Silver < 0.0500 0.0500 :mg/Kg 2/9/2004. 

Zinc 24.9 0.250 mg/Kg 2t9i2004 

PH IN SOIL SW9045C PB' 
pH 7:09 OJO pH Units 2/2/2004 2:16:00 p 

Page 4 of'4 

This documcrllishall not he r'cpr:uiluccd. ·nccpt in fuil; wiihout the-written appronai of Sh'cn'y l.;r_hor;rtori~'S. Inc; 



·~ Sherry Laboratories 

CLIENT: . A & M Engineering 

Work Order: T04010372 

roject: 

TcstCode 

HG_S 

HG_WW 

MET_S_ICP 

Cherryvale 

Analyte 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Arsenic 

Cadmium 

Chromium 

lead 

Silver 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

Arsenic 

Cadmium 

Chromium 

lead 

Silver 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Zinc 

MET _WW_ICP Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Bate hiD 

R17390 

R17390 

R17390 

R17390 

R17380 

R17380 

R17380 

R17380 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

QCType 

MBLK 

LCS 

MS 

MSD 

MBLK 

LCS 

MS 

MSD 

MBLK 

MBLK 

MBLK 

MBLK 

MBLK 

MBLK 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

MS 

MS 

MS 

MS 

MS 

MS 

MSD 

MSD 

MSD 

MSD 

MSD 

MSD 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

Result 

< 0.025 

0.2482 

0.2389 

0.2618 

< 0.00010 

0.001057 

0.00099 

0.000993 

< 0.50 

< 0.25 

< 0.25 

< 0.12 

< 0.050 

< 0.25 

1.939 

1.976 

1.982 

2.019 

2.01 

1.967 

1.977 

2.017 

0.199 

0.195 

2.006 

1.978 

2.074 

2.16 

2.116 

2.15 

0.208 

2.172 

2.08 

2.181 

2.124 

2.172 

0.21 

2.191 

< 0.0050 

< 0.0050 

< 0.0010 

< 0.0010 

< 0.010 

< 0.010 

< 0.0050 

< 0.0050 

< 0.0020 

< 0.0020 

< 0.010 

Date: 10-Feh-04 

QC SUMMARY REPORT 

PQL Units 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.0001 

0.0001 

0.0001 

0.0001 

0.5 

0.25 

0.25 

0.125 

0.05 

0.25 

0.5 

0.5 

0.25 

0.25 

0.25 

0.25 

0.125 

0.125 

0.05 

0.05 

0.25 

0.25 

0.5 

0.25 

0.25 

0.125 

0.05 

0.25 

0.5 

0.25 

0.25 

0.125 

0.05 

0.25 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

. 0.002 

0.002 

0.01 

mg/L 

mg/L 

mg/L 

mg/l 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

"/uRec 

99.3 

95.6 

105 

106 

99 

99.3 

97 

98.8 

99.1 

101 

100 

98.4 

98.8 

101 

99.5 

97.5 

100 

98.9 

104 

108 

106 

108 

104 

109 

104 

109 

106 

109 

105 

110 

%RPD 

9.15 

0.303 

1.89 

1.85 

2.16 

2 

2.03 

1.41 

0.289 

0.968 

0.377 

1.02 

0.957 

0.871 
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·, CLIENT: 

Work Order: 

Project: 

'\~ cstCode 

( 

PH_S 

TSS 

A & M Engineering 

T04010372 

Cherryvale 

Analyte 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

pH 

BatchiD 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

R17376 

Suspended Solids (Residue. Non-Fill R17429 

Suspended Solids (Residue. Non-Fill R17429 

Suspended Solids (Residue. Non-Fill R17429 

Suspended Solids (Residue. Non-Fill R17429 

QCType 

mblk 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

DUP 

MBLK 

LCS 

DUP 

DUP 

Result 

< 0.010 

1.965 

2.009 

1.974 

2.008 

1.992 

2.088 

2.043 

2.108 

0.1999 

0.2058 

1.978 

2.028 

2.004 

2.165 

1.991 

2.122 

1.995 

2.129 

1.984 

2.077 

0.202 

0.2107 

2.046 

3.138 

1.99 

2.159 

1.982 

2.111 

1.983 

2.138 

1.961 

2.08 

0.2004 

0.2086 

2.033 

3.125 

7.09 

< 5.0 

85 

17 

164 

QC SUMMARY REPORT 

PQL 

0.01 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

0.002 

0.002 

0.01 

0.01 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

0.002 

0.002 

0.01 

0.01 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

0.002 

0.002 

0.01 

0.01 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

0.1 pH Units 

5 

5 

5 
10 

mg/L 

mg/L 

mg/L 

mg/L 

o;.,Rec 

98.3 

100 

98.7 

100 

99.6 

104 

102 

105 

99.9 

103 

98.9 

101 

100 

108 

99.5 

106 

98.8 

102 

97.7 

102 

99.3 

105 

101 

103 

99.5 

108 

99.1 

105 

98.2 

102 

96.6 

102 

98.5 

104 

100 

103 

0 

96.3 

0 

0 

%RPD 

0.702 

0.303 

0.416 

0.508 

0.6 

0.427 

1.13 

0.119 

0.775 

0.623 

0.42 

0 

6.06 

1.21 

2 



rJ 
SHERRYLaboratories 

Testing Today- Protecting Tomorrow w 

D 2203 S. Madison St., Muncie, IN 47302 

765-747-9000/800-874-3563 Fax 765-747-0228 

D 629 Washington St., Suite 300, Columbus, IN 47201 
812-375-0531 Fax 812-375-0731 

D 5738 Industrial Rd., Fort Wayne, IN 46825 
260-4 71-7000 Fax 260-4 71-7777 

Chain of Custo 
(Yl Project Name: 

I 8'tJf-o, 2 t_.J,trfiJI)(/~ · 
Contact Name: _£( tC£./1 JC£f}()Q 1r 

Phone/Fax: 

Project#: 

D 2417W. Pinhook Rd, LafayeHe, LA 70508 

337-235-0483/800-737-2378 

Fax 337-233·6540 1li 3445 S Sheridan, Tulsa, OK 74145 

918-828-99771800-324-5757 
Fax 918-828-7756 · 

Comments I 
Remarks 

11 vtU' l'f-UV 1' 1 1 ...--. · ..... .._,, 1 ~-<.. :;;;o~-·ra '"1 6 11 '1./ r '"r r ·I"' 1 1 f '}/ 0.11 5 

1'-Y"J011'«·->"' I I 1'"'"''-"ll->V#!m I R JL·'fl \lv,¥.1/ 1/-1./'-IP'I'\.1 l~,,t. 

1 1 -.,~~,v-f l',l·IJI I I Vtrlf!fllVILl' 1 '<-<t(. I 1,.........--- .,1''11 \1" IF'-1,. I/-1/T -~ I lflt)/j't,lji.:_('[f 

1'-rJU!Dli'""·V-' 1 1 1 I .1 Ft!' 1 !L'= ~ ... ·y 1 · 1 r1c- 1'"1 ""1- 'I", 1,. 1 14..>c(,;) I)J/ li.. 

I I I I I I I<' ... 1 I I I I I I I I I I l:J 1 /55'. { ht~' 
lc"Cc,\ o.-_rh[.J'r-c 

UPS I Fed Ex 
I Sherry 
!\tail 

All samples submitted to Sherry Laboratories for analysis are accepted on a custodial basis only. Ownership of the material I P.O. 
remains with the client submitting the samples. Sherry Laboratories reserves the right to return unused sample · 
Relinquished by: (SignaiUre) by: (Signature) 

Refinquished by: (Signature) Received by: fSignarurel 

Matrix Codes 
OW = Drinking Water MW = Monitoring Well 

Container Types 
G =Glass 

WW = Waste Water SL = Sludge P =Plastic 

Dare Time 

Dare Time 

Shipping Conditions 

DIced 
Temp. __ 
Ambient SO = Soil 0 Oil OT = Other ......, . 

nquished hy: (Signature) 

J•:o·rr 1 I ahnrarur• f'uJ•~· Part 2 · Uqmrl ('fiJI,\' l';1rl .l f'li•·nl's Te111r••rqry f'r.rr 

Dare: Time 

Thank-you for using SHERRY 
LABORATORIES 

;.,·.,q 1-
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if}. 

/ 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010347 

Cherryvale 

SHERRYLaboratories 
1l'111ng Toarty - PrOieL ong Tomorrow • 

Date Received: 1/29/2004 

Date Reported: 10-Feh-0~ 

Fax: (918)828-7756 

(800)324-5757 

Lab ID: T04010347-01 Collection Date: 1128/2004 5:30:00 PM Sample ID: Drum Creek 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 21212004 8:57:28 p 

Cadmium < 0.00100 0.00100 mg/L 2/2/2004 8:57:28 p 

Chromium 0.139 0.0100 mg/L 21212004 8:57:28 p 

Lead < 0.00500 0.00500 mg/L 2/2/2004 8:57:28 p 

Silver < 0.00200 0.00200 mg/L 21212004 8:57:28 p 

Zinc < 0.0100 0.0100 mg/L 21212004 8:57:28 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue, Non- 8.00 5.00 mg/L 21212004 3:45:00 p 
Filterable) 

Lab ID: T04010347-02 Collection Date: 1128/2004 5:30:00 PM Sample ID: Drum Creek 

Matrix: SOIL 
Detection Date 

Analvses Result Limit !J.!!lli Analvzed Analvst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury < 0.025 0.025 mg/Kg 21312004 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 26.9 0.500 mg/Kg 21212004 

Cadmium 15.7 0.250 mg/Kg 21212004 

Chromium 19.3 0.250 mg/Kg 21212004 
Lead 40.6 0.125 mg/Kg 21212004 
Zinc 960 2.50 mg/Kg 21212004 

PH IN SOIL SW9045C PB 
pH 6.61 0.10 pH Units 1/30/2004 10:58:0 

Ptrge I of I 

This document shnll not be reproduced. except in full, without the written appro\· a I of Sherry Laboratories, Inc. 



Sherry .Laboratories 
----· ·-=·:.-. ___ -··-==·=·· ============== 

CLIENT: 

Work Order: 

roject: 

TestCode 

HG_S 

HG_WW 

MET_S_ICP 

A & M Engineering 

T04010347 
Cherryvale 

Analyte 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Arsenic 

Cadmium 

Chromium 

lead 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

lead 

lead 

Zinc 

Zinc 

Arsenic 

Cadmium 

Chromium 

lead 

Zinc 

Arsenic 

Cadmium 

Chromium 

lead 

Zinc 

MET_WW_ICP Arsenic 

Cadmium 

Chromium 

lead 

Silver 

Zinc 

Arsenic 

Cadmium 

Chromium 

lead 

Silver 

Zinc 

Arsenic 

Cadmium 

Chromium 

lead 

Bate hiD 

R17390 

R17390 

R17390 

R17390 

R17380 

R17380 

R17380 

R17380 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

QCType 

MBlK 

lCS 

MS 

MSD 

MBlK 

lCS 

MS 

MSD 

MBlK 

MBlK 

MBlK 

MBlK 

MBlK 

lCS 

lCS 

lCS 

lCS 

lCS 

lCS 

lCS 

lCS 

lCS 

lCS 

MS 

MS 

MS 

MS 

MS 

MSD 

MSD 

MSD 

MSD 

MSD 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

ms 

ms 

ms 

ms 

Result 

< 0.025 

0.2482 

0.2389 

0.2618 

< 0.00010 

0.001057 

0.00099 

0.000993 

< 0.50 

< 0.25 

< 0.25 

< 0.12 

< 0.25 

1.893 

1.934 

1.951 

1.986 

2.132 

2.113 

1.916 

1.962 

1.959 

1.933 

48.55 

52.14 

60.91 

52.09 

423.5 

47.94 

51.42 

58.48 

51.42 

418.9 

< 0.0050 

< 0.0010 

< 0.010 

< 0.0050 

< 0.0020 

< 0.010 

1.933 

1.977 

2.289 

1.971 

0.1902 

1.971 

1.921 

1.942 

2.273 

1.864 

Date: 10-Feh-04 

QC SUMMARY REPORT 

PQL Units 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.0001 

0.0001 

0.0001 

0.0001 

0.5 

0.25 

0.25 

0.125 

0.25 

0.5 

0.5 

0.25 

0.25 

0.25 

0.25 

0.125 

0.125 

0.25 

0.25 

0.5 

0.25 

0.25 

0.125 

2.5 

0.5 

"0.25 

0.25 

0.125 

2.5 

0.005 

0.001 

0.01 

0.005 

0.002 

0.01 

0.005 

0.001 

0.01 

0.005 

0.002 

0.01 

0.005 

0.001 

0.01 

0.005 

mg/l 

mg/l 

mg/L 

mg/L 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/l 

mg/l 

mg/l 

mg/L 

mg/l 

mg/l 

mg/L 

mg/L 

mg/L 

mg/l 

mg/L 

mg/l 

mg/l 

mg/l 

mg/l 

mg/l 

%Rec 

99.3 

95.6 

105 

106 

99 

99.3 

94.6 

96.7 

97.6 

99.3 

107 

106 

95.8 

98.1 

98 

96.6 

97.1 

104 

99.4 

104 

82.6 

95.9 

103 

94.5 

103 

73.3 

96.6 

98.8 

114 

98.6 

95.1 

98.6 

96 

97.1 

92.3 

93.2 

%RPD 

9.15 

0.303 

2.14 

1.78 

0.895 

2.37 

1.34 

1.26 

1.39 

4.08 

1.29 

1.1 



-· .. --··- ---

CLIENT: A & M Engineering QC SUMMARY REPORT 
... Work Order: T04010347 

Project: Cherryvale 

I !StCode Annlyte BatchiD QCType Result PQL Units %Rec %RPD I 

Silver 1757 ms 0.1904 0.002 mgiL 95.2 

Zinc 1757 ms 2.09 0.01 mgiL 101 

Arsenic 1757 msd 1.952 0.005 mgiL 97.6 1.64 

Cadmium 1757 msd 1.963 0.001 mgiL 98.2 1.08 

Chromium 1757 msd 2.305 0.01 mgiL 93.8 1.39 

Lead 1757 msd 1.883 0.005 mgiL 94.2 1 01 

Silver 1757 msd 0.1937 0.002 mgiL 96.8 1.71 

Zinc 1757 msd 2.11 0.01 mgiL 102 0.934 

PH_S pH R17349 DUP 6.6 0.1 pH Units 0 0.151 

TSS Suspended Solids (Residue, Non-Fill R17387 MBLK < 5.0 5 mgiL 

Suspended Solids (Residue, Non-Fill R17387 LCS 94 5 mgiL 106 

Suspended Solids (Residue, Non-Filt R17387 DUP 54 5 mgiL 0 3.64 

Suspended Solids (Residue, Non-Fill R17387 DUP 78 10 mgiL 0 7.41 

( 

2 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Altay E11ugrul 
A & M Engineering 
100 10 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dl.!ar Altay Ertugrul: 

SHERRYLaboratories 
Tl'Sirng foa.•y- f'rolt•tUng lurrrorrtM' 

March 05. 2004 
Order No.: T040300 12 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 3 samples on 3/1/2004 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
ml!thodologies. Test reports meet all the NELAC requirements. All relevant sampling 
information is on the attached chain-of-custody form. The initials SUB as the analyst designate 
any testing sub-contracted by SLO. 

Ct!rtifications/Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited parameters is available upon request. If you have any questions 
rt:garding these tests results, please feel free to call. 

Sincerely. 

Approved By:--r ~--?";...._;:,...-----
~~an, Director 

Environmental Services 



6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lah Order: 

1•rojcct: 

A & M Engineering 

T04030012 

Cherryvale 

SHERRYLaboratories 
lt·stu1":1 TOllc1y - Prufl:'l ung h.JI'HOrtOV" .• 

Date Received: 3/1/2004 

Date Reported: U5-Mar-04 

Fax: (918)828-7756 

(800)324-5757 

. L<~b 10: T04030012-0t 

M:ttrix: AQUEOUS 

Collection Date: 3/1/2004 12:00:00 PM Sample 10: Low Water Crossing 

Detection Date 
Analvses Result Limit Units Anal~zcd Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 3/3/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 3/4/200412:51:53 

Cadmium < 0.00100 0.00100 mg/L 3/4/2004 12:51 :53 

Chromium < 0.0100 0.0100 mg/L 3/412004 12:51:53 

Lead < 0.00500 0.00500 mg/L 3/4/2004 12:51:53 

Silver < 0.00200 0.00200 mg/L 3/4/2004 12:51:53 

Zinc < 0.0100 0.0100 mg/L 3/4/2004 12:51:53 

Lab 10: T04030012-02 

Matrix: AQUEOUS 

Collection Date: 3/112004 12:10:00 PM Sample ID: Below Low Water Crossing 

Detection Date 
Analvses Result Limit Units Anal~zed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 3/3/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 3/4/2004 1:21:34 p 

Cadmium < 0.00100 0.00100 mg/L 3/4/2004 1 :21:34 p 
Chromium < 0.0100 0.0100 mg/L 3/4/2004 1 :21 :34 p 

Lead < 0.00500 0.00500 mg/L 3/4/2004 1:21:34 p 
Silver < 0.00200 0.00200 mg/L 3/4/2004 1:21:34 p 
Zinc < 0.0100 0.0100 mg/L 3/4/2004 1:21:34 p 

Page I of2 

This document shall not be reprullucell. ucept in run. without the written appru\·al or Sherry Laboratories. Inc. 
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6825·E 38th:Street 

T1,1lsa OK74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Pro jed: 

A & j\11 Engineering 

T040300t2 
Cherryvale 

SHERRYL.aboratories 

D~tte Receive~: 3J.I /2004 
Date· Reported: 05-Mar~Ol 

Fax: (918)828-7756 

(800)324-5757 

Lab II): T04030012-03 Collection Date: 3/Ii2004 :i:to:oo PM Sample ID: Downstream 

M:Hrix:. AQ.U EOUS 
Detection Date 

Analyses Result Limit Units Analyzed ,Analyst 

MERCURY IN WAJER, TOTAL E245.2 KR 
Mercury < 0;000100' 0.00.0100 mg/L 3/3/2004 

METALS IN WATERBY ICP, TOTAL E200.7 K~ 
Arsenic < 0.00500 0.00500 mg/L 3/4/2004 1:26:32 p 
Cadmium < 0.00100 0.00100 mg/L J/4/20041 :26:32 p 
Chromium < o:o.1oo 0.0100 mgiL J/4/2004 1:26:32 p 

Lead < 0.00500 0.00500 mg/L 3/4/2()04 1:26~32 p 
·Silver < o:oo2oo 0.00200 mg/L 3/4/2004 1 :26:32 p 
Zinc <: 0.0100 0,0100 mg/L 3/4/2004 1:26:32 p 

Ptrge 2 of2 
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Sherry Laboratories Date: 05-Mar-04 
... --·-----· ··--- ··-- ... ------

CLIENT: A & M Engineering QC SUMMARY REPORT 
Wurk Order: T04030012 

( ·uject: Cherryvale 
I~ 

Tl•stCode Analyte BatchiD QCType Result PQL Units 0/oRec %RPD 

HG_WW Mercury R17711 MBLK < 0.00010 0.0001 mg/L 

Mercury R17711 LCS 0.001029 0.0001 mg/L 103 
Mercury R17711 MS 0.001024 0.0001 mg/L 102 

Mercury R1771 1 MSD 0.001028 0.0001 mg/L 103 0.39 

met_ww_icpt Arsenic 1799 mblk < 0.0050 0.005 mg/L 

Cadmium 1799 mblk < 0.0010 0.001 mg/L 

Chromium 1799 mblk < 0.010 0.01 mg/L 

Lead 1799 mblk < 0.0050 0.005 mg/L 

Silver 1799 mblk < 0.0020 0.002 mg/L 

Zinc 1799 mblk < 0.010 0.01 mg/L 

Arsenic 1799 lcs 1.935 0.005 mg/L 96.8 

Cadmium 1799 lcs 2.066 0.001 mg/L 103 

Chromium 1799 lcs 1.963 0.01 mg/L 98.2 

Lead 1799 lcs 1.944 0.005 mg/L 97.2 

Silver 1799 lcs 0.1978 0.002 mg/L 98.9 

Zinc 1799 lcs 1.926 0.01 mg/L 96.3 

Arsenic 1799 ms 2.022 0.005 mg/L 101 

Cadmium 1799 ms 2.061 0.001 mg/L 103 

Chromium 1799 ms 1.962 0.01 mg/L 98.1 

Lead 1799 ms 1.872 0.005 mg/L 93.6 

Silver 1799 ms 0.1958 0.002 mg/L 97.9 

Zinc 1799 ms 1.941 0.01 mg/L 97 

Arsenic 1799 msd 2.015 0.005 mg/L 101 0.304 

Cadmium 1799 msd 2.06 0.001 mg/L 103 0.0674 

Chromium 1799 msd 1.964 0.01 mg/L 98.2 0.121 

Lead 1799 msd 1.874 0.005 mg/L 93.7 0.0889 

Silver 1799 msd 0.195 0.002 mg/L 97.5 0.417 

Zinc 1799 msd 1.933 0.01 mg/L 96.6 0.42 
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Table 1 b. Fonnulae for calculation of hardness-dependent aquatic life support criteria for chromium Ill 
and total cadmium, total copper. total lead, total nickel, total silver and total zinc and pHdependent 
aquatic life support criteria for pentachlorophenol. A WER value of 1 .0 is 
applied in the hardness-dependent equations for total metals unless a site-specific WER has 
been detennined and adopted by the department in accordance with K.A.R. 28-16-28e(a) 
and K.A.R. 28-16-28f(f). Hardness values in metal fonnulae are entered in units of mg/L as 
CaC03. Pentachlorophenol fonnulae apply only over the pH range 6.5-8.5. 

"Water-effect ratio (WER)" means the numerical toxicity (median lethal 
concentration or no-observed-effect level) of a chemical pollutant diluted in water from a given 
stream, lake, or wetland divided by the numerical toxicity of the same pollutant diluted in 
laboratory water. 

~8-16-28b. Definitions. 

(o) "Condition of acute toxicity" means any concentration of a toxic substance that 
exceeds the aRplica ble acute criterion for aquatic life support presented in K.AR. 28 -16-
28e or, for substances not listed in K.AR. 28 -16-28e or for mixtures of toxic substances, 
any concentration that exceeds 0.3 times the median lethal concentration. The 
concentration at which acute toxicity exists shall be determined through laboratory 
oxicity tests conducted in accordance with the United States environmental protection 
~gency's "methods for measuring the acute toxicity of effluents and receiving waters to 
~reshwater and marine organisms," fourth edition, as published in August 1993, which is 
!hereby adopted by reference. 

(p) "Condition of chronic toxicity" means any concentration of a toxic substance that 
exceeds the applicable chronic criterion for aquatic life support presented in K.AR. 28-
16-28e or, for substances not listed in K.AR. 28 -16-28e or for mixtures of toxic 
substances, any concentration that exceeds the no -observed-effect level. The 
~oncentration at which chronic toxicity exists shall be determined throug h laboratory 
oxicity tests conducted in accordance with the United States environmental protection 
~gency's "short-term methods for estimating the chronic toxicity of effluents and 
eceiving waters to freshwater organisms," third edition, as published in July 1994, which 

~s hereby adopted by reference. 

CADMIUM (ug/l): 
acute criterion= WER[EXP[(1.1280*(LN(hardness)))-3.6867]) 
chronic criterion= WER[EXP[(0.7852*(LN(hardness)))-2.715]] 

CHROMIUM Ill (ug/l): 
acute criterion= WER[EXP[(0.819*(LN(hardness)))+3.7256]) 
chronic criterion= WER[EXP[(0.819*(LN(hardness)))+0.6848]] 

LEAD (ug/l): 
acute criterion = WER[EXP[(1.273*(LN(hardness)))-1.460]] 
chronic criterion= WER[EXP[(1.273*(LN(hardness)))-4.705]) 

ZINC (ug/l): 
acute criterion= WER[EXP[(0.8473*(LN(hardness)))+0.884]) 
chronic criterion = WER[EXP[(0.8473*(LN(hardness)))+0.884]] 



TABLE 3 

Aquatic Life Support Criteria Calculations Based on K.A.R. 28-16-28 

-·--- ··-· -~---· ... - ... J ·- -·--· ------~ ---~ ==- -··- .. -·· =- - __ .. -:--=-----== .. = _r==__ _____________ _ 
Cadmium Chromium 

Sample io ·- · WER •.fardness (tJgtl) Acule-criiE!rion [Chronic Criterion-- ---- (tJgtL) · Acule-Criterion ---- - · ---- Chronic Criterion · 
~-02--1--- 2~-~ ---~ ;;1'EXP(.!_.128:(b~_1}}·3.6867)_ ~.f:gXP(Q,78~2~{lli(C4))-2.7~~L --~=~-~ =1~-~~_f'(o.~!E(L~(f~)l:!;3I256}= ~1'EXP(Q.819'l~(C4)l!Q,~~~) .. 
W7-D2 (!:i)__ .1_ ___ ~~Q__ __ _ __ =:!:~~!'_'(!:_128'l~{C5})-3.6867)_ "'.1~EXP(O. 785~~(~~.@))~2-71 ~) ·- ~? _ . _::1 ~~~f'(O.~ ~:(L~(f~))_"!l· ?~~~). _ :=1'EX.!'.'_(Q.~1~(~~(g_~))~Qc~~8) 
~~u~~ ____ !_ ___ ??!!__ _ _ ____ ::1:~~~C!:.1~!!~(~1-!_(g§)):3.6867L J:=1:~~!'_'(Q,I~~2'(~~(~):~,I_1!))_. 24 _ :::_1'~X_P(0.8l~'(L~(g§))~3.72~~) .. =1~g?<P(0.~19~(Lf'.I(C.6))+0.6848) 1N4-~1_.. 1 __ <<Q_ . --~1:~!"'!L!28'(L~if!llc!6867) I::!~~X.f(0.78~2:(~!'1jg_I))-2.71~) __ ;. ... ::1'~)(!'(0.8~'(L~(g?))~3.]~~) __ .:=1'E?<~(0.819'(~"'(g7)l+Q.6848) '.Y4-~! (H) 1 j 240 . 11.2 ;: ~~1'EX~(1.1 <S:!L~(C~)~~.~~~7) , •1'~Xr(o, <B~2'(lN(C8J)-<J1 ~) :96.1 •1'EXP(0.819'(L"{~~))• 3. 72~~) . •1 :~XP(0.819'(LN(C8))•0.6848) 
'.Y~~~~- _ . 1 .. _ ~~Q ___ . _____ =!:EX!:'(~J28:(LN(C9fr3.6867L_ i ::!:EXP(Q,7852'll!:!(~)-2.?1?L , _ _ .=:~·~~P(0.~1~'(L~jg~}).~3._7~!)~)_ ::1'EXP(Q .. ~1~'(L_N(g9))~0:_6~8). 
WB-93 (H) ~ _ ~~Q __ . I=1:~~!'.'P c128~ll!-!{g!Q}}:3.68~Z)_! =!:~~E(0.7852'(~1-!_(g!Q)}:2.7!~ ~~9_- =1'~~f'(0.819'(L~g10))+3. ~~~~)_ _::1'EXP(Q-~!~:(!J'!(g_!9))+Q.~~~)_ 
W9-D4 1 1 ~3Q .. . __ =!:~~U.,! 28'!!:N(C1 !})-3.686D ; =:1~~XP(O. 78s2:(L!"(C11 )~-71 ~) I- . _ =1'EXP(9-~19'(L~(f.!111+~. 7256 =1'EXP(0.8~9'(LN(C 11 })~0.684~-
W1 0-05 ; 1 1 ?~Q _ . i. _. .. = !:~~!'.'_( !-_128'll!IJ9~)l-:~.6867). ; =! 'EXP(Ql852 :(b!!(C 12)}-2. 7! !)}_, ___ . =1 =~~.f'(~l.~ 19'(L~12})+p256) = 1'EXP Q~! 9'(LN(C12))~_Q,6848)_ 

W15-D1Q. _ 1 . 220 . ___ . _ =1:_~~!'.'t!.-!28:(LN(C~)}-3.68~?1 i::!'EXP(Q.78~2'(~~(C14)}:1!~~) _. __ .::!~~_P(0.?_19'(~N(C14)l+~.725§)_ :::_1'EXP(Q.81~~JC14))+0.684~). 
W1~-9~- /1_ . ~~Q- --~- ___ ::!:~~!'_'(!~!28'(~~g~~)l-:~.6867) ;=!:~XP(0.78~?:(~~(C13)}-2.7!~)j ____ =1:~X_P(O.~~~(L~g13)}~~.7256)_ =1'EXP(Q,~~~(~!!(C13}).+0.6848}_ 

W15-D 10 (H) 11 220 ::: 1'f::XP(1.1 ~8'(L~(g1~))~~,6867)_ i ==._1'E~J:(Q:.~?.~2'(~.!'!_(g_!5)}:2.7! 5)_ ?~ _ =1'~X_P(0.?19'(LN{C15)J~}· 7256)_ =1'EXP(0.819'(LN(C15))+0.6~8)_ 
LWC-300 1 -----·--------------·-- -----·-

----- -1·-·------ --- ---. 

-· ·-----·1· -- ·---1---1----·---·-- ---1--·---
---·-·-·· -- . ·-·- -···· ... ·-· --· -··-·· ---·--·--·--···-----·--·-- -------- -- ··---·· -,- .. ····· ··- - -·-·---· .. ·······- ----· ·--. --· 

Lead · Zinc _ 
Sam pie io· - WER Hardness (tJg!L) Acuie Criterion · · -- Chroni.c Criterion - ·· · ·- · . (tJgiL) Acute Criterion · ·· · Chronic Criterion 
~-02 --~- .!__ ~40 --=~ --=-=-~ ~}"EXP(1,273:(~~JC22}}-1.46 ~!'EXPO .273;(~!i(C22})~4. 70~j ~ ~. . - . :;_:tfiP(0.84Z3'(~!!(C2?)l+o;~~f ;-! ~~XP(0.84 7J"(i.N(q22))+0.884) 
~ -~2 J!:i)__ 1 __ ~40. _ __ ___ :=!:~XP(!,2731_~~(C23})-_!,~§L _ =:.!~EXP(1.27~'(~~JC2~))-4. 70~). .... _ =..!:~~P(0.8'!Z3'(~!!(C2~))+0~~)_ =~ 'EXP(Q,84 7~'(LN(C23))+0.884) 
-~~uen!_ ___ 1 ___ ~?!! ____ 9.38 . .::J:E~!'.'.<.!1I;r(~~{C2~}}:~§L_. =:.!'EXP(1.27~'(~~(C24))~4.705) i:34 _ =~~~P(0.84I3'(~_~(~24))+0,~~) =!:~~~(Q,~73'(b_N(<;:24))+~.8?4) 
~~~~~ _____ !. ____ ~~Q___ __ _ =1 :gxP(!1I~:(~~C2~)}:1.46)__ =1'EXP(1.273'(LN(C25))~~-70!))_ -~~21_. =~:EXP(0.8'!Z3:(LN(C25))~0.8~)_ ::!~~X£(0.8473:(~"!(g~~))+~-~f!4) 
w4.q1 (H) 1 ~4o 35.8 =1:f::~~P-?Z~'(LN(g?~>r!~~~L =~:~~~<1.-27J'<L,..,(g~))-~.z.os) 1o?o =r~xP(o.e4I3'(L!'!<G~§)l+o.~~4l =~:~x~(Q-~73:<L.!'!(~?~))+Q.~84> 
IN~-~~ - .... ! ___ .?~Q .. ---- ---- ==.~~EXP(.!..,273'(~~C2Z)}-1.46L =1'EXP(1.273'(~~(C27))~4.70~)__ !~~ . =1·~~P(0.~473:(!J'!(C27))~0.8~ =! 'EXP(0.8473'(LN(C27))~Q.,8~)_ 
W~-g~ (H) _! _____ ~Q. ___ 25. !__ =:!:EX!'_'(!:273'(~~C28)~~~ =1:EXP(1.273:(L!'!(C28))-4.70~)_ !5.2 :=1'EXP(Q-~473'(LN{C28)):!:0.884 =1'EXP 0.8473' LN C2~)+0.884J. 
~l!:_D~---- 1 _ ~~Q __ __ =1'EXP(1.27~~!.J~~)}-1.46)_ =1'EXP(1.273'(!Ji(C2~))-4.70~) !~~-- _=1'EXP(Q-~73:(LN C29 +0.884 =1'EXP 0.8473' LN(C29))+0.884l_ 
"Y_10-D5 1 240 =1'EXP{1.273'{~N(C3Q} -1.46 =1'EXP 1.273'(!:!:!{C30))-4.70~)_ 54.4 . =1'EX!'_'.(Q..~73:(LN(C30))+0.884) =1'EXP(0.8473'(LN{C30)l:!:Q.,~-

~!~i>~--- 1 __ _?50 __________ .::!'EXP{!1I;r{~l:!(C3!)}-1.46 =1'EXP(1.273'(L~JC31))~4.70~)_ -· =1'EXP(Q.-~473'(LN{C31))+0.884)_ =1'EXP(0.8473'(L~(g~)+0.8~). 
~~ ?-~! Q . ·11 _ ?~O =! :~~~{1-?~:<L~g~?ll:~§)__ =:!~XP( 1.273'(L!'!(g~?))-~, IOS) _ ?O,_~ =J :~~P(0.84I3'(~!'!(C3~))+o.~~) __ ::! :ex!'_'(Q:.~73:tL_N(C3~))+Q,~~) 
~15-D 10 .{'::!}. _1 220 = 1'EXP( 1.273jLN{C33))-1.46} =1'EXP(1.273'(!,.!-_!(C33)}~4. 70~) ~0.5 __ =1'EXP(0.~4 73'(LN(C33))_:!:0.884 )_ = 1'EXP(0.8473'(LN(C33))!_Q.884 )_ 
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Sampling point Date Mercury 
1 6/24/03 0.038 
2 6/24/03 0.052 
3 6/24/03 0.18 
4 6/24/03 0.086 
5~ 6/24/03 0.13 

. 
·'· ,. ,, 

6' 6/24/03 0.099 
7 6/24/03 0.12 
8 6/24/03 0.1 

• :~.~ JC .. .. 
"'· •' .. '·, . .. 
9 6/24/03 0.046 

10 6/24/03 0.051 

11 1/30/04 BDL 

Note: Parameters are in mg/L 

Table 2 
Sediment Analytical Data 

Drum Creek 

Arsenic Cadmium Chromium 
2.3 1.8 8.68 
1.81 1.7 8.2 
3.17 2.55 9.7 
7.16 4.63 13.9 

. 30.7 '.430 14 . 1 
,. 

·~ :1,' . ,. "-~ .] . '·"'" .. 
11.4 90.4 .. .. 11.7 
13.9 73 -13.5 

·8.84 71.1 . : 18.6 
~ ?>-1 

... 
'·' -·~·,, '"<:{. ? ,, >'~· I ~ '<'"o} 

1.66 1.77 8.86 

18.5 14.3 11.6 

6.76 2.99 14.6 

Lead Zinc Sampling location 
8.87 49.9 S15-D8 
16 81.2 S14-D7 

24.5 94.6 S14-D6 
20.6 78.8 510-02 
473 10,300. <eo~fluence>;.,~;::_; . ., " 

. <,8('~01 ). . .. ··. •'"' 

144 : e' 3,680' 811-03 "';;' "'::-": 

223 5,950 812-04 
·,· 

109 1,520~; 300' down11ti-eam from_.~, : 
• · 5113:..05 · ;. '~;f' · ' < 

10.1 49.6 Main Street bridge 

516-09 
48.2 517 Low water crossing 

517-010" 
9.73 24.9 300' below low water 

.. crossing 



Sediment Sample Descriptions -Unnamed Creek 

Sl: 

Sampled on the National Zinc Site (project site) about 300' east of the western property 
line. The area was open and somewhat dry. The sediment area is I 0' wide and 4" deep. 
The sediment was a tannish brown color with some silt and sand type gravel. 

S2: 

Sampled along the edge of the project site about I 00' east of the western property line. 
At this point, unnamed creek is narrow and turns south and has varying pockets of 
sediment. There is a small tributary that connects from the north. The sample was taken 
east of the intersection point to prevent influence from tributary. Trees surrounded the 
area and the soil was moist. The sediment area is 6' wide and 16" deep. The sediment 
was dark in color with intermixed river sand the size of gravel at the point of 
accumulation. 

S3: 

Sampled on the project site about 650' south ofS2 near MW3 along the western property 
line in the unnamed creek. The sediment area is 8' wide and 10" deep. Water was 
present at the sampling point so W 1 was collected at the same point. Dense grass and 
cattails present where canopy was open. Wherever vegetation is present, sediments have 
washed clean from those areas. The drainage pipe originates from the flatlands of the 
site. The sediment was brown with very little gravel, more like silt. 

Photo 1: Drainage pipe and area where sediment and water were sampled. 
Photo 2: Slate rock that covers much of the creek between S3 and S4. 

S4: 

Sampled on the project site about 500' south ofS3 near MW2 along the western property 
line in the unnamed creek. Water was present at the sampling point so W2 was collected 
at the same point. Trees covered the area and it was a low point where water had 
collected. Near this point, the creek turns and starts going west off of the project site and 
towards Highway 169. The sediment area is 16' wide and 2" deep. Area north of the 
sample point is heavy with cattails and the sample point is mainly dark silt with some 
gravel. 

Photo 2: Slate rock that covers much of the creek between S3 and S4. 
Photo 3: Looking west towards Highway 169 from MW2 near S4. 
Photo 4: Looking east towards project site from Highway 169. S4 is located near the 
clearing in the tree line near the left-center portion of the photo. 



S22: 

Sampled along unnamed creek between the project site and Highway 169. The sample 
point was about 400' west of the western property line. Trees lined the creek at this point 
and there was standing water where W17 was collected. The creek had fairly heavy silt 
and dense grass and cattail vegetation. The sediment area is 8' wide and 8" deep. The 
sediment was mainly dark silt. 

Photo 4: Looking east towards project site from Highway 169. S22 is located in the dry 
streambed seen in the top-right portion of the photo. 

S5: 

Sampled along unnamed creek between the project site and Highway 169 about 950' 
west of the western property line. The area has a shallow streambed with a rocky slate 
bottom and mixed vegetation. There is very little sediment and the sample collected was 
from a thin top layer. The sediment area is 20' wide and 1" deep. 

Photo 4: Looking east towards project site from Highway 169. S22 is located in the dry 
streambed seen in the top-right portion of the photo. 

S6: 

Sampled on the west side of Highway 169 about 400' east ofSunnyslope Drive along 
unnamed creek. The sample was taken from the shallow streambed populated with 
mixed grasses and heavy in silt with little sediment. The creek is lined with hayfields on 
both sides and has standing water in many places because of equipment running down 
and making deep ruts. The sediment area is 15' wide and 1" deep. W3 was collected 
from this same area. 

Photo 5: Looking west along unnamed creek towards Sunnyslope Drive from Highway 
169. S6 is located in the center of the streambed. 

S19: 

Sampled along unnamed creek about 550' west of Sunnyslope Drive. The sample point 
is surrounded by very dense vegetation. The portion of the creek leading up to this point 
is mostly slate rock but at the sample point, the creek begins to include sediment. The 
sediment area is 12' wide and 2" deep. 

SIS: 

Sampled along unnamed creek about 250' east of the Martin Street culvert. This area has 
very heavy sediments and brackish water in many places. The sediment was estimated as 
12' across and at least 16" deep near this point. The vegetation is dense and there are 



many aquatic creatures in this area. Gray colored buildup was noted on top of the 
organic matter in this stretch of the creek. The water has to be 3' deep to reach the 
culvert opening. The sediment was mixed gravel with silt, dark in color with some gray 
mix. Wl6 was collected at this sample point. 

Photo 6: Looking northeast from Martin Street culvert up the unnamed creek. S 18 is 
located near the top portion of the photo obscured by foliage. 
Photo 7: Located right at the northeast base of the Martin Street culvert. Water must 
reach about 3' to flow through the drainage pipe. 

S9: 

Sampled along unnamed creek about 100' west of the Martin Street culvert. The sample 
area was estimated to have sediment that was 16' wide and 6" deep. The area was a lot 
drier than the previous portion of the creek due to the culvert. Dense vegetation was 
present in the area. W6 was collected at this sample point. 

Photo 8: Looking southwest from Martin Street culvert down the unnamed creek. S9 is 
located near the top-center portion of the photo obscured by foliage. 
Photo 9: Located between S8 and S9, this area is where a water line has been added. 

S8: 

Sampled about 600' east of the intersection point between unnamed creek and Drum 
creek. The creek deepens and widens considerably in this stretch and has mostly 
standing water. The vegetation is dense in the area. There is heavy sediment near the 
sample point with estimates of sediment as 14' wide and 8" deep. This portion of the 
creek from the Martin Street Culvert downstream to Drum Creek is all brick red brownish 
sediment. WS was collected at this sample point. 

Photo 9: Located between S8 and S9, this area is where a water line has been added. 
Photo 10: Sediment piles that are typical of the turns along unnamed creek between 
Martin Street culvert and the end of unnamed creek. 

S7-D1: 

Sampled within 50' east of Drum creek along unnamed creek at about the intersection 
point. This area is very heavy in sediment with an estimated 12' width and 24" depth. 
The vegetation is dense in the area. W4-D l was collected at this point. 



Sediment Sample Descriptions- Drum Creek 

s l5-D8: 

Sampled within 50' south of the new bridge. The county had disturbed the area during 
the installation of the new bridge although the amount of disturbance is uncertain. The 
creek is very wide and deep with steep sides. The area is relatively free of vegetation 
because ofthe construction although the rest of the creek is full of vegetation. Wl3-D8 
was collected at this point. 

Photo 11 : Looking south down Drum creek from the new bridge located on the county 
road. S 15-D8 is located to the bottom-right outside the scope of the photo. 

Sl4-D7: 

Sampled about 750' south of the county road at a major bend in Drum creek. Vegetation 
is present but not dense and the sides are steep with deep water in the creek. Wl2-D7 
was collected at this point. 

Sl4-D6: 

Sampled along Drum creek about 1350' south of the county road. The creek conditions 
remain relatively constant at this point with moderate vegetation, steep banks, and deep 
water. Wl1-D6 was collected at this point. 

\, ___ ) Photo 12: Looking north along Drum creek from SIO-D2 towards Sl4-D6. Sl4-D6 is 
farther upstream and is not visible in the photo. 

Sl0-D2: 

Sampled along Drum creek about 2100' south of the county road. The creek has 
moderate vegetation at this point. The sample area has shallow water and sediment piles. 
W7-D2 was collected at this point. 

Photo 12: Looking north along Drum creek from Sl0-D2 towards S14-D6. 
Photo 13: Looking west at the feeder creek. Sl0-D2 is located below scope of the photo. 
Photo 14: Silt shelflocated in the sampling area. S 1 O-D2 was taken near in the vicinity 
of the silt shelf. Note fish in water. 

s ll-D3: 

Sampled along Drum creek within 50' south of the intersection with unnamed creek. The 
sediment is very deep at this point while the creek is still wide with steep banks. The 
vegetation is moderate. W8-D3 was collected at this point. 

Sl2-D4: 
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Sampled along Drum creek about I 00' south of the intersection with unnamed creek. 
The sediment is very deep at this point while the creek is still wide with steep banks. The 
vegetation is moderate. W9-D4 was collected at this point. 

Sl3-05: 

Sampled along Drum creek about 250' south of the intersection with unnamed creek. 
The creek is wide at this point but less than 4' deep. The vegetation remains moderate. 
WI0-05 was collected at this point. 

S16-D9: 

Sampled along Drum creek south of the next bridge crossing for the county road about 1 
mile south of the first bridge (S 15-08). There is moderate vegetation, steep sides, and 
deep water in the sample area. W I4-09 was collected at this point. 

Photo I5: Looking south along Drum creek from the second county road bridge. S16-D9 
is located on the left bank of the creek on the left side of the photo obscured by foliage. 

Sl7-Dl0: 

Sampled along Drum creek at a low water crossing for the county road about I mile south 
ofthe second bridge (SI6-D9). The water was no more than 6" above the crossing. The 
actual streambed is populated with vegetation and some sediment. W15-D10 was 
collected at this point. 

Photo 16: Looking east across low water crossing on the third county road. S 1 7-D I 0 
was sampled from the streambed near the right edge of the low water crossing. 
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S~diment'Sample Description- Background 

S20.-aGI: 

Sampled within 100' ofthe northwest comer of the project site qn the ~outh si<;le of the 
c.ountry road in a di.tch area that fed into a drain. The .area was relatively dry and 
surrounded by grass. 

Ph()to 11: Ditch area on the south side of the country road. S2Q-B.G I can be seen in the. 
bottom-right portion of the photo. 

S21-BG2: 

Sampled about 150' south of the railroad tracks. on the westside ofHighway l"o9 ina 
ditch just east ofan area ofGattails. The sample point was 1-00' south ofthe gas line to 
stay· away from groung disturbance; The area was moist a:nd surrounded .l:>y .grass. 

Phqto 18: .Looking north towards tailroad tracks along Highway 169. S2l-BG2 is 
located in the low area between the highway (Uld ·<:;attails. 

The quantity of sediment.to be removed from Unnamed. Creek was 2;444 cubic yards. 
The heaviest sediment accumulations were located in the areas where Unnamed Creek 
had slight bends·and turns. Th(!amO\lnt ofsediments to be:removed were measured ih 
the.field. 
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Water Sample Descriptions- Unnamed Creek 

W1: 

Sampled on the project site about 650' south of the county road. Located near MW3 
along the western property line in the unnamed creek. The sediment in this area is 8' 
wide and I 0" deep. The water was collected from the pool in Photo I. Dense grass and 
cattails present where canopy was open. The drainage pipe originates from the flatlands 
of the site. S3 was collected at this point. 

Photo I: Drainage pipe and area where sediment and water were sampled. 
Photo 2: Slate rock that covers much of the creek between WI and W2. 

W2: 

Sampled on the project site about 500' south of WI near MW2 along the western 
property line in the unnamed creek. Trees covered the area and it was a low point where 
water had collected. Near this point, the creek turns and starts going west off of the 
project site and towards Highway 169. The sediment in the area is 16' wide and 2" deep. 
S4 was collected in this area. 

Photo 2: Slate rock that covers much of the creek between WI and W2. 
Photo 3: Looking west towards Highway 169 from MW2 near W2. 
Photo 4: Looking east towards project site from Highway 169. W2 is located near the 
clearing in the tree line near the left-center portion of the photo. 

W17: 

Sampled along unnamed creek between the project site and Highway 169. The sample 
point was about 400' west of the western property line. Trees lined the creek at this point 
and there was standing water where W17 was collected. The creek had fairly heavy silt 
and dense grass and cattail vegetation. The sediment in the area is 8' wide and 8" deep. 
S22 was collected at this sample point. 

Photo 4: Looking east towards project site from Highway 169. W17 is located in the dry 
streambed seen in the top-right portion of the photo. 

W3: 

Sampled on the west side ofHighway 169 about 400' east ofSunnyslope Drive along 
unnamed creek. The sample was taken from the shallow streambed populated with 
mixed grasses and heavy in silt with little sediment. The creek is lined with hayfields on 
both sides and has standing water in many places because of equipment running down 
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and making deep ruts. The sediment area is I 5' wide and 1 ''deep. S6 was collected 
from this same area. 

Photo 5: Looking west along unnamed creek towards Sunnyslope Drive from Highway 
169. W3 is located in the center of the streambed. 

W16: 

Sampled along unnamed creek about 250' east of the Martin Street culvert. This area has 
very heavy sediments and brackish water in many places. The sediment was estimated as 
12' across and at least 16" deep near this point. The vegetation is dense and there are 
many aquatic creatures in this area. Gray colored buildup was noted on top of the 
organic matter in this stretch of the creek. The water has to be 3' deep to reach the 
culvert opening. S 18 was collected at this sample point. 

Photo 6: Looking northeast from Martin Street culvert up the unnamed creek. W16 is 
located near the top portion of the photo obscured by foliage. 
Photo 7: Located right at the northeast base of the Martin Street culvert. Water must 
reach about 3' to flow through the drainage pipe. 

W6: 

Sampled along unnamed creek about 100' west of the Martin Street culvert. The sample 
area was estimated to have sediment that was 16' wide and 6" deep. The area was a lot 
drier than the previous portion of the creek due to the culvert. Dense vegetation was 
present in the area. S9 was collected at this sample point. 

Photo 8: Looking southwest from Martin Street culvert down the unnamed creek. W6 is 
located near the top-center portion of the photo obscured by foliage. 
Photo 9: Located between WS and W6, this area is where a water line has been added. 

WS: 

Sampled about 600' east of the intersection point between unnamed creek and Drum 
creek. The creek deepens and widens considerably in this stretch and has mostly 
standing water. The vegetation is dense in the area. There is heavy sediment near the 
sample point with estimates of sediment as 14' wide and 8" deep. S8 was collected at 
this sample point. 

Photo 9: Located between WS and W6, this area is where a water line has been added. 
Photo 10: Sediment piles that are typical of the turns along unnamed creek between 
Martin Street culvert and the end of unnamed creek. 

W4-D1: 
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:Sampled within 50' east ofDrum creek along unnam·ed creek at about the intersection 
point. This area is. very heavy in sediment with ah estimated 12' width and 24" depth. 
The vegetation is dense:in the area. S7-Dl was collected at this· point. 



Water Sample Descriptions -Drum Creek 

W13-08: 

Sampled within 50' south of the new bridge. The county had disturbed the area during 
the installation of the new bridge although the amount of disturbance is uncertain. The 
creek is very wide and deep with steep sides. The area is relatively free of vegetation 
because ofthe construction although the rest ofthe creek is full ofvegetation. SlS-08 
was collected at this point. 

Photo 1 1 : Looking south down Drum creek from the new bridge located on the county 
road. W 13-08 is located to the bottom-right outside the scope of the photo. 

Wl2-D7: 

Sampled about 750' south of the county road at a major bend in Drum creek. Vegetation 
is present but not dense and the sides are steep with deep water in the creek. S 14-D7 was 
collected at this point. 

Wl1-D6: 

Sampled along Drum creek about 1350' south ofthe county road. The creek conditions 
remain relatively constant at this point with moderate vegetation, steep banks, and deep 
water. S 14-D6 was collected at this point. 

Photo 12: Looking north along Drum creek from W7-D2 towards W11-D6. W11-D6 is 
farther upstream and is not visible in the photo. 

W7-D2: 

Sampled along Drum creek about 2100' south of the county road. The creek has 
moderate vegetation at this point. The sample area has shallow water and sediment piles. 
S 1 0-02 was collected at this point. 

Photo 12: Looking north along Drum creek from W7-D2 towards W11-D6. 
Photo 13: Looking west at the feeder creek. W7-D2 is located below scope of the photo. 
Photo 14: Silt shelf located in the sampling area. W7-D2 was taken near in the vicinity 
of the silt shelf. Note fish in water. 

W8-D3: 

Sampled along Drum creek within 50' south of the intersection with unnamed creek. The 
sediment is very deep at this point while the creek is still wide with steep banks. The 
vegetation is moderate. S 11-03 was collected at this point. 

W9-D4: 
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Sampled along Drum creek about I 00' south of the intersection with unnamed creek. 
The sediment is very deep at this point while the creek is still wide with steep banks. The 
vegetation is moderate. S 12-D4 was collected at this point. 

WI O-DS: 

Sampled along Drum creek about 250' south of the intersection with unnamed creek. 
The creek is wide at this point but less than 4' deep. The vegetation remains moderate. 
S 13-D5 was collected at this point. 

WI4-D9: 

Sampled along Drum creek south of the next bridge crossing for the county road about l 
mile south of the first bridge (Wl3-D8). There is moderate vegetation, steep sides, and 
deep water in the sample area. S 16-D9 was collected at this point. 

Photo 15: Looking south along Drum creek from the second county road bridge. S 16-D9 
is located on the left bank of the creek on the left side of the photo obscured by foliage. 

Wl5-Dl0: 

Sampled along Drum creek at a low water crossing for the county road about I mile south 
of the second bridge (Wl4-D9). The water was no more than 6" above the crossing. The 
actual streambed is populated with vegetation and some sediment. S 17-D 1 0 was 
collected at this point. 

Photo 16: Looking east across low water crossing on the third county road. W15-DIO 
was sampled from the streambed near the right edge of the low water crossing. 



#1 

Drainage pipe and area where S3 and W1 were sampled. 

#2 

( 

Slate rock that covers much of the creek between S3 and S4. 



Looking west towards Highway 169 from MW2 near S4. 

Looking east towards project site from Highway 169. S4 is located near the clearing in 
the tree line at the back . S22 and S5 are located in the c reek visible on the right . 

#3 

#4 



looking west along unnamed creek towards Sunnyslope Drive from Highway 169. 56 is 
located in the center of the creek. 

#5 
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Looking northeast from Martin Street culvert up the unnamed creek. S 18 is located near 
the top of the photo but obscured by foliage . 

# 6 



located right at the northeast base of the Martin Street culvert . Water must reach 
about 3' to flow through the drainage pipe. 

#7 
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Looking southwest from Martin Street culvert down the unnamed creek. 59 is located 
near the top of the photo but obscured by foliage . 

# 8 



Located between S8 and S9, this area is where a water line has been added . 

Sediment piles that are typical of the turns along unnamed creek between 
Martin Street culvert and the end of unnamed creek . 

# 9 

#10 



Looking south down Drum creek from the new bridge located on the county road. S 15 is 
located to the bottom-right outside the scope of the photo. 

Looking north along Drum creek from S 1 O-D2 towards S 14-D6. 

#11 

#1 2 
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Looking west at the feeder creek . S10-D2 is located below scope of the photo. 

Silt shelf located in the sampling area. S10-D2 was taken near in the vicinity of the silt 
shelf. Note fish in water. 

#13 

#14 



Looking south along Drum creek from the second county road bridge. 516 is located on 
the left bank of the creek but obscured by foliage. 

Looking east across low water crossing on the third county road. 517 was sampled in 
the streambed near the right edge of the low water crossing. 

#15 

#16 
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Ditch area on the south side of the county road. S20-BG1 can be seen in the bottom
right portion of the photo. 
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Looking north towards railroad tracks along Highway 169. 
S21-BG2 is located in the low area between the highway and cattails. 

#17 

#18 
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6825 E 38th Street 

Tulsa OK 74145 

' (918)828-9977 

Altay Ertugrul 
A & M Engineering 
100lOE.l6thSt. 
Tulsa, OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale Soils 

Dear Altay Ertugrul: 

SHERRYLaboratories 
Testing Today - Protecting Tomorrow w 

June 05, 2003 
Order No.: T03050336 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 25 samples on 5/30/03 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. All relevant sampling information is on the attached chain-of-custody form. 
The initials SUB as the analyst designate any testing sub-contracted by SLO. 

Certifications/Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited parameters is available upon request. 

If you have any questions regarding these tests results, please feel free to call. 

Sincerely. 

Tom Gilroy 

Approved By: 

an Duzan, Director 
Environmental Services 
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SHERRYLaboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Testing Today- Protecting Tomorrow~ 
Fax: (918)828-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03050336 

Cherryvale Soils 

Lab ID: T03050336-01 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 3.53 

Cadmium 6.42 

Lead 95.3 

Lab ID: T03050336-02 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 5.23 

Cadmium 7.17 

Lead 101 

Lab ID: T03050336-03 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 41.3 

Cadmium 19.6 

Lead 1,050 

Lab ID: T03050336-04 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 9.19 

Cadmium 15.8 

Lead 529 

Date Received: 5/30/03 

Date Reported: 05-Jun-03 

Sample ID: EPARIIA 

Detection Date 
LimH Units Anall:zed 

0.500 mg/Kg 6/2/03 
0.250 mg/Kg 6/2/03 

1.25 mg/Kg 6/2/03 

Sample ID: EPAR15A 

Detection Date 
Limit Units Anall:zed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg 6/2/03 

0.125 mg/Kg 6/2/03 

Sample ID: EPAR18A 

Detection Date 
Limit Units Anall:zed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg 6/2103 

1.25 mg/Kg 6/2103 

Sample ID: EPAR20A 

Detection Date 
Limit Units Anall:zed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg 6/2/03 

1.25 mg/Kg 6/2/03 

Page I of7 

This document shall not be reproduced, except in full, without the written approval of Sherry Laboratories, Inc. 
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SHERRYL.aboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Testing Today- Protecting Tomorrow~ 
Fax: (918)828-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03050336 

Cherryvale Soils 

Lab I D: T03050336-05 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 5.89 

Cadmium 12.5 

Lead 227 

Lab ID: T03050336-06 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 6.10 

Cadmium 12.7 

Lead 226 

Lab ID: T03050336-07 Collection Date: S/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 6.57 

Cadmium 14.3 

Lead 289 

Lab ID: T03050336-08 Collection Date: S/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 4.14 

Cadmium 12.7 

Lead 270 

Date Received: 5/30/03 

Date Reported: 05-Jun-03 

Sample ID: EPARI9A 

Detection Date 
Limit Units Anal1:zed 

0.500 mg/Kg 612103 

0.250 mg/Kg 612103 

1.25 mg/Kg 612103 

Sample ID: EPAR16A 

Detection Date 
Limit Units Anal1:zed 

0.500 mg/Kg 612103 

0.250 mg/Kg 612103 

1.25 mg/Kg 612103 

Sample ID: EPAR09A 

Detection Date 
Limit Units Anal1:zed 

0.500 mg/Kg 612103 

0.250 mg/Kg 612103 

1.25 mg/Kg 612103 

Sample ID: EPAR03A 

Detection Date 
Limit Units Anal1:zed 

0.500 mg/Kg 612103 

0.250 mg/Kg . 612103 

1.25 mg/Kg 612103 
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SHERRYL.aboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Testing Today- Protecting Tomorroww 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03050336 

Cherryvale Soils 

Lab I D: T03050336-09 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 4.97 

Cadmium 10.3 

Lead 198 

Lab ID: T03050336-IO Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 3.75 

Cadmium 5.89 

Lead 108 

Lab ID: T03050336-ll Collection Date: 5128/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 5.86 

Cadmium 10.7 

Lead 215 

Lab ID: T03050336-12 Collection Date: 5128/03 

Matrix SOIL 

Date Received: 5/30/03 

Date Reported: 05-.Jun-03 

Sample ID: EPARIA 

Detection Date 
Limit Units Anall:zed 

0.500 mg/Kg 6/2103 

0.250 mg/Kg. 6/2103 

0.125 mg/Kg 6/2/03 

Sample ID: EPAR2A 

Detection Date 
Limit Units Anall:zed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg 6/2/03 

0.125 mg/Kg 6/2/03 

Sample ID: EPAR5A 

Detection Date 
Limit Units Anall:zed 

0.500 mg/Kg 6/2103 

0.250 mg/Kg 6/2103 

0.125 mg/Kg 6/2103 

Sample ID: EPAR7 A 

Detection Date 

Fax: (918)828-7756 

(800)324-5757 

Anall:st 

sw 

Anall:st 

sw 

Anall:st 

sw 

Analyses Result Limit Units Anall:zed Anall:st 

METALS IN SOIL OR SLUDGE BY ICP SW6010A sw 
Arsenic 5.33 0.500 mg/Kg 6/2/03 

Cadmium 11.7 0.250 mg/Kg 6/2/03 

Lead 414 1.25 mg/Kg 6/2/03 
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SHERRYLaboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-99n 

Testing Today - Protecting Tomorrow~ Fax: (918)828-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03050336 

Cherryvale Soils 

Lab ID: T03050336-13 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 4.72 

Cadmium 7.25 

Lead 169 

Lab ID: T03050336-14 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 5. 76 

Cadmium 4.18 
. ) Lead 49.8 

Lab ID: T03050336-15 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 4.39 

Cadmium 6.81 

Lead 177 

Lab ID: T03050336-16 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 9.82 

Cadmium 22.3 

Lead 569 

Date Received: 5/30/03 

Date Reported: 05-Jzm-03 

Sample ID: EPARIOA 

Detection 
Limit 

0.500 

Units 

mg/Kg 

0.250 mg/Kg 

0.125 mg/Kg 

Sample ID: EPARI3A 

Detection 
Limit 

0.500 

Units 

mg/Kg 

0.250 mg/Kg 

0.125 mg/Kg 

Sample ID: EPAR06A 

Detection 
Limit Units 

0.500 mg/Kg 

0.250 mg/Kg 

0.125 mg/Kg 

Sample ID: EPAR06B 

Detection 
Limit Units 

0.500 mg/Kg 

0.250 mg/Kg 

1.25 mg/Kg 

Date 
Analyzed 

6/2103 

6/2103 

6/2103 

Date 
Analyzed 

6/2103 

6/2103 

6/2103 

Date 
Anall:zed 

6/2103 

6/2/03 

6/2103 

Date 
Anall:zed 

6/2/03 

. 6/2103 

6/2/03 
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SHERRYL.aboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Testing Today - Protecting Tomorrow~ 
Fax: (918)828-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03050336 

Cherryvale Soils 

Lab ID: T03050336-17 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 4.84 

Cadmium 7.09 

Lead 155 

Lab ID: T03050336-18 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 7.20 

Cadmium 9.84 

Lead 210 

Lab ID: T03050336-19 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 5.40 

Cadmium 10.3 

Lead 221 

Lab ID: T03050336-20 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 5.15 

Cadmium 35.2 

Lead 160 

Date Received: 5/30/03 

Date Reported: 05-Jun-03 

Sample ID: EPAR04A 

Detection Date 
Limit Units Analyzed 

0.500 mg/Kg 6/2/03 
0.250 mg/Kg 6/2/03 
0.125 mg/Kg 6/2/03 

Sample ID: EPAR04B 

Detection Date 
Limit Units Analyzed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg 6/2/03 
1.25 mg/Kg 6/2/03 

Sample ID: EPAR08A 

Detection Date 
Limit Units Analyzed 

0.500 mg/Kg 6/2/03 
0.250 mg/Kg 6/2/03 
0.125 mg/Kg 6/2/03 

Sample ID: EPAR08B 

Detection Date 
Limit Units Analyzed 

0.500 mg/Kg 6/2/03 
0.250 mg/Kg 6/2/03 
0.125 mg/Kg 6/2/03 
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SHERRYL..aboratories 
6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Testing Today- Protecting Tomorroww 
Fax: (918)828-7756 

(800)324-5757 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03050336 
Cherryvale Soils 

Lab ID: T03050336-21 Collection Date: 5/28/03 

Matrix SOIL 

Analyses 

METALS IN SOIL OR SLUDGE BY ICP 
Arsenic 

Cadmium 

Lead 

Result 

5.65 

11.4 

241 

SW6010A 

Lab ID: T03050336-22 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 12.7 

Cadmium 35.3 

Lead 707 

Lab ID: T03050336-23 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 8.17 

Cadmium 18.8 

Lead 575 

Lab ID: T03050336-24 Collection Date: 5/28/03 

Matrix SOIL 

Analyses Result 

METALS IN SOIL OR SLUDGE BY ICP SW6010A 
Arsenic 7.11 

Cadmium 17.4 

Lead 243 

Date Received: 5/30/03 

Date Reported: 05-Jun-03 

Sample ID: EPAR12A 

Detection Date 
Limi~ Units Anal~zed 

0.500 mg/Kg 6/2103 

0.250 mg/Kg 6/2103 

0.125 mg/Kg 6/2103 

Sample ID: EPAR17A 

Detection Date 
Limit Units Anal~zed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg 6/2103 

1.25 mg/Kg 6/2/03 

Sample ID: EPAR14A 

Detection Date 
Limit Units Anal~zed 

0.500 mg/Kg 6/2103 

0.250 mg/Kg 6/2103 

1.25 mg/Kg 6/2103 

Sample ID: EPAR148 

Detection Date 
Limit Units Anal~zed 

0.500 mg/Kg 6/2/03 

0.250 mg/Kg . 6/2/03 

1.25 mg/Kg 6/2103 
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6B25 E 38th Street 

Tulsa,oK 74145 

(918)828-9977 

CLIENT: 

Lab 0rder: 

Project: 

A & M Engineering 

T03050336 
Cherryvale Soils 

SHERRYl.aboratories 
Iesting Today- Protecting Tomorrow w 

Date Received: 5/30/03 

Date Reported: 05-Jzt"n-03 

Lab ID: T03050J36-25 .Collection Date: 5/28/03 Sample ID: Equipment Blank 

Matrix AQUEOUS 

Analyses 

METALS INWATER BY ICP, TOTAL 
Arsenic 
.Cadmium 

Lead 

Result 

<(),00500 
<0.00100 
<0.00500 

Detection Date 
Limit Units Anall:zed 

E200.7 
0.00500 mg/L 6/3/03 
0.00100 mg/L 6/3/03 
0.00500 mg/L 6i3/03 
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Cherryvale, Montgomery County, Kansas 
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& Environment 
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United States Steel Corporation 
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INTRODUCTION 

'---/ This analytical report presents a summary of the sediment and water quality samples collected 

by the Respondents (U.S. Steel Corporation and Salomon Smith Barney Holdings, Inc.) and 

their consultant, A & M Engineering and Environmental Services, Inc. (A & M Engineering) 

at three different times from Drum Creek in the vicinity of the former National Zinc site, 

Cherryvale, Kansas. 

( 

The three sampling events referenced above are: 

1. The sediment and water quality sampling conducted by A & M Engineering during June 

24, 25 and 261h of 2003. The objective of this sampling event was to comply with the 

Phase II Work Plan pursuant to Kansas Department of Health and Environment's 

(KDHE) Consent Order No. 03-E-0022 (Consent Order). The analytical data resulting 

from this sampling event was provided to KDHE in the report titled "Analytical Report 

Surface Water Sediment and EPA Repository Soil Sampling" (Analytical Report) which 

was dated October 2003. 

2. The sediment and water quality sampling conducted January 30, 2004. The purpose of 

this sampling event was to gather water quality data during the high water flow 

conditions in Drum Creek and also to collect a sediment sample from sediment 

accumulation downstream from the low water crossing. 

3. The water quality sampling conducted March 1, 2004. The purpose of this sampling 

was to gather water quality data from Drum Creek during normal water flow 

conditions. 

The second and third sampling events were conducted following receipt of verbal comments 

from KDHE on the Analytical Report that the first sampling event represented the low water 

flow conditions in Drum Creek and KDHE would require additional sampling representing the 

high water flow and normal water flow conditions of Drum Creek. 

1 



KDHE.'s concern was that during the high water flow conditions the sediments in Drum Creek 

would impact the water quality at a greater degree than the low water flow conditions. 

Respondents authorized A & M Engineering to observe the flow conditions and collect water 

quality samples during the high and normal water flow conditions in order to address KDHE's 

concerns. 

The laboratory reports for the first sampling event are included in the Analytical Report. 

The laboratory reports for the second and third sampling events listed above are included in 

Appendix A. Pictures taken during the January 2004 sampling event are also included in 

Appendix A. 

ANALYTICAL DATA 

1. Drinking Water Standards 

The purpose of collecting the additional water samples was to study the fluctuation, if any, of 

metal concentrations in stream water under high and normal flow conditions. 

The laboratory data shown in Table 1 is a summary of three separate sampling events collected 

at varying levels of water flow in Drum Creek. In Table 1 the items in blue represent low 

water flow conditions; the items in red represents high water flow conditions and the items in 

black represents normal water flow conditions. Some of the samples were taken in identical 

spots at varying water levels. These areas are identified in the far right column in Table 1. 

The Maximum Contaminant Levels (MCL), as outlined in the EPA's Standard for Safe 

Drinking Water, are shown at the bottom of the table. 

The sample marked "effluent" is the effluent discharge from the new City lagoons. The City 

discharge is located upstream from the mouth of the Unnamed Creek and was not in place at 

the time of the sampling reported in the Analytical Report. In Table 1, samples 1 through 6 

were taken upstream from where Unnamed Creek empties into Drum Creek. Samples 7 and 8 

2 
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were taken at the confluence of Unnamed Creek and Drum Creek. Samples 9 through 19 are 

taken downstream from the confluence of Unnamed and Drum Creeks. 

The samples taken in identical locations at different water levels are samples 4 and 5; 7 and 8; 

9 and 10; 14, 15 .and 16; and 17 and 18. 

Mercury and Arsenic are all below detection limits in all samples. Cadmium levels are all 

below detection limits with the exception of one at the mouth of Drum Creek during high flow. 

Chromium showed non-detect in all low water and normal water levels. Chromium was 

detected in all samples during high water flows, but was below its MCL. Lead concentrations 

showed non-detect in all low and normal water level flows. During high water flows, lead 

showed traces in the City effluent discharge, at the stream confluence, and 75 feet downstream 

from the mouth of Unnamed Creek. Zinc showed up sporadically in multiple samples in low 

and high water level conditions, but showed non-detect during normal water levels. Zinc in all 

cases was far below its MCL. Figure 1 shows the water sampling locations in Drum Creek. 

2. Sediments 

There were 10 original sediment samples taken from visible sediment areas in June 2003 

during low water levels and included in the Analytical Report. There was one additional 

sediment sample taken January 30, 2004, during high water flow, 300 feet below the low water 

crossing. Samples 1 through 4 are upstream of Unnamed Creek. Sample 5 is at the 

confluence of Drum Creek and Unnamed Creek. Samples 6 through 8 are within 300 feet 

downstream of the confluence. Samples 5 through 8 combined take into account the first 300 

feet at and below the confluence of Unnamed and Drum Creeks. Sample 9 is at the Main 

Street Bridge, approximately 1,000 feet downstream of the confluence. Sample 10 is at the 

low water crossing, approximately 6,000 feet downstream, and Sample 11 is 300 feet below 

the low water crossing. The sediment laboratory results are summarized in Table 2. 

3 



In Table 2 the laboratory results of samples within the first 300 feet downstream from the 

confluence with Unnamed Creek are shaded in light gray. Except for the samples in this 300 

foot area, the constituents in all other samples resemble the background levels. Figure 2 shows 

the sediment sampling locations in Drum Creek. 

3. Kansas Surface Water Quality Standards- Aquatic Life Criteria (KAR 28-16-28) 

The Respondents, addressing the issues of aquatic life criteria for Drum Creek (under the 

Kansas Surface Water Quality Standards as adopted by reference and outlined in Article 16 of 

the KDHE regulations), have conducted calculations using the criteria in Table 1b of the 

regulations referenced above. The calculations are set forth in Appendix B, and the results of 

those calculations are set forth in Table 3. Sampling locations listed on Table 1 that were 

below detection limits are excluded from Table 3. 

Data presented in Table 3 show the following: Cadmium had one occurrence above the 

chronic criteria at the confluence of Unnamed Creek and Drum Creek during high flow 

conditions. Mercury, Arsenic and Chromium were all below the acute and chronic criteria at 

all flow conditions. Lead had two occurrences above the chronic criteria levels. Both were 

during high flow water conditions. One is at the confluence of Drum Creek and the other is 75 

feet below the confluence of Drum Creek. Zinc had one occurrence that was above both the 

acute and chronic criteria. It occurred at the confluence of Drum Creek during high water 

flow conditions. There were no exceedences for any metals under any flow conditions at all 

locations below 75 feet from the confluence with Unnamed Creek 

OBSERVATIONS AND CONCLUSIONS 

1. During low flow conditions, the segment of Drum Creek starting approximately 300 

feet downstream from the mouth of Unnamed Creek and extending to the low water 

crossing is in the form of a long narrow pond. The ponding effect was created by the 

raised stream bottom elevations at the low water crossing and, possibly, at the bridge 

crossings located throughout this segment of the creek. During low water flow 

4 



conditions 'the only visibl_e and accessible .sediments in this, segment of Drum Creek 

(between tJ nnamed Creek and the low water cross'ing) are ·those located within. 300 feet 

downstream from the mouth, of Umf~ed Creek. Any other sediments are inundated 

even during low flow conditions. 

2. Tbe water quality has not been jeopardized in Drum Creek during all flow level 

.conditions. 

3. The metal concentrations in Drum Creek do hot appear to .be: increasing with the flqw 

rate with the exception of Lead and Chromi1llll during high water .flow. 

4. Chroillium exceeded detection leyels. in several ·samples during high water flow 

conditions. None the less, the levels of Chrotniuni ill Drum. Creek under all of the flow 

cond~tiollS· (low, normar and high) were below its MCL. 

5, The trace amount of Lead detected in Sample 6 is fi;oQ.l the .new City treatment plant' 

The trace amounts detected in Samples 8 and,JO are within 75 feet .of the confluence. 

6. Except for the first 300 feet below the confluence of Unnamed' and Drum CreekS, the 

sediment contamination levels apJ?ear to be very similar to b~ckground.leveis. 

7. The sediments in Drum Creek do not present a risk to the drinking water qtiality, urtless 

the sediments are disturbed. 

~t The ponding in Drum Creek between the mouth.of Unnamed Creek and the low water 

crossing, approximately 6,000 feet downstream •. provides a natural control. systeirtthat 

limits the distribution of .the contaminated sediments downstream below the low water 

crossing. 
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9 ... All aquatic criteria exceedences. were minor and occurred within 75 feet of the· 

confluence of !)rum Creek. and {)t).l1ailled Creek. 
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WATER QUALITY SAMPLING LOCATIONS 
FOR DRUM CREEK 

A & M ENGINEERING AND 

ENVIRONMENTAL SERVICES, INC. 
SCALE: OA're FlGUR£ NO. 

NOT TO SCALE 03/31/04 . FIGURE l 
APPROioED BY: ORA~ BY: PRo.ECT NO. 

ENGINEERING - EN'IIIRONWENTAL. CONSTRUC110N AME TME 1804-002-l 002 
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SEDIMENT SAMPLING LOCATIONS 
FOR DRUM CREEK 

SCALE: OA TE: FIGURE NO. 

NOT TO SCALE 03/31/04 FIGURE2 
APPROVED BY: DRAWN BY: PRO.ECT NO. 

AME TME 1804-002-1002 



· Table 1 

Water Quality Alalytical Data 
Drum Creek 

Sampling point Date Mercury Arsenic Cadmium Chromium Lead 
1 6/24/03 BDL BDL BDL BDL BDL 
2 6/24/03 BDL BDL BDL BDL BDL 
3 6/24/03 BDL BDL BDL BDL BDL 
4 6/24/03 BDL BDL BDL BDL BDL 
5 1/30/04 BDL BDL BDL 0.027 BOL 

6 1/30/04 BDL BOL BDL 0.024 0.00938 
7 6/24/03 BDL BDL BDL BDL BDL 
8 1/30/04 BDL BDL 0.0112 0.0961 0.0358 

9 6/24+03 BDL BDL BDL BDL BDL 
10 1/30/04 BDL BDL BDL 0.069 0.0251 

11 6/24/03 BDL BDL BDL BDL BDL 
12 6/24/03 BDL BDL BDL BDL BDL 
13 6/24/03 BDL BDL BDL BDL BOL 
14 6/24/03 BDL BDL BDL BDL BOL 
15 1/30/04 BOL BDL BDL 0.028 BDL 

16 3/1/04 BDL BDL BDL BDL BDL 

17 1/30/04 BDL BDL BDL 0.028 BDL 

18 3/1/04 BDL BDL BDL BDL BDL 

19 3/1/04 BDL BDL BDL BDL BDL 

* Blue indicates low water levels and is reported in the Analytical Report 
* Red indicates high water levels 
* Black indicates normal water levels 
Note: Parameters are in mg/L 

0.002 0 
MCL's 

0.005 0.1 0 

Zinc Sampling locations 
BDL W13-08 
BDL W12-07 
BDL W11-06 
BDL W7-02 
BDL Upstream same 

location as #4 
0.034 Effluent 

0.0322 W4-01 
1.07 (Confluence) same 

location as #7 
0.132 W8-03 

0.0152 75FT Downstream 

same as #9 
0.132 W9-04 

0.0544 W10-05 
BDL W14-09 

0.0204 W15-010 
0.0205 Low water crossing 

same location as #14 
BOL Low water crossing same 

location as #'s 14 and 15 
0.036 300FT Below low 

water crossing 

BDL 300FT Below low water 

crossing same as #17 

BDL 2 miles downstream 

5 



Sampling point Date Mercury 
1 6/24/03 0.038 
2 6/24/03 0.052 
3 6/24/03 0.18 
4 6/24/03 0.086 
5 6/24/03' 0.13 

6 6/24103 0.099 
7 6/24/03 0.12 
8 612:4/03 0.1 

.,,, .:., 
'' 

9 6/24/03 0.046 

10 6/24/03 0.051 

11 1/30/04 BOL 

Note: Parameters are in mg/L 

Table 2 
Sediment Analytical Data 

Drum Creek 

Arsenic Cadmium Chromium 
2.3 1.8 8.68 
1.81 1.7 8.2 
3.17 2.55 9.7 
7.16 4.63 13.9 
30.7 ~o> 14 '' 

11.4 90.4 11.7 
13.9 73 .. 13.5 

Lead 
8.87 
16 

24.5 
20.6 

~ 473 

144 
"223 

8.84 71.1 .: ., t8.6 "'109 
,_ "'~ 

~· '''~.AA-· j 
. ·; 

" 

1.66 1.77 8.86 10.1 

18.5 14.3 11.6 48.2 

6.76 2.99 14.6 9.73 

Zinc Sam_Qiir}g location 
49.9 S15-08 
81.2 S14-07 
94.6 S14-06 
78.8 S10-02 

10,300 (Coofluence) 
.$7-01 

3,680, 511-03 
5,950' .• ; 512-04 ·, 

1,520· 300' dOwnstrel:im from #5 ·,.: 
' . 

•' '. ~" :;.;, "·: · · S't3-05 · .. ~- ., 
49.6 Main Street bridge 

S16-09 
517 Low water crossing 

817-010 
24.9 300' below low water 

crossing 
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TABLE 3 

Aquatic Life Support Criteria Calculations Based on K.A.R. 28-16-28 

--· ----- j_ -- -- _l _____ 
Cadmium ---- ---- ~romlum ________ -r=-- _ 

Sample tO WER Hardness I(IJg/L) Acute Criterion Chronic Criterion (IJQ/L) _ ~cute Criterion Chronic Criterion 
W7-02 1 240 12.1 4.90 3693 177 
W7-02 (H) 1 240 12.1 4.90 27 3693 177 
Effluent 1 220 11.0 4.57 24 3439 164 --
W4-01 1 240 12.1 4.90 3693 177 
W4-01 (H) 1 240 11.2 12.1 4.90 96.1 3693 177 
WS--03 1 240 12.1 4.90 3693 177 
W8-D3 (H) 1 240 12.1 4.90 69 3693 177 
W9-04 1 230 11.6 4.73 3567 170 
W10..05 1 240 12.1 4.90 3693 177 
W14-09 1 250 12.7 5.06 

·-i--
3819 183 

W15-D10 1 220 11.0 4.57 3439 164 
W15-010 CH) 1 220 11.0 28 '- ----

164 4.57 3439 -------- -----
LWC-300 1 --- -·------ -- -- -

-- -- ·--- I 

---- ------
- -

Lead Zinc 
SampleiD WER Hardness I(IJg/L) Acute Criterion Chronic Criterion (IJg/L) Acute Criterion Chronic Criterion 
W7-02 1 240 249 9.7 252 252, 
W7-02 (H) 1 240 249 9.7 252 252 
Effluent 1 220 9.38 223 8.7 34 234 234 
W4-01 1 240 249 9.7 32.2 252 252 
W4-01 (H) 1 240 35.8 249 9.7 1070 252 252 
WS--03 1 240 249 9.7 132 252 252 
WS--03 (H) 1 240 25.1 249 9.7 15.2 252 252 
W9-04 1 230 236 -~~ - _ __13~- - ______ 2~~ ----~~ 
W10-05 1 240 

.. ----~ 9.7 - - ?4-4 --- 2~~ 252 ----- ----- -------
W14-09 1 250 262 10.2 260 260 --------- ·----·- -----·--~ ···--- ---

- -20~ -. 234 -------
W15-010 -- 1 220 ------m 8.7 234 
W15-010 (Hf 

----- --- - ----- -------
1 220 223 8.7 20.5 234 234 

LWC-300 
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#1 

I 
I' 

Original background location (5200 Street Bridge) looking south. 

#2 

_) 

Looking upstream from old sample point just above City discharge. 



Sample point upstream of Unnamed Creek is also old sample 
point just above City discharge 

Effluent from City lagoons. 

#3 

#4 



#5 

Mouth of Unnamed Creek. 

#6 

1/ 

['\ 

Sediment pile -300' downstream of Unnamed Creek. 



#7 

View looking downstream from previous picture (#6). 

#8 

Looking north from Main Street Bridge toward picture #71eave-off point. 



Looking south from Main Street Bridge original sample point labeled 
1 000' downstream from Unnamed Creek. 

One haH mUe north of low water crossing looking north 

#9 

#10 



#11 

Same location as picture #10 looking south toward low water crossing. 

#12 

Typical side-slope bank of Drum Creek. 



#13 

low water crossing looking north. 

#14 

low water crossing looking south toward sample point. 



~·----

#15 

f 

\_ 

Approximately 100 yards south of low water crossing looking downstream. 

#16 

Looking north at low water crossing from sample point. 



6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

lrfan Taner 
A & M Engineering 
1 00 I 0 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918)665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Irfan Taner: 

·· SHERRYL.aboratorie.s 
lt"ll•ng Tod«y - Prolel ong l omorrnw • 

February 10, 2004 
OrderNo.: T04010372 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 7 samples on 1/30/2004 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 

1 to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
\ methodologies. Test reports meet all the NELAC requirements. All relevant sampling 

information is on the attached chain-of-custody form. The initials SUB as the analyst designate 
any testing sub-contracted by SLO. 

Cettifications/Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/Accredited parameters is available upon request. If you have any questions 
regarding these tests results, please feel free to call. 

Sincerely. 

Approved By: ~ 
UiallDUZal14 Director 

Environmental Services 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010372 

Cherryvale 

SHERRYL.aboratories 
Tl'l!lng Toa ... y- Prorec ung Tomorrow • 

Date Received: 1/30/2004 

Date Reported: 10-Feb-04 

Fax: (918)828-7756 

(800)324-5757 

Lab ID: T04010372-01 

Matrix: AQUEOUS 

Collection Date: 1/30/2004 11:00:00 A Sample ID: Effluent 

Detection Date 
Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/3/2004 3:27:1 0 p 

Cadmium < 0.00100 0.00100 mg/L 2/3/2004 3:27:10 p 

Chromium 0.0240 0.0100 mg/L 2/3/2004 3:27:10 p 

Lead 0.00938 0.00500 mg/L 2/3/2004 3:27:10 p 

Silver < 0.00200 0.00200 mg/L 2/3/2004 3:27:10 p 

Zinc 0.0340 0.0100 mg/L 2/3/2004 3:27:10 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue, Non- 34.0 10.0 mg/L 2/4/2004 9:55:00 A 
Filterable) 

Lab ID: T04010372-02 Collection Date: 1/30/2004 1 :30:00 PM Sample ID: Low Water Crossing 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/3/2004 3:32:05 p 

Cadmium < 0.00100 0.00100 mg/L 2/3/2004 3:32:05 p 
Chromium 0.0280 0.0100 mg/L 2/3/2004 3:32:05 p 

Lead < 0.00500 0.00500 mg/L 2/3/2004 3:32:05 p 
Silver < 0.00200 0.00200 mg/L 2/3/2004 3:32:05 p 
Zinc 0.0205 0.0100 mg/L 2/3/2004 3:32:05 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue, Non- 8.00 5.00 mg/L 214/2004 9:55:00 A 
Filterable) 

Page I of4 

This document shall nol be reproduced, euepl in full, wilhoullhe wrillen appro\·al of Sherry l.aboratories,lnr. 
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6825 E 38th Street 

Tulsa OK 74145 

(91 8)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010372 

Cherryvale 

SHERRYLaboratories 
Tt-sr,ng TOG«}'- Prole-lUng Tomorrow • 

Date Received: 1/30/2004 

Date Reported: 10-Feb-O~ 

Fax: (918)828-7756 

(800)324-5757 

Lab 10: T040 I 0372-03 Collection Date: 1/30/2004 I :50:00 PM Sample ID: Downstream 

Matrix: AQUEOUS 
Detection Date 

Analvses Result 1.!!!!!! Units Analyzed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 21212004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/3/2004 3:37:00 p 

Cadmium < 0.00100 0.00100 mg/L 2/3/2004 3:37:00 p 

Chromium 0.0280 0.0100 mg/L 2/3/2004 3:37:00 p 

Lead < 0.00500 0.00500 mg/L 2/3/2004 3:37:00 p 

Silver < 0.00200 0.00200 mg/L 2/3/2004 3:37:00 p 

Zinc 0.0360 0.0100 mg/L 2/3/2004 3:37:00 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue, Non- 39.0 5.00 mg/L 2/4/2004 9:55:00 A 
Filterable) 

Lab 10: T04010372-04 Collection Date: I /30/2004 II :45:00 A Sample 10: Upstream 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units . Analvzed Analnt 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/312004 3:41:49 p 

Cadmium < 0.00100 0.00100 mg/L 2/3/2004 3:41 :49 p 
Chromium 0.0270 0.0100 mg/L 2/3/2004 3:41 :49 p 
Lead < 0.00500 0.00500 mg/L 2/312004 3:41 :49 p 
Silver < 0.00200 0.00200 mg/L 2/3/2004 3:41 :49 p 

Zinc < 0.0100 0.0100 mg/L 2/3/2004 3:41 :49 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue. Non- 7.00 5.00 mg/L 2/4/2004 9:55:00 A 
Filterable) 

Page 2 of4 

This tlorunu.:ul shall not be reproduced. except in full. without the written appro\·alnf Sh,•rry l.ahuraturies. Inc. 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010372 

Cherryvale 

SHERRYLaboratories 
lesrrng Tocu.y - Prorec ung Tomorrow • 

Date Received: 1/30/2004 

Date Reported: 1 0-Feb-0-1 

Fax: (918)828-7756 

(800)324-5757 

Lab JD: T04010372-05 Collection Date: 1/30/2004 12:15:00 P Sample ID: Unnamed Creek 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analvzed Anah·st 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/l 2/5/2004 11 :45:03 

Cadmium 0.0112 0.00100 mg/l 2/5/2004 11 :45:03 

Chromium 0.0961 0.0100 mg/L 2/5/2004 11 :45:03 

Lead 0.0358 0.00500 mg/L 2/5/2004 11 :45:03 

Silver < 0.00200 0.00200 mg/L 2/5/2004 11 :45:03 

Zinc 1.07 0.0100 mg/l 2/5/2004 11 :45:03 

Lab ID: T040 I 03 72-06 Collection Date: 1/30/2004 12:05:00 P Sample I D: 75 Foot 

Matrix: AQUEOUS 
Detection Date 

Analvses .~!£!!!.!! Limit Units Anall:zed Analvst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/2/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/l 2/5/2004 12:19:42 

Cadmium < 0.00100 0.00100 mg/L 2/5/2004 12:19:42 

Chromium 0.0690 0.0100 mg/L 2/5/2004 12:19:42 

Lead 0.0251 0.00500 mg/l 2/5/2004 12: 19:42 

Silver < 0.00200 0.00200 mg/L 2/5/2004 12:19:42 

Zinc 0.0152 0.0100 mg/L 2/5/2004 12: 19:42 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue. Non- 13.0 5.00 mg/L 2/4/2004 9:55:00 A 
Filterable) 

P11geJ of4 

This document shall not be reproduced. except in full, without the wrinen appr0\'111 of Sherry Laboratories. Inc. 
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6B25'E 38th Street 

Tulsa OK74145 

·(91B)B2a:9sn' 

CLIENT: 

Lab Ord.er: 

Projec~: 

A &M .Enoineerino 
_, ---· . ~ ~ 

T04010372. · 

Cherryv(!le 

SHERRYLaboratories 
., l(·lllr:>g, Toa ... y- Pro!eLung Tomorrow • 

Date Received: 1/30/2004 

.Date Reported: W-Feh~04 

F.ax.;(9,18)828-775E; 

(800)324-5757 

Lab .JD: T04010372-07 Collection Date: 1/30/20041·:50:00 PM •SaJ1lple ID: Downstream Solid 

Matrix: SOLID 
Detection Date 

Analyses Result Limit Units Ailal~zed Analyst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury < 0:025. 0.025 rrig/~g 213/2004 

METALS IN SOIL OR SLUDGE BY ICP SW6010A .KR 
Arsenic 6:76 0.500 mgtkg 219/2004 

Cad_inium 2.99 0:250 rifg/Kg .2/9/2004 

Chromium. 14.6 0:250 mg/Kg 2/9/2004 

Lead 9.73 Oi125. mg/Kg, 2i9/2004 

Silver <0.0500 0.0500 mg/Kg 2t9tiob4 
Zinc 24.9 0.250 mg/Kg 219/2004 

PH IN SOIL 'SW9045C PB· 
pH 7.09 0.10 pH Units 21212004 2:16:00 p' 

Page 4 lif4 

This document shall not he reproduced .. e:u:ept in: run. "'ithout the written uppro•·at or Shrnylahoratories. Inc . 



j- Sherry Laboratories 
-- ----- ----·- -------------- ----- --------

CLIENT: A & M Engineering 

'\' ork Order: T040 I 03 72 

,'roject: 

TestCode 

HG_S 

HG_WW 

MET_S_ICP 

Cherryvale 

Analyte 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Zinc 

MET_WW_ICP Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

BatchiD 

R17390 

R17390 

R17390 

R17390 

R17380 

R17380 

R17380 

R17380 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

R17461 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

QCType 

MBLK 

LCS 

MS 

MSO 

MBLK 

LCS 

MS 

MSO 

MBLK 

MBLK 

MBLK 

MBLK 

MBLK 

MBLK 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

MS 

MS 

MS 

MS 

MS 

MS 

MSD 

MSD 

MSD 

MSD 

MSD 

MSD 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

Result 

< 0.025 

0.2482 

0.2389 

0.2618 

< 0.00010 

0.001057 

0.00099 

0.000993 

< 0.50 

< 0.25 

< 0.25 

< 0.12 

< 0.050 

< 0.25 

1.939 

1.976 

1.982 

2.019 

2.01 

1.967 

1.977 

2.017 

0.199 

0.195 

2.006 

1.978 

2.074 

2.16 

2.116 

2.15 

0.208 

2.172 

2.08 

2.181 

2.124 

2.172 

0.21 

2.191 

< 0.0050 

< 0.0050 

< 0.0010 

< 0.0010 

< 0.010 

< 0.010 

< 0.0050 

< 0.0050 

< 0.0020 

< 0.0020 

< 0.010 

Date: 10-Feh-04 

QC SUMMARY REPORT 

PQL Units 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.0001 

0.0001 

0.0001 

0.0001 

0.5 

0.25 

0.25 

0.125 

0.05 

mg/L 

mg/L 

mg/L 

mg/L 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

0.25 mg/Kg 

0.5 mg/Kg 

0.5 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.125 mg/Kg 

0.125 mg/Kg 

0.05 mg/Kg 

0.05 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.5 mg/Kg 

0.25 mg/Kg 

0.25 

0.125 

0.05 

0.25 

0.5 

0.25 

0.25 

0.125 

0.05 

0.25 

0.005 

0.005 

0.001 

0.001 

O.Q1 

O.Q1 

0.005 

0.005 

0.002 

0.002 

0.01 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

0/oRec 

99.3 

95.6 

105 

106 

99 

99.3 

97 

98.8 

99.1 

101 

100 

98.4 

98.8 

101 

99.5 

97.5 

100 

98.9 

104 

108 

106 

108 

104 

109 

104 

109 

106 

109 

105 

110 

%RPD 

9.15 

0.303 

1.89 

1.85 

2.16 

2 

2.03 

1.41 

0.289 

0.968 

0.377 

1.02 

0.957 

0.871 



·• CLIENT: 

Work Order: 

Project: 

.-estCode 

PH_S 

TSS 

A & M Engineering 

T04010372 

Cherryvale 

Analyte 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Silver 

Silver 

Zinc 

Zinc 

pH 

BatchiD 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

1759 

1763 

R17376 

Suspended Solids (Residue. Non-Fill R17429 

Suspended Solids (Residue. Non-Fill R17429 

Suspended Solids (Residue. Non-Fill R17429 

Suspended Solids (Residue. Non-Fill R17429 

QCType 

mblk 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

ms 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

msd 

CUP 

MBLK 

LCS 

CUP 

CUP 

Result 

< 0.010 

1.965 

2.009 

1.974 

2.008 

1.992 

2.088 

2.043 

2.108 

0.1999 

0.2058 

1.978 

2.028 

2.004 

2.165 

1.991 

2.122 

1.995 

2.129 

1.984 

2.077 

0.202 

0.2107 

2.046 

3.138 

1.99 

2.159 

1.982 

2.111 

1.983 

2.138 

1.961 

2.08 

0.2004 

0.2086 

2.033 

3.125 

7.09 

< 5.0 

85 

17 

164 

QC SUMMARY REPORT 

PQL Units 

0.01 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

0.002 

0.002 

0.01 

0.01 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

0.002 

0.002 

0.01 

0.01 

0.005 

0.005 

0.001 

0.001 

0.01 

0.01 

0.005 

0.005 

0.002 

0.002 

0.01 

0.01 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

0.1 pH Units 

5 

5 

5 
10 

mg/L 

mg/L 

mg/L 

mg/L 

o;.,Rec 

98.3 

100 

98.7 

100 

99.6 

104 

102 

105 

99.9 

103 

98.9 

101 

100 

108 

99.5 

106 
98.8 

102 

97.7 

102 

99.3 

105 
101 

103 

99.5 

108 

99.1 

105 

98.2 

102 

96.6 

102 

98.5 

104 

100 

103 

0 

96.3 

0 
0 

%RPD 

0.702 

0.303 

0.416 

0.508 

0.6 
0.427 

1.13 

0.119 

0.775 

1 

0.623 

0.42 

0 

6.06 
1.21 

2 
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SHERRYlaboratories 

Testing Today - Protecting Tomorrow w 

rT1 
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Contact Name: J(f(l./l--r(u)()Q 1r 

Phone/Fax: 

0 2203 S. Madison St., Muncie, IN 47302 

765· 7 4 7-9000/800-87 4-3563 Fax 765-7 4 7-0228 

D 629 Washington St., Suite 300, Columbus, IN 47201 
812-375-0531 Fax 812-375-0731 

D 5738 Industrial Rd., Fort Wayne, IN 46825 
260-4 71-7000 Fax 260-4 71-7777 

Chain of Custod 
I tt'f-o~ 2 t_.¥"'11}(/{ · 

D 2417W. Pinhook Rd, L~fayeHe, LA 70508 

337-235-0483/800-737-2378 

Fax 337-233-6540 
"¢ 3445 S Sheridan, Tulsa, OK 74145 

918-828-9977/800-324-5757 
Fax 918-828-7756 · 

Comments I 
Remarks 

L (_I Jij'L,-r ,/!("/' [. 
_1, I"I"'J' I I 1. I 

....-- ::....~ -·, 1 'd" 1 ( - . lLcu::, oJ '{firrrs. 
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UPS I FedEx f J 
I I I I I I 1..c :::...1 I I I I I I I I I I Airborne I Sherry ' 

1\lail 

All samples submitted to Sherry Laboratories for analysis are accepted on a custodial basis only. Ownership of the material I P.O. 
remains with the client submitting the samoles. Sherrv Laboratories reserves the right to return unused samole 
Relinquished by: (Signature) 

Relinquished by: (Signature) Received by: (Signature) 

Matrix 
OW = Drinking Water MW = Monitoring Well 
WW = Waste Water SL = Sludge 

= Soil ,..... -= Oil OT = Other 

Container Types 
G =Glass 
P =Plastic 

Date Time 

Date Time 

Shipping Condilions 

DIced 
Temp. __ 
Ambient 

Which Regulations Apply 
D RCRA D Drinking Water 
D POTW D Other __ _ 
r"] NPDES 

Pori I · I "'"""'"'"' f'np~· P:~rl 2 - Report t ·oilY P1n·l ·' · f'llt·nt's Temporary f"npy 

Dat~ Tim.: 

Thank-you for using SHERRY 
LABORATORIES 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T04010347 

Cherryvale 

SHERRYL.aboratories 
ll'St•ng roa ... y - Protet ung Tomorrow • 

Date Received: I /29/2004 

Date Reported: 10-Feh-04 

Fax: (91 8)828-7756 

(800)324-5757 

Lab ID: T04010347-0t 

Matrix: AQUEOUS 

Collection Date: 1/28/2004 5:30:00 PM Sample ID: Drum Creek 

Detection Date 
Analvses Result Limit Units Analvzed Anall'St 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 2/212004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 2/212004 8:57:28 p 
Cadmium < 0.00100 0.00100 mg/L 2/2/2004 8:57:28 p 

Chromium 0.139 0.0100 mg/L 21212004 8:57:28 p 
Lead < 0.00500 0.00500 mg/L 21212004 8:57:28 p 
Silver < 0.00200 0.00200 mg/L 21212004 8:57:28 p 

Zinc < 0.0100 0.0100 mg/L 212/2004 8:57:28 p 

TOTAL SUSPENDED SOLIDS E160.2 PB 
Suspended Solids (Residue, Non- 8.00 5.00 mg/L 21212004 3:45:00 p 
Filterable) 

Lab ID: T04010347-02 Collection Date: 1/28/2004 5:30:00 PM Sample ID: Drum Creek 

Matrix: SOIL 
Detection Date 

Analvses Result Limit Units Analvzed Analvst 

MERCURY IN SOIL OR SLUDGE SW7471 KR 
Mercury < 0.025 0.025 mg/Kg 2/3/2004 

METALS IN SOIL OR SLUDGE BY ICP SW6010A KR 
Arsenic 26.9 0.500 mg/Kg 2/212004 
Cadmium 15.7 0.250 mg/Kg 2/212004 
Chromium 19.3 0.250 mg/Kg 2/212004 
Lead 40.6 0.125 mg/Kg 2/2/2004 
Zinc 960 2.50 mg/Kg 2/212004 

PH IN SOIL SW9045C PB 
pH 6.61 0.10 pH Units 1/30/2004 10:58:0 

Pttge I of I 

This document shall not be reprollucell. except in full, without the written appro\' Ill of Sherry Laboratories, Inc. 
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Sherry Laboratories Date: 10-Feb-04 

=================·- ..::.:-=--=--------==.-..: .. ---=~-~c.-=c .. -

CLIENT: 

'\'ork Order: 

'--. roject: 

TestCode 

HG_S 

HG_WW 

MET_S_ICP 

A & M Engineering 

T04010347 
Cherryvale 

Analyte 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Arsenic 

Cadmium 

Chromium 

Lead 

Zinc 

Arsenic 

Arsenic 

Cadmium 

Cadmium 

Chromium 

Chromium 

Lead 

Lead 

Zinc 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

Zinc 

MET_WW_ICP Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Zinc 

Arsenic 

Cadmium 

Chromium 

Lead 

BatchiD 

R17390 

R17390 

R17390 

R17390 

R17380 

R17380 

R17380 

R17380 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1756 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

1757 

QCType 

MBLK 

LCS 

MS 

MSD 

MBLK 

LCS 

MS 

MSD 

MBLK 

MBLK 

MBLK 

MBLK 

MBLK 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

LCS 

MS 

MS 

MS 

MS 

MS 

MSD 

MSD 

MSD 

MSD 

MSD 

mblk 

mblk 

mblk 

mblk 

mblk 

mblk 

lcs 

lcs 

lcs 

lcs 

lcs 

lcs 

ms 

ms 

ms 

ms 

Result 

< 0.025 

0.2482 

0.2389 

0.2618 

< 0.00010 

0.001057 

0.00099 

0.000993 

< 0.50 

< 0.25 

< 0.25 

< 0.12 

< 0.25 

1.893 

1.934 

1.951 

1.986 

2.132 

2.113 

1.916 

1.962 

1.959 

1.933 

48.55 

52.14 

60.91 

52.09 

423.5 

47.94 

51.42 

58.48 

51.42 

418.9 

< 0.0050 

< 0.0010 

< 0.010 

< 0.0050 

< 0.0020 

< 0.010 

1.933 

1.977 

2.289 

1.971 

0.1902 

1.971 

1.921 

1.942 

2.273 

1.864 

QC SUMMARY REPORT 

PQL Units 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.025 mg/Kg 

0.0001 

0.0001 

0.0001 

0.0001 

0.5 

0.25 

0.25 

0.125 

0.25 

0.5 

mg/L 

mg/L 

mg/L 

mg/L 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

0.5 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.125 mg/Kg 

0.125 mg/Kg 

0.25 mg/Kg 

0.25 

0.5 

0.25 

0.25 

0.125 

2.5 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

0.5 mg/Kg 

0.25 mg/Kg 

0.25 mg/Kg 

0.125 mg/Kg 

2.5 mg/Kg 

0.005 mg/L 

0.001 

0.01 

0.005 

0.002 

0.01 

0.005 

0.001 

0.01 

0.005 

0.002 

O.Q1 

0.005 

0.001 

0.01 

0.005 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

%Rec 

99.3 

95.6 

105 

106 

99 

99.3 

94.6 

96.7 

97.6 

99.3 

107 

106 

95.8 

98.1 

98 

96.6 

97.1 

104 

99.4 

104 

82.6 

95.9 

103 

94.5 

103 

73.3 

96.6 

98.8 

114 

98.6 

95.1 

98.6 

96 

97.1 

92.3 

93.2 

%RPD 

9.1'5 

0.303 

2.14 

1.78 

0.895 

2.37 

1.34 

1.26 

1.39 

4.08 

1.29 

1.1 



·-·---- -·------------·····-·--

CLIENT: . A & M Engineering .. · 
.. 

QC SUMMARY REPORT 
') Work Order: T04010347 

Project: Cherryvale 

.estCode Annlyte BatchiD QCType Result PQL Units %Rec %RPD 

Silver 1757 ms 0.1904 0.002 mg/L 95.2 

Zinc 1757 ms 2.09 0.01 mg/L 101 

Arsenic 1757 msd 1.952 0.005 mg/L 97.6 1.64 

Cadmium 1757 msd 1.963 0.001 mg/L 98.2 1.08 

Chromium 1757 msd 2.305 0.01 mg/L 93.8 1.39 

Lead 1757 msd 1.883 0.005 mg/L 94.2 1.01 

Silver 1757 msd 0.1937 0.002 mg/L 96.8 1.71 

Zinc 1757 msd 2.11 0.01 mg/L 102 0.934 

PH_S pH R17349 DUP 6.6 0.1 pH Units 0 0.151 

TSS Suspended Solids (Residue, Non-Fill R17387 MBLK < 5.0 5 mg/l 

Suspended Solids (Residue. Non-Fill R17387 LCS 94 5 mg/l 106 

Suspended Solids (Residue. Non-Filt R17387 DUP 54 5 mg/l 0 3.64 

Suspended Solids (Residue. Non-Filt R17387 DUP 78 10 mg/l 0 7.41 

2 
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6825 E 38th Street 

Tulsa OK 74145 

{918)828-9977 

Altay Ertugrul 
A & M Engineering 
10010 E. 16th St. 
Tulsa. OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

D~ar Altay Ertugrul: 

SHERRYL.aboratories 

March 05. 2004 
Order No.: T040300 12 

Fax: {91 8)828-7756 

{800)324-5757 

Sherry Laboratories received 3 samples on 3/112004 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. Test reports meet all the NELAC requirements. All relevant sampling 
information is on the attached chain-of-custody form. The initials SUB as the analyst designate 
any testing sub-contracted by SLO. 

Ct!rtifications/Accreditation: OK- 7604 
AR-ADEQ 
KS- E-10232 
LA -4002 

A scope of Certified/ Accredited parameters is available upon request If you have any questions 
rt:g.arding these tests results, please feel free to call. 

Sincerely. 

Approved By:-r ~~~..------
~.Director 

Environmental Services 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

L;ah Order: 

Project: 

A & M Engineering 

T04030012 

Cherryvale 

SHERRYL.aboratories 
k'IIU1<J Tolk<y - r~ult;'l ung lumorro"' • 

Date Received: 3/112004 

Date Reported: 05-Mar-04 

Fax: (918)828-7756 

(800)324-5757 

Lab 10: T04030012-0I 

Matrix: AQUEOUS 

Collection Date: 3/112004 12:00:00 PM Sample 10: Low Water Crossing 

Detection Date 
Analvses Result Limit Units Anal1:zed Anal1:st 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 3/3/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 3/4/2004 12:51 :53 

Cadmium < 0.00100 0.00100 mg/L 3/4/2004 12:51:53 

Chromium < 0.0100 0.0100 mg/L 3/4/2004 12:51:53 

Lead < 0.00500 0.00500 mg/L 3/4/200412:51:53 

Silver < 0.00200 0.00200 mg/L 3/4/2004 12:51:53 

Zinc < 0.0100 0.0100 mg/L 3/4/2004 12:51 :53 

Lab 10: T04030012-02 Collection Date: 3/112004 12:10:00 PM Sample 10: Below Low Water Crossing 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Anal1:zed Anal1:st 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 3/3/2004 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 3/4/2004 1 :21 :34 p 

Cadmium < 0.00100 0.00100 mg/L 3/4/2004 1:21:34 p 

Chromium < 0.0100 0.0100 mg/L 3/4/2004 1:21:34 p 

Lead < 0.00500 0.00500 mg/L 3/4/2004 1:21:34 p 

Silver < 0.00200 0.00200 mg/L 3/4/2004 1:21:34 p 
Zinc < 0.0100 0.0100 mg/L 3/4/2004 1:21:34 p 

--· -- .... ·------ ------.. ---·- ------ -- -- ...... . 

Page 1 of2 

This document shall not be reproduced, rxccpt in full, without the wrinen approval of Sherry laboratories. Inc. 
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68~5 E 38th S~t 

Tulsa OK 7 4145' 

(918)828-9977 

CLIENT: 

Lab 0rder: 

Project: 

A & M Engineering 

T040300l2 
Cherryvale 

SHERRYL.aboratories. 

Date Received: J/1/2004 
Date Reported: 05~Mar~04 

.Fax (918)828-7756 

(iiOOJ324-5757 

Lab ID: T040300t:i~03 Collection Date:.J/112004 2:10:'00 PM Sample ID: Dow.nstream 

Matrix:. AQU EO. US 
Detection D'ate 

Analyses Result. Limit UnitS Anal~zed Analyst 

MERCURY IN WATER, TOTAL E245;2 KR 
Mercury < 0.0p0100 0.000100 mgll 313/2004 

METALS IN WATERBY ICP, TOTAL E2mp .KR 
Arsenic < 0.00500 0.00500 mg/L 3i4t2o64 1 :26:3~ P 

Cadmium < 0.00'100 0.00100 mgtL 3/4/2Q0:4 1 :26:32 R 

Chromium < o.oio6 0,0100 mg/L 3/4/2004 1:26:32 p· 

Lead < 0.00500 0.00500 mg/L 3/4/2004 ·1 :26:32'P' 

Silver < 0.00200 0.00200 mg/L 314/2004 1:26:32P 

Zinc < 0:0100 0.0100 mg/L 3/4!2004 1 :26:32 p 

. ---··---- ------- ... ---------------:--:---;..._, ________ -~----.--.-
Pagelofl 

;rhis doeumcin shall no(llc reproduced; except in full, without the written approvafofSherry.Laboratorics. .-nc. 



Sherry Laboratories ', . Date: 05-Mar-04 
.... ·---- --·- --

CLIENT: A & M Engineering QC SUMMARY REPORT 
·(· ""~k order: T04030012 

_ ro.aect: Cherryvale 

TcstCode Analyte BatchiD QCType Result PQL Units 0/oRec %RPD 

HG_WW Mercury R17711 MBLK < 0.00010 0.0001 mg/L 

Mercury R17711 LCS 0.001029 0.0001 mg/L 103 

Mercury R17711 MS 0.001024 0.0001 mg/L 102 

Mercury R17711 MSD 0.001028 0.0001 mg/L 103 0.39 

met_ww_icpt Arsenic 1799 mblk < 0.0050 0.005 mg/L 

Cadmium 1799 mblk < 0.0010 0.001 mg/L 

Chromium 1799 mblk < 0.010 0.01 mg/L 

Lead 1799 mblk < 0.0050 0.005 mg/L 

Silver 1799 mblk < 0.0020 0.002 mg/L 

Zinc 1799 mblk < 0.010 0.01 mg/L 

Arsenic 1799 lcs 1.935 0.005 mg/L 96.8 

Cadmium 1799 lcs 2.066 0.001 mg/L 103 

Chromium 1799 lcs 1.963 0.01 mg/L 98.2 

Lead 1799 lcs 1.944 0.005 mg/L 97.2 

Silver 1799 lcs 0.1978 0.002 mg/L 98.9 

Zinc 1799 lcs 1.926 0.01 mg/L 96.3 

Arsenic 1799 ms 2.022 0.005 mg/L 101 

Cadmium 1799 ms 2.061 0.001 mg/L 103 

Chromium 1799 ms 1.962 0.01 mg/L 98.1 

Lead 1799 ms 1.872 0.005 mg/L 93.6 

- Silver 1799 ms 0.1958 0.002 mg/L 97.9 

Zinc 1799 ms 1.941 0.01 mg/L 97 

Arsenic 1799 msd 2.015 0.005 mg/L 101 0.304 

Cadmium 1799 msd 2.06 0.001 mg/L 103 0.0674 

Chromium 1799 msd 1.964 0.01 mg/L 98.2 0.121 

Lead 1799 msd 1.874 0.005 mg/L 93.7 0.0889 

Silver 1799 msd 0.195 0.002 mg/L 97.5 0.417 

Zinc 1799 msd 1.933 0.01 mg/L 96.6 0.42 



AND 
A & M ENGINEERING [ffiJ 

ENVIRONMENTAL SERVICES, INC. .M. 
T\Jl..8A, OkL»toUA 
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Table 1 b. Formulae for calculation of hardness-dependent aquatic life support criteria for chromium Ill 
and total cadmium, total copper. total lead, total nickel, total silver and total zinc and pHdependent 

1"--- aquatic life support criteria for pentachlorophenol. A WER value of 1.0 is 
applied in the hardness-dependent equations for total metals unless a site-specific WER has 
been determined and adopted by the department in accordance with K.A.R. 28-16-28e(a) 
and K.A.R. 28-16-28f(f). Hardness values in metal formulae are entered in units of mg/L as 
CaC03. Pentachlorophenol formulae apply only over the pH range 6.5-8.5. 

~water-effect ratio (WERt means the numerical toxicity (median lethal 
concentration or no-observed-effect level) of a chemical pollutant diluted in water from a given 
stream, lake, or wetland divided by the numerical toxicity of the same pollutant diluted in 
laboratory water. 

~8-16-28b. Definitions. 

(o) "Condition of acute toxicity" means any concentration of a toxic substance that 
exceeds the applicable acute criterion for aquatic life support presented in K.AR. 28 -16-
28e or, for substances not listed in K.AR. 28 -16-28e or for mixtures of toxic substances, 
any concentration that exceeds 0.3 times the median lethal concentration. The 
poncentration at which acute toxicity exists shall be determined through laboratory 
oxicity tests conducted in accordance with the United States environmental protection 
~gency's "methods for measuring the acute toxicity of effluents and receiving waters to 
~reshwater and marine organisms," fourth edition, as published in August 1993, which is 
!hereby adopted by reference. 

(p) "Condition of chronic toxicity" means any concentration of a toxic substance that 
exceeds the applicable chronic criterion for aquatic life support presented in K.AR. 28-
16-28e or, for substances not listed in K.AR. 28 -16-28e or for mixtures of toxic 
substances, any concentration that exceeds the no -observed-effect level. The 
~oncentration at which chronic toxicity exists shall be determined throug h laboratory 
oxicity tests conducted in accordance with the United States environmental protection 
~ctgency's "short-term methods for estimating the chronic toxicity of effluents and 
~reCeiving waters to freshwater organisms," third edition, as published in July 1994, which 
· s hereby adopted by reference. -. 

CADMIUM (ug/L): 
acute criterion= WER[EXP[(1.1280*(LN(hardness)))-3.6867]] 
chronic criterion= WER[EXP[(0.7852*(LN(hardness)))-2.715]] 

CHROMIUM Ill (ug/L): 
acute criterion= WER[EXP[(0.819*(LN(hardness)))+3.7256]] 
chronic criterion= WER[EXP[(0.819*(LN(hardness)))+0.6848]] 

LEAD (ug/L): 
acute criterion= WER[EXP[(1.273*(LN(hardness)))-1.460]] 
chronic criterion= WER[EXP[(1.273*(LN(hardness)))-4.705]] 

ZINC (ug/L): 
acute criterion= WER[EXP[(0.8473*(LN(hardness)))+0.884]) 
chronic criterion= WER[EXP[(0.8473*(LN(hardness)))+0.884ll 



TABLE 3 

Aquatic Life Support Criteria Calculations Based on K.A.R. 28-16-28 

-- --- ____ _j ___ ---- --~-_I-:_-_==-=_ -=--:-= - ---- -- -·- I ____ --- - -- -----. -- _r= _______________ _ 
Cadmium Chromium 

-~~pj~IDj_ WE!!. H~_~nes~ {J:!gll) Acute Criterion Chronic Criterion _ =--= {~::~.91!-I Ac~te-C"ilie~ion _ -__ - Chronic Criterion --
W7-02 ___ 1 __ 2~Q _______ =!"EXP(1.128:{!:,N(C4)):3.6867) _:!'EXP(0.78~2'(LN(C4))-2.71~_)__ ____ =1:~J'(0.~19'(Lti~lli!:~-~25~) =1'EXP(0.819'~(<21))+0.§848) __ 
W7-D2 (!:!)._ __ 1 ~~0__ _ =1·~~~{1.128'(LN(C5)):3.6867L :_~~EXP(0.785~~~)):-2.71§) __ ~~ _ .:!:EXP(0.~19'tLti~~)~-.?~~~ =1'EXP(O.~!~~~))~Q~~~) 
~~uent ____ 1 __ ~?Q_____ =1:~XP(!J.~!:!'!{C6)):3.6867) _ =~~EXP{0.78~2·~~~~))~2.7~?l .. 24 _ =!'~Xf(O.B!~'(L~(g~))-!:3.7?§~) __ =1:~~P(0.~19:(LN(C.@+0.6848) 
~~~!:?! .... _. _ L. ___ ~~-- ______ ::texP{!J.2B'<LN(C7)):3.6867) _ ::rexP(0.7~~2'{LN{C7))~2.71§L, _ _ _ .:!·~~J'(o.e19'(L~~:m~_3.?~~L :=!'E?<~<o-~1~·<~<~m+q.684e> vy~-!:?! (H) , ~ ___ ~4~ _ 11_:?_ =1:~~~(!--J2B'(~~cs))~3.6867) _j =:1:ex~(Q.7B52~(~~(~)-2.7!§> _;96-J :=!'~?<P(o.e1~'(L~(~~))+3.7~~>-- =1·~~t:'(O.B19'lLN(~~))+0.684~) 
'fYf':Q~. _ _ 11 _. _ ~~Q ___ _ _ ___ __ =!:EX~(!J28:_(~~C9)):3.6867L_I' :.!:~xP(0.7852'~!!@ll:~J!?L i _. __ . =_!:!;~P(O.~!~'(L~Jg~)).~3._7~~§L :_r_EXP(Q,~~~=<~-~(~~)).~9:.6~~)_ 
WB-!:?3 (H) I~ . -~~~ . --. =!:~~~(1.128'_lLN(C!Q))-3.686I) ~ =:!:~~E(Q.-Z~2:(~1'11~!~>~.?1~) ~~9- =!'~~f'(9-~19'(L~jg!Q))+E?~~L :=!:EX~(Q-~~~=(lli(g!Q))+Q_.~~S)_ 
W~-0~ _ _ 1_ _j~~Q _________ :=~~.128'(LN(C11))-3.6867)_1':1'EXP(0.7852J!.N{C11)):2.71~--J- ___ =1'EXP(Q-~19'(LN(C11))+F256) =1'EXP(0.819'(LN(C11~0.684_!)_ 
W10-~5 ; 1 __ ~~Q ______ !__ ___ =_!'E~~1.128'(LN(C12)):3.6867) i ::::1'EXP(0.7852J.!:!i~))-2.7!~)_ 1 ______ =1:~~(Q-~19'(~N{C12li!'~-7256) =1'EXP(0.819'(LN(C12})+0.6848)_ 

W!5-01Q ___ '!. _ '220 ______ , ______ =_!'EXP(1.128~!i(g_1~)):3.686I) 1 =:_1'EXP(Q_.7852'~~(9~))-2.7!~ ____ =1'E~(9-~_19'(~~C14)l+~.725~L =1'EXP(O,!!!~~JC14))~Q,6848) 
W1~·09 /~ _ -~~~Q- -----1----- :.!'E~~(!,.!_28'(!:!'!{C1~)l:~.6867) !=:!:EXP(0.785?:~~JC13))-2.7~)~ ____ . =1:~~(9-~19'(~~gQ)l_+F256)_ =1'EXP{Q.,~!~~C13})+0.6848)_ 

W15-0 10 (H) !1 !220 !. :::t:~~P(1_. 1 ?..B:(~r-:!(~_1 5.)~.686?) i ::::._1~~~E(~?~.§.2'(!:..t!lC_! 5)}:Y! 5)_ ?_~ _ = 1_'E;?<_PtO.fj 19'(L~(C15l)_~_F25S) -;-fi:xP(0.819'{LN{C 15))+0.6841!1. 
LWC-300 ,1 

- -
Lead 

S~le ID~WER Hardness (IJg/L) Acute Criterion · Chronic Criteri 
\Yl-02 ____ f- 240---:- -=~_!:!;XP(1.273'{LN(C2i))--1.46} :=! 'EXP(1.27~~ 
~-02J!:!)_ _1_ -~~- _ ::1'E~!-273'(L~{C23}}:146) __ .:1'EXP(1.27~' 
~rt:Juen.!____ .!__::= 220 9.38 =1'EXP(1.273'~C2~))-1.46) =1'EXP(1.27~: 
'{\'~-01 __ _:_= !_ 240 =1'EXP{1.27~'{LN(C2~U:!~L- =1'EXP(1.273' 
W4-~! (!'i) ! _ .. ~41! ____ 35.~-- :=!:EX~(1p3:(~~{g~~~L :..!_'Ex~p-27~' 
'N~·Q.L ... _1_ 2~9 _ __:_ _ =1'EXP(1.273'{L~C2I.))-1.46) =1'EXPt1.273: 
W_f'-Q~ (H) _!_ __ ~4!!.__ -- 25.1-:: =1'EXP{1.273'{LN(C28))-1.46) =1'EXP{1.273' 
W9·0~-- 1 __ ~Q__ ~"EXP(1.273'(LN(C29))-1.46} =1'EXP(1.273' 
'N10-05 ·-1· 240 ---=1'EXP(1.273'(LN(C30)i:'1.46) =1.EXPC1.273~ 
'{VJ~:Q~--- 1 __ 250 _________ =!'EXP{~P3'(!:!'!{C31))-1.46} =1'EXP(1.273~ 
W.~~Q~Q .. ___ ! __ .. ~?Q . ________ =1'E~~(!-273'(!:!'!{C32}>-!.:.~ :=!'EXP(1.27~' 
~1_§_-~!Q ('::!} _!._____, ~~-1!_ _ -·- ----1 =1'EXP( 1.273'(LN(C33))-1.46) _=1'EXP( 1.273' 
LWC-300 

-= == ~ ==-~t= ------ -----------·· 
--------------· 

~ 



Sampling point Date Mercury 
1 6/24/03 0.038 
2 6/24/03 0.052 
3 6/24/03 0.18 
4 6/24/03 0.086 

'''5~"/· ' 6/24/03 "~o:ta: «' 

_.-,.._~- ~- . , 
·' ' 

.. s·. 6/24/03 ··-0.'099 
7 6/24/03 . J)::t2 

Table 2 
Sediment Analytical Data 

Drum Creek 

Arsenic Cadmium Chromium Lead 
2.3 1.8 8.68 8.87 
1.81 1.7 8.2 16 
3.17 2.55 9.7 24.5 
7.16 4.63 13.9 20.6 
30:7·; ',<i'43(); ... ,· '14.' -~ .·/~73···· 

"' 

11.4 9,0.4 11.7 ''-144 
13.9 :]3' 

. 
13.50 .:~.223' . 

':::~~~;; ~/; 6/24/03 :J;~i~~i~' ' 
'' 8.84 ··,;n.t . <, 18·6 .. ;;;:to9. 

~ .·· ~ ~-~:~~; j;~ '< ::;· 
........ 

', /. ;': :,·. ~ ~; 
.. .. ; " .'Yir:;q,/• '•' 

. ~:;: ;~~- ': :·· ·.· . . 
9 6/24/03 0.046 1.66 1.77 8.86 10.1 

10 6/24/03 0.051 18.5 14.3 11.6 48.2 

11 1/30/04 BDL 6.76 2.99 14.6 9.73 

Note: Parameters are in mg/L 

Zinc Sampling location 
49.9 S15-08 
81.2 514-07 
94.6 514-06 
78.8 510-02 

··1o:3oo· ··" ·~ccaofluenceJ . -~K~~ 

'57-01 .;-;: 
y: 

3,680 • 811-03 '; ~: ·: "' 
5,950 ,512.-04 

,:.:.·'!-·--

.. '.t . . -:·J .. ,; 
'1,520 · aOO>'dbwnstream troni 1#5. 7 
.. ; ;._;~h\>':S13~05 .'· .g.jfj . . .. 

49.6 Main Street bridge 

516-09 
517 Low water crossing 

517-010 
24.9 300' below low water 

crossing 
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This Public Health Statement is the summary chapter from the 
Toxicological Profile for cadmium. It is one in a series of 
Public Health Statements about hazardous substances and 
their health effects. A shorter version. the ToxFAQsTM, is also 
available. This information is important because this 
substance may harm you. The effects of exposure to any 
hazardous substance depend on the dose~ the duration, how 
you are exposed, personal traits and habits, and whether other 
chemicals are present. For more information, call the ATSDR 
Information Center at 1-888-422-873 i. 

This public health statement tells you about cadmium and the 
effects of exposure. 

The Environmental Protection Agency (EPA) identifies the most 
serious hazardous waste sites in the nation. These sites make up 
the National Priorities List (NPL) and are the sites targeted for a 
long-term federal cleanup. Cadmium has been found in at least 
776 ofthe 1,467 current or former NPL sites. However, its 
unknov.rn how many NPL sites have been evaluated for this 
substance. As more sites are evaluated, the sites with cadmium 
may increase. This is imponant because exposure to this 
substance may harm you and because these sites may be sources of 
exposure. 

\Vben a substance is released from a large area, such as an 
industrial plant, or from a container, such as a drum or bottle, it 
enters the em·ironment. This release does not always lead to 
exposure. You can be exposed to a substance only when you 
come in contact with it. You may be exposed by breathing. eating. 
or drinking the substance or by skin cont(lct. 

If you are exposed to cadmium, many factors determine whether 
you'll be harrned. These factors include the dose (how much}, the 
duration (how long), the chemical or physical form of cadmium 
present, and how you come in contact with it. You must also 
consider the other chemicals you're exposec:I to and your age. sex. 
dit!t. family tr;lits. lifestyle. and state of health. 

htt;:> :. · ·\\"ww. a tsd ~.cdc. g, l\ 'tox profiles:"ph :;.::; .hen I 
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L 1 \\"hat is cadmium? 
Cadmium is an element that Ol:curs naturally in the eanh's crust. 
Pure cadmium is a soft, silver-white metal. Cadmium is not 
usually present in the environment as a pure metal. but as a 
mineral combined with other dement~ such as oxygen (cadmium 
oxide), chlorine (cadmium chlorid~:). or sulfur (cadmium sulfat~:. 
cadmium sultide). Cadmium is most often present in nature as 
~omplex oxides, sulfides, and carbonates in zinc. lead. and copper 
t)res. It is rarely present in large L!Uantitie~ as the chlorides am! 
sulfatt!s. These ditTerent forms of cadmium compounds are soiids 
that dissolve in water to varying degrees. The chlorides and 
sulfates are the forms that most e:1sily dissolve in water. Cadmium 
may change forms, but the cadmium metal itself does not 
disappear from the environment. Knowing the panicular form of 
cadmium, however, is very imponant when determining the risk of 
potential adverse health effects. 

Cadmium compounds are often found in or attached to small 
panicles present in air. Most people can not tell by smell or taste 
that cadmium is present in air or water, because it does not have 
any recognizable taste or odor. Soils and rocks contain varying 
amounts of cadmium, generally in small amounts but sometimes in 
larger amounts (for example in some fossil fuels or fenilizers"L 

Most cadmium used in the United States is extracted as a by
product during the production of other metals such as zinc, lead, or 
copper. Cadmium has many uses in industry and consumer 
products, mainly in batteries, pigments, metal coatings, plastics, 
and some metal alloys. 

1.2 What happens to cadmium when it enters the 
environment? 

back to top 

It is estimated that about 25,000 to 30,000 tons of cadmium are 
released to the environment each year, about half from the 
weathering of rocks into river water and then to the oceans. Forest 
tires and volcanoes also release some cadmium to the air. Release 
of cadmium from human activities is estimated at from 4,000 to 
13,000 tons per year, with major contributions from mining 
activities, and burning of fossil fuels. Cadmium can enter the air 
from the burning of fossil fuels (e.g .. coal fired electrical plants) 
and from the burning ofhousehold waste. Because of regulations, 
only small amounts currently enter water from the disposal 0f 
waste water from households or industries. Fenilizers often 
l:ontain some cadmium that will enter the soil when fertilizers are 
applied to crops. Cadmium can also enter the soil or water from 
spills or leaks at hazardous waste sites iflarge amounts of 
dissolved cadmium are present at the site. The form of cadmium 
at these sites is important since many forms do not easily dissolve 
in water. 
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Cadmium that is in or attached to small particles can enter tht: air 
and tran.:! a long way before comint: down to earth as dust. or m 
rain or sn1w.:. The cadmium metal itsc:l f does not break down ir. 
tht! t:n\·in)nment. but it can change into different forms. Most 
forms of cJdmium stay for a long timr: in the same place whc:re 
they tirst entered the environmc:nt. Some forms of the c:1dmium 
that got!S into the water will bind to soil. hut some will remain in 
the water. Somt! forms of cadmium in soil can enter water or be 
t:J.ken ur ~y pi~nts. Fish. plants. and Jnimals cJn take some fo""T"::~ 
of cadmium into their bodies from air. water. or food. Cadmium 
can change forms in the body. but it also stays in the body for a 
very long time (years). 

1.3 How might I be exposed to cadmium? 
Food and cigarette smoke are the biggest sources of cadmium 
exposure for people in the general population. Average cadmium 
levels in U.S. foods range from 2 to 40 parts of cadmium per 
billion parts of food (2-40 ppb ). Lowest levels are in fruits and 
beverages, and highest levels are in leafy vegetables and potatoes. 
Air levels of cadmium in U.S. cities are low, ranging from less 
than I to 40 nanograms per cubic meter (ng'm3

) (a nanogram is 
one billionth of a gram). Air levels greater than 40 ng/m3 may 
occur in urban areas with high levels of air pollution from the 
burning of fossil fuels. The level of cadmium in most drinking 
water supplies is less than I ppb, well below the drinking water 
standard of 50 ppb. Levels in drinking water, however, may vary 
greatly depending on local conditions. The average level of 
cadmium in unpolluted soil is about 250 ppb. At hazardous waste 
sites. cadmium levels have been measured in soil at about 4 parts 
cadmium per million parts (4 ppm; a part per million is 1,000 
times more than a ppb) and in water at 6 ppm. In the United 
States. the average person eats food with about 30 micrograms 
(!lg) of cadmium in it each day, but only about 1-3 J.Lg per day of 
that cadmium from food is absorbed and enters the body. 
Cadmium exposure from smoking cigarettes may be a more 
serious health concern than cadmium in food. Smokers may 
double their d:1ily intake of cadmium compared with nonsmoke;-s. 
Each cigarette may contain from 1 to 2 J.Lg of cadmium. and -+0-
600'o of the cadmium in the inhaled smoke can pass through the 
lungs into the body. This means that smokers may take in an 
additional 1-3 )lg of cadmium into their body per day from each 
pack of cigarenes smoked. Smoke from other people's cigarettes 
probably does not cause nonsmokers to take in much cadmium. 

Aside from tobacco smokers. people who live near hazardous 
.. ...-aste sites or factories that release cadmium into the air ha\·e tht! 
potential for exposure to cadmium in air. However, numerous 
state and federal regulations control the amount of cadmium that 
can be released to the air from waste sites and incinerators s0 that 
properly regul:ned sites are not hazardous. The general populati~)n 

1 1 ..., "(\-:: 
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and p~opk living near hazardous waste sites may be exposed to 
cadmium in contaminated food. dust. or water from unregulated 
rele::1ses or accidental releases. Numerous regulations and use of 
pollution controls are enforced to prevent such releases. 

\\.-orker~ can be exposed to cadmium in air from the smelting and 
retining of metals. or from the air in plants that make cadmium 
pwducts such as batteries. coatings. or plastics. Workers can also 
be exposed when soldering or welding metal that contains 
cadmium. Approximately 512.000 workers in the United States 
are in environments each year where a cadmium exposure ma:-: 
vccur. Regulations that set permissible levels of exposur;;. 
however. are enforced to protect workers and to make sure that 
ievels of cadmium in the air are considerably below levels thought 
to result in harmful effects. 

ba.::k to '''P 

1.4 How can cadmium enter and leave my body? 
Cadmium can enter your body from the food you eat, the \Vater 
you drink, from particles it may be attached to in the air you 
breathe, or from breathing in cigarette smoke that contains 
cadmium. Higher amounts of cadmium can enter your body from 
the cadmium in air or smoke that you inhale (25 to 60% of the 
cadmium present) than from cadmium in foods you eat (about 5-
10% enters the body). The cadmium not taken into your body 
through the lungs is breathed out. The cadmium not taken into 
your body from food or water leaves your body in feces. If you do 
not eat foods that contain enough iron or other nutrients, you are 
likely to take up more cadmium from your food than usual. 
Virtually no cadmium enters your body through your skin. 

Most of the cadmium that enters your body goes to your kidney 
and liver and can remain there for many years. A small portion of 
the cadmium that enters your body leaves slowly in urine and 
feces. Your body can change most cadmium to a form that is not 
harmful, but too much cadmium can overload the ability of your 
liver and kidney to change the cadmium to a harmless form, and 
the harmful form may damage your health. 

back 10 top 

1.5 How can cadmium affect my health? 
The potential for cadmium to harm your health depends upon the 
form of cadmium present. the amount taken into your body. and 
whether the cadmium is e::1ten or breathed. There are rio known 
good etTects from taking in cadmium. Breathing air with very 
high levels of cadmium can severelv damage the lungs and mav - ., - - -
cause death. Breathing air with lower levels of cadmium over 
long periods of time (for years) results in a build-up of cadmium in 
th~ kidney, and if sufficiently high. may result in kidney disease. 
Other effects that may occur after breathing cadmium for a long 
time are lung damage and fragile bones. 

nt~p: · \\"\\"\\" .atsdr.cdc.g0v!toxprofiles·phs5 .html 



( 

A TSDR. - Public Health Statement: Cadr.1ium 

To proh::t:tthc.: public from the ham1ti.il c::ffe.:ts of toxic chemicals 
and to tind w~y::: to treat people wht) han: been harmed. s.:ientists 
use manv tt:st~. 

Page.: 5 of 1 1 

Ont: way t(l see if a chemical will hurt pc.:Pple i~ to learn how the 
chemic:.~! is ar:',)rbt:d. used. and n::kased by the body: for some 
chemicals. animal testing may be necessary. Animal testing may 
also be used t(' identify health effects such as cancer or birth 
defects. With0ut laboratory animals. scientists would lose a basic 
method to ge~ information needed tll make wise decisions to 
protect public health. Scientists have the responsibility to treat 
research animals with care and compassion. Laws today protect 
the welfare of research animals. and scientists must comply with 
strict animal care guidelines. 

·we do not have many good studies on the health effects of 
cadmium in people. Exposures to cadmium throughout most of 
the world are currently regulated so there are relatively few people 
receiving high levels, and the effects from long-term low-level 
exposure to cadmium are hard to determine with the many other 
factors that can come into play. A number of studies on workers 
exposed to cadmium in the air have not resulted in convincing 
evidence that cadmium can cause lung cancer in humans. In 
animals studies, mice or hamsters that breathed in cadmium did 
not get lung cancer, but rats that breathed in cadmium did develop 
lung cancer. There is no good information on people to suggest 
that breathing cadmium can affect your ability to have children. 
Female rats and mice, however, that breathed high levels of 

. cadmium had fewer litters, and their babies may have had more 
birth defects than usual. Breathing cadmium has also been shown 
to cause liver damage and changes in the immune system in rats 
and mice. There is no reliable information on people to indicate 
that breathing cadmium harms peoples' liver, hean, nervous 
system, or immune system. 

Eating food or drinking water with very high cadmium levels 
severely irritates the stomach, leading to vomiting and diarrhea, 
and sometimes death. Eating lower levels of cadmium over a long 
period of time can lead to a build-up of cadmium in the kidneys. 
If the levels reach a high enough level. the cadmium in the kidney 
will cause kidney damage, and also causes bones to become fragile 
and break easily. We do not have good direct information from 
people who hJse been exposed to cadmium to know if eating 
cadmium at lt~vels. below which other toxic effects are not seen, 
might effect your ability to have children. Animals eating or 
drinking cadmium sometimes get high blood pressure, iron-poor 
blood, liver disease, and nerve or brain damage. We have no good 
information 0n people to indicate that the levels that people would 
need to eat or drink cadmium to result in these diseases. or if thev 
would occur :.1t all. Studies of humans or animals that eat or drink 
cadmium haw not found increases in cancer, although additional 
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research is needed to be more certain that eating or drinking 
cadmium definitely does or does not c3use cancer.. Skin contact 
with cadmium is not known to affect the health of peoplt:! or 
animals because virtuallv no cadmium can enter the bodv throu!!h . - -
the skin under normal circumstances ( i .t: .. without exposure to 
very high concentrations for long times or t:!Xposure to skin that 
was not damaued) . 

Page 6 of I I 

. .1.s a conservative approach, and based on the limited human data 
and the studies in rats, the United Stares Department of Health and 
Human Services (DHHS) has determined that cadmium and 
cadmium compounds may reasonably be anticipated to be 
carcinogens. The International Agency for Research on Cancer 
(lARC) has determined that cadmium is carcinogenic to humans. 
The EPA has determined that cadmium is a probable human 
carcinogen by inhalation. 

back to top 

1.6 How can cadmium affect children? 
This section discusses potential health effects from exposures 
during the period from conception to maturity at 18 years of age in 
humans. Potential effects on children resulting from exposures of 
the parents are also considered. 

The health effects seen in children from exposure to toxic levels of 
cadmium are expected to be similar to the effects seen in adults 
(kidney, lung, and intestinal damage depending on the route of 
exposure). These effects are most easily seen in short-term high
level exposures. Harmful effects on child development or 
behavior have not generally been seen in populations exposed to 
cadmium, but more research is needed. It is also difficult to 
determine the cause ofharmful effects on child behavior or 
development from exposures to low levels over long periods of 
time, which are the most likely exposures for children as well 
adults in the general population. 

We do not know whether cadmium can cause birth defects in 
people. Studies in animals exposed to high enough levels of 
cadmium during pregnancy have resulted in harmful effects in the 
young. The nervous system appears to be the most sensitive 
target.. Young animals exposed to cadmium before birth have 
shown effects on behavior and learning. There is also some 
information from animal studies that high enough exposures to 
cadmium before birth can reduce body weights and affect the 
skeleton in the developing young. Similar effects, however. have 
not been observed in humans. Humans may respond differently or 
the exposure levels in humans may be considerably below the 
levels that produced these adverse effects in animals. More 
n:search on human health effects is needed to answer these 
questions. 
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t\·1ost cadmium taken into the stomach and intestines passes 
through without being absorbed. At hi!!h enou!.!h lt:vels. however. - - .... ..... 
damage w the stomach and intestint!s l:an occur. A few srudie~ in 
animals indicate that vounger animab ahs~)rb more cadmium than - -adults . .-\nimal studies also indicatt! that th~ young are more 
susceptible than adults to a loss of bon~: and decreased bone 
strength from exposure to cadmium. Animal studies also indicatt: 
that mvre cadmium is absorbed into the body from the diet if thl' 
diet is IL)w in calcium, protein, or iron. or if the diet is high in fat 
thecau~e fat slows down the passage of food in the gut and allows 
more time for absorption). Chiidren who do not get enough iron, 
calcium. or protein may also absorb more cadmium. 

Women \vith low levels of calcium or iron. due to multiple 
pregnancies and'or dietary deficiencies. may also absorb more 
cadmium when exposed to cadmium in food or water. Cadmium 
does not readily go from a pregnant woman's body into the 
developing child, but some can cross the placenta. Cadmium 
levels in human milk can also be from 5 to I 0% of the levels 
found in the mother's blood. 

back to 1op 

1.7 How can families reduce the risk of exposure to 
cadmium? 
If your doctor finds that you have been exposed to significant 
amounts of cadmium, ask your doctor if children may also be 
exposed. When necessary, your doctor may need to ask your state 
public health department to investigate. 

You can reduce the risk ofyour family being exposed to cadmium 
by identifying potential sources of cadmium exposure (in or 
around your home, at work, or where your children play), and by 
taking measures to prevent your family members from being 
exposed. A balanced diet that includes enough calcium, iron. 
protein. and zinc will also help reduce the amount of cadmium that 
may be absorbed into the body from food or drink.. 

Take an inventory of items in and around your home that might 
contain cadmium. Examples include fungicides (cadmium 
chloride), batteries (nickel-cadmium baneries also called Ni-Cad 
batteries), and hobbies that use materials that contain cadmium 
(elc=ctroplating or welding of metals. some fabric dyes, ceramic 
and glass glazes). Generally, the label of ingredients for a product 
will list cadmium or a cadmium compound as an active inb'Tedient. 
or you can contact the manufacturer and ask whether the item 
contains cadmium. If you think that a fertilizer might contain 
cadmium. ask the supplier or the manufacturer. The cadmium in 
these items would have to get into your body before it could do 
any harm. This could happen if. for example, a fungicide 
-.:llntaining cadmium was accidentally or intentionally swallowed. 
or if !\ii-Cad batteries were being burned in a waste incinerator and 
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a fami I y member was breathing in tht! smoke. or if you were 
weldin~ mt!tal alll)ys that contain cadmium or using a··cadmium 
glaze ~)n a piece l'f pottery and were breathing in funies that 
contained .::.~dmium. You can prt!vent these exposures by making 
sure that yPu and your family members do not accidentally 
S\valk,,,. substances that contain cadmium or breath~:! in air 
contaminated with cadmium. All cadmium-containing fungicides 
or dyes should be properly stored. safely out of the reach of 
childrt!n. If you or your family members have a hobby where 
metals or material::; that contain cadmium are being heated or 
welded. you should seek advice on proper ventilation of your 
workspa~e and the proper use of a safety respirator. 

Nickel-.:admium batteries are not harmful when properly used, but 
can release cadmium fumes ifbumed in an incinerator or waste 
fire. Breathing in these fumes may be harmful to your health. 
Small children also may mistake Ni-Cad batteries for toys and 
may accidentally swallow them. If the battery case is damaged, 
then some cadmium could escape and come in contact with the 
stomach or intestines. Keep Ni-Cad batteries out of the reach of 
small children, and teach your older children that the contents in 
Ni-Cad batteries can be harmful to their health if swallowed or 
burned. Teach your family how to properly dispose of the 
batteries. Information on where to dispose ofNi-Cad batteries is 
available from your city or county waste disposal office or the 
office for a waste disposal service. 

If you are using fungicides or fertilizers that contain cadmium on 
your lawn or garden. read the instructions to learn the safe way to 
use these materials. One possible route of exposure from 
fungicides or fertilizers would be from breathing in small particles 
of cadmium-containing dusts. Protective safety gear including dust 
masks are available at hardware and building supply stores. 

If you have a water well and are concerned that your water may 
contain cadmium, you can have your water tested. Water filters 
that remove cadmium, as well as lead and other metals, from 
drinking water are also available at your local stores. You should 
ask for advice from your public health officials or from 
knowledgeable suppliers of water filters on the proper filter or 
filters to use for your water system. 

It is sometimes possible to carry cadmium-containing dust from 
_work on your clothing, skin, hair, tools. or other objects removed 
from the workplace. This is particularly true when working in 
buildings where there is smelting or refining of cadmium
containing metal ores, soldering or welding of metals that contain 
cadmium, or where cadmium batteries, coatings, or plastics are 
made. You may contaminate your car, home, or other locations 
outside work where children might be exposed to cadmium. 
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Your occupational health and safety officer at work can and 
should tell you \\·hether chemicals you work v.:ith are dangerous 
and likelv to be carried home on vour clotht:s: bodv. or tools and 
whether you should bt: showering and changing cl~thes before you 
leave work. storing your street clothes in a separate area of the 
workplact:. or laundering your work clothes at home separately 
from otht:r clothes. If cadmium is being used in your workplace. 
there should he :1 material safety data shet:t (MSDS) available at 
your pla~e of work. as required by the Occupational Safety and 
Health Administration (OSHA). Tht: MSDS information will 
include the chemical name(s) of any hazardous cadmium 
ingredients. fire and explosion data. pote:-nial health effects, how 
you get the chemical(s) in your body, how to properly handle the 
materials. and what to do in an emergency. 

Your employer is legally responsible for providing a safe 
workplace and should freely answer your questions about 
hazardous chemicals. Your OSHA-approved state occupational 
safety and health program or OSHA can answer any further 
questions, and help your employer identify and correct problems 
with hazardous substances. Your OSHA-approved state 
occupational health program or OSHA will also listen to formal 
complaints you would like to make about workplace health 
hazards and will inspect your workplace, if necessary. Employees 
have a right to seek safety and health on the job without fear of 
punishment. 

Potential sources of exposure to cadmium away from home 
include exposures at hazardous waste sites or from air near waste 
incinerators. Young children should not play near or in hazardous 
wastes sites. and regulations that prevent this activity are generally 
enforced. Proper enforcement of regulations also prevents releases 
of cadmium to the air from waste incinerators or to water from 
hazardous waste sites. If you or your family live near a hazardous 
waste site and you have reason to believe that regulations are not 
being enforced and that you or your children are being exposed to 
cadmium, contact your local health official and report your 
concern. 

back to top 

1.8 Is there a medical test to determine whether I have 
been exposed to cadmium? 
You can be tested for exposure to cadmium in several ways. The 
amount of cadmium in your blood, urine, hair, or nails can be 
measured by some medical laboratories. The amount of cadmium 
in your blood shows your recent exposure to cadmium. The 
amount of cadmium in your urine shows both your recent and your 
past exposure. Cadmium levels in hair or nails are not as useful as 
an indication of when or how much cadmium you may have taken 
in. partly because cadmium from outside of your body may attach 
to the hair or nails. Tests are also available to measure the amount 
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of cadmium inside your liver and kidneys. The results of these 
tests can. help a doctor evaluate the risk of lt\·er or kidney disease. 
However. these tests are too costly and inclm\ enicnt for routine 
use. Your urine can he tested to see ir·yPur k1Jneys are damaged. 
If you do have kidney damage. the urint: tc:sts dl' not prove that 
cadmium caused the damage. 

back ll) top 

1.9 \Vhat recommendations has the federal government 
made to protect human health? 
The federal government develops regul:.niuns :md 
recommendations to protect pubiic health. R.:guiations can be 
enforced by law. Federal agencies that de\·elop regulations for 
toxic substances include the Environmental Protection Agency 
(EPA), the Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Administration (FDA). 
Recommendations provide valuable guidelines to protect public 
health but cannot be enforced by law. Federal organizations that 
develop recommendations for toxic substances include the Agency 
for Toxic Substances and Disease Registry (A TSDR) and the 
National Institute for Occupational Safety and Health (NIOSH). 

Regulations and recommendations can be expressed in not-to
exceed levels in air, water, soil, or food that are usually based on 
levels that affect animals, then they are adjusted to help protect 
people. Sometimes these not-to-exceed levels differ among 
federal organizations because of different exposure times (an 8-
hour workday or a :?.4-hour day), the use of different animal 
studies, or other factors. 

Recommendations and regulations are also periodically updated as 
more information becomes available. For the most current 
information. check with the federal agency or organization that 
provides it. Some regulations and recommendations for cadmium 
include the following: 

The government has taken steps to protect humans from excessive 
cadmium exposure. The EPA al1ows only up to S parts of 
cadmium per billion parts of water (5 ppb) in drinking water. The 
EPA also limits how much cadmium can be put into lakes, rivers, 
dumps, and cropland, and does not allow cadmium in pesticides. 
The FDA limits the amount of cadmium in food colors to 15 parts 
per million (ppm). 

OSHA now limits the amount of cadmium in \vorkplace air to 5 
micrograms per cubic meter (JJ.g:m3

). 

back to rop 

1.10 Where can I get more information? 
If you have any more questions or concerns. please contact 
your communi~· or state health or environmental quality 
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department or: 

Agency for Toxic Substances and Diseast: Registry 
Division ofToxicology 
1600 Clifton Road NE. Mailstop E-29 
Atlanta. GA 30333 

Information line and technical assistance: 

Phone: 888-422-8737 
FAX: (404)498-0093 

A TSDR can also tell you the location of occupational and 
environmental health clinics. These clinics specialize in 
recognizing. evaluating, and treating illnesses resulting from 
exposure to hazardous substances. 

To order toxicological proflles, contact: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 800-553-6847 or 703-605-6000 

Page II of II 
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This Public Health Statement is the summary chapter from the 
Toxicological Profile for zinc. It is one in a series of Public 
Health Statements about hazardous substances and their 
health effects. A shorter version, the ToxFAQsn1, is also 
available. This information is important because this 
substance may harm you. The effects of exposure to any 
hazardous substance depend on the dose~ the duration~ how 
you are exposed, personal traits and habits, and whether other 
chemicals are present. For more information, call the ATSDR 
Information Center at 1-888-422-8737. 

This public health statement tells you about zinc and the effects of 
exposure. Zinc is an essential element needed by your body and is 
commonly found in nutritional supplements. However, taking too 
much zinc into the body can affect your health. 

Tne Environmental Protection Agency (EPA) identifies the most 
serious hazardous waste sites in the nation. These sites make up 
the National Priorities List (NPL) and are the sites targeted for 
long-term federal cleanup activities. Zinc has been found in at 
least 953 of the I ,636 current or former NPL sites. However, the 
total number ofNPL sites evaluated for zinc is not kno\vn. As 
more sites are evaluated, the sites at which zinc is found may 
increase. This information is important because exposure to zinc 
may harm you and because these sites may be sources of exposure. 

Vvben a substance is released from a large area, such as an 
industrial plant. or from a container, such as a drum or bonle. it 
enters the envirorunent. This release does not always lead to 

exposure. You are exposed to a substance only when you come in 
contact with it. You may be exposed by breathing, eating, or 
drinking the substance. or by skin contact. 

If you are exposed to zinc, many factors determine whether you'll 
be harmed. These factors include the dose (how much). the 
dur:.1tion (how long), and how you come in contact with it. You 
must also consider the other chemicals you're exposed to and your 
age. sex, diet. family traits. lifestyle. and suite of health. 
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MMGs 

MHMis 

1 nterac~1on Profiles 

Pnonty L!St of Hazardous 
Substances 
D1v1S10n of Toxicology 

1. I \\"hat is zinc? 
Zinc is ont: of the most common elements in the t:arth's crust. Zinc 
is found in the:: :1ir. soil. and water and is present in all foods. In its 
pure ekmental 1 or metallic) form. zinc is :1 bluish-white. shiny 
metal. Plnvdered zinc is explosive ~nd may burst into tlames if 
stored in damp places. Metaliic zinc has many uses in industry. A 
common use is to coat iron or other metals tn prewnt rust and 
corrosion. Metallic zinc is also mixed with other metals to form 
alloys such as brass and bronze. A zinc and copper alloy is used to 
make pennies in the United States. Metallic zinc is also used to 
make dry cell batteries. 

Zinc can also combine with other elements. such as chlorine, 
oxygen. and sulfur, to form zinc compounds. Zinc compounds that 
may be found at hazardous waste sites are zinc chloride, zinc 
oxide. zinc sulfate, and zinc sulfide. Most zinc ore found naturally 
in the environment is in the form of zinc sulfide. Zinc compounds 
are widely used in industry. Zinc sulfide and zinc oxide are used to 
make white paints, ceramics, and other products. Zinc oxide is also 
used in producing rubber. Zinc compounds, such as zinc acetate. 
zinc chloride, and zinc sulfate, are used in preserving wood and in 
manufacturing and dyeing fabrics. Zinc chloride is also the major 
ingredient in smoke from smoke bombs. Zinc compounds are used 
by the drug industry as ingredients in some common products, 
such as vitamin supplements, sun blocks, diaper rash ointments, 
deodorants, athlete's foot preparations, acne and poison ivy 
preparations, and antidandruff shampoos. Information can be 
found on the chemical and physical properties of zinc in Chapter 4 
and on its occurrence and fate in the environment in Chapter 6. 

bac ~- _ro_!?l' 

1.2 What happens to zinc when it enters the environment? 
Zinc.enters the air, water, and soil as a result of both natural 
processes and human activities. Most zinc enters the environment 
as the result of mining, purifying of zinc, lead, and cadmium ores, 
steel production, coal burning, and burning of wastes. These 
activities can increase zinc levels in the atmosphere. Waste 
streams from zinc and other metal manufacturing and zinc 
chemical industries, domestic waste water, and run-off from soil 
containing zinc can discharge zinc into waterways. The level of 
zinc in soil increases mainly from disposal of zinc wastes from 
metai manufacturing industries and coal ash from electric utilities. 
In air. zinc is present mostly as fine dust particles. This dust 
eventually settles over land and water. Rain and snow aid in 
removing zinc from air. Most of the zinc in lakes or rivers settles 
on the bottom. However, a small amount may remain either 
dissolved in wJter or as fine suspended panicles. The level of 
dissolvt:d zinc in water may increase as the acidity of water 
incr::asr.:s. Fish can collect zinc in their bodies from water 
containing zinc. Most of the zinc in soil is bound to the soil and 
does not dissolve in water. However, depending on the type of 
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soil. some zinc may reach &'Toundwater. and contamination of 
groundwater has occurred from hazardous waste sites. Zinc mav - . 
be taken up by animals eating soil or drinking water containing 
zinc. For more int\.mnation about what happens t0 zinc in the 
environment. sc.::~.: Chapter 6. 

1.3 How might I be exposed to zinc? 
Zinc is an essenti:ll element needed by your body in small 
amounts. We are exposed to zinc compounds in food. The average 
daily zin~.: intake through the diet in this country ranges from 5.2 to 

16.2 millib-rrams {millib-rram = 0.00 I &'Tam). Food may contain 
levels of zinc ranging from approximately 1 pans of zinc per 
million (2 ppm) pans of foods (e.g., leafy vegetables) to 29 ppm 
(meats. fish. poultry). Zinc is also present in most drinking water. 
Drinking water or other beverages may contain high levels of zinc 
if they are stored in metal containers or flow through pipes that 
have been coated with zinc to resist rust. If you take more than the 
recommended daily amount of supplements containing zinc, you 
may ha\·e higher levels of zinc exposure. 

In general, levels of zinc in air are relatively low and fairly 
constant. Average levels of zinc in the air throughout the United 
States are less than 1 microgram of zinc per cubic meter (J..Lg/m3

;) 

of air. but range from 0.1 to 1. 7 ~g/m3 ; in areas near cities. Air 
near industrial areas may have higher levels of zinc. The average 
zinc concentration for a 1-year period was 5 ~g/m3 ; in one area 
near an industrial source. 

In addition to background exposure that all of us experience, about 
150,000 people also have a source of occupational exposure to 
zinc that might elevate their total exposure significantly above the 
average background exposure. Jobs where people are exposed to 
zinc include zinc mining, smelting, and welding; manufacture of 
brass, bronze, or other zinc-containing alloys; manufacture of 
galvanized metals; and manufacture of machine parts, rubber, 
paint, linoleum, oilcloths, batteries, some kinds of glass and 
ceramics, and dyes. People at construction jobs, automobile 
mechanics, and painters are also exposed to zinc. For more 
information on exposure to zinc, see Chapter 6. 

1.4 How can zinc enter and leave my body? 
Zinc can enter the body through the digestive tract when you eat 
food or drink water containing it. Zinc can also enter through your 
lungs if you inhale zinc dust or fumes from zinc-smelting or zinc
welding operations on your job. The amount of zinc that passes 
directly through the skin is relatively small. The most likely rout~ 
of exposure near NPL waste sites is through drinking water 
containing a high amount of zinc. Zinc is stored throughout the 
body. Zinc increases in blood and bone most rapidly after 
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exposure. Zinc m<~y stay in the bone for m;:my days after exposure. 
Normallv. zinc ka\·es the bodv in urine and feces. More 
information on hln\· zinc eme;s and leaves your body can be found 
in Chapter ~. 

1.5 How can zinc affect my health? 
To protect tht: puhlic from the harmful eftt:cts of toxic chemicals 
and to tind w~y~ to tn::at peopk who have been harmed, scientists 
use many tests. 

One way to se~ if ;1 chemical will hurt people is to learn how the 
chemical is abSl)rbed. used, and released by the body; for some 
chemicals, anir.1al testing may be necessary. :\nimal testing may 
also be used to identify health effects such as cancer or birth 
defects. Without laboratory animals, scientists would lose a basic 
method to get information needed to make wise decisions to 
protect public health. Scientists have the responsibility to treat 
research animals \..-ith care and compassion. Laws today protect 
the welfare of research animals, and scientists must comply with 
strict animal care guidelines. 

Inhaling large amounts of zinc (as zinc dust or fumes from 
smelting or welding) can cause a specific short-term disease called 
metal fume fe\·er. However, very little is known about the long
term effects of breathing zinc dust or fumes. 

Taking too much zinc into the body through food, water, or dietary 
supplements can also affect health. The levels of zinc that produce 
adverse health effects are much higher than the Recommended 
Dietary Allowances (RDA.s) for zinc of 11 mg/day for men and 8 
mgiday for women. If large doses of zinc ( 10-15 times higher than 
the RDA) are taken by mouth even for a short time, stomach 
cramps, nausea. and vomiting may occur. Ingesting high levels of 
zinc for several months may cause anemia, damage the pancreas, 
and decrease levels ofhigh-density lipoprotein (HDL) cholesterol. 

Eating food containing very iarge amounts of zinc (I ,000 times 
higher than the RDA) for several months caused many health 
effects in rats. mice. and ferrets. including anemia and injury to the 
pancreas and kidney. Rats that ate very large amounts of zinc 
became infertile. Rats that ate very large amounts of zinc after 
becoming preg:tant had smaller babies. Putting low levels of 
certain zinc compounds, such as zinc acetate and zinc chloride. on 
the skin of rabbits. guinea pigs. and mice caused skin irritation. 
Skin irritation from exposure to these chemicals would probably 
occur in hum::ms. EPA has determined that because of lack of 
infonnation. zinc is not classifiable as to its human 
carcJnogenJcJry. 

Consuming wo little zinc is at least as important a health prohlem 



( 

_.:.,. -;-sDR - PubiiL Hc::alth Statement: Zinc.: 

as consuming tt)L' much zinc. Without en0ug.h zinc in the diet, 
people may expc::rience loss of appetite. dccreasc::d sense of taste 
and smell, dc::creasc::d immune function. slow wound he::lling, and 
skin sores. Too linle zinc in the diet may :.liSt' cause:: poorly 
developed sex organs and retarded growth in :-~)ung men. If a 
pregnant woman doc::s not get enough zinc. her habies may have 
birth defects. 

!'vlore infonnatilm on the health effects linkc::d \\·ith exposure tO 

higher-than-n0rmal levels of zinc is presc::nted in Chapter 3. 

Page:; 0f~ 
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1.6 How can zinc affect children? 
This section discusses potential health etfects from exposures 
during the period from conception to maturity at 18 years of age in 
humans. 

Zinc is essential for proper growth and development of young 
children. Mothers who did not eat enough zinc during pregnancy 
had a higher frequency ofbirth defects and gave birth to smaller 
children (lower birth weight) than mothers whose zinc levels were 
sufficient. Very young children who did not receive enough zinc in 
the diet were smaller, both in length and in body weight, than 
children who ate enough zinc. Some foods, such as soy-based 
formulas, contain high levels of phytate, which can result in a 
decreased absorption of zinc in the diet. Too much of these foods 
may result in effects similar to those that occur when children 
receive too little zinc in the diet. 

Little is known about whether children who eat too much zinc will 
react differently from adults who have ingested large amounts of 
zinc. A child who accidentally drank a large amount of a caustic 
zinc solution was found to have damage to his mouth and stomach, 
and later to his pancreas, but similar effects have been seen in 
adults who accidentally drank the same solution. 

back to top 
- . . . . 

1.7 How can families reduce the ·risk of exposure to zinc? 
If your doctor finds that you have been exposed to significant 
amounts of zinc, ask whether your children might also be exposed. 
Your doctor might need to ask your state health department to 
investigate. 

Children living near waste sites containing zinc are likely to be 
exposed to higher environmental levels of zinc through breathing. 
drinking cont:.uninated drinking \Vater, touching soil. and eating 
contaminated soil. Children sometimes eat dirt, which should be 
discouraged. Parents should supervise to see that children wash 
their hands frequently and before eating. Parents should consult 
their family physicians about whether (and how) hand-to-mouth 
b~havil)rs in their children might be discouraged. A more complete 

htt:."l: \\"\\"W .:.Jt~dr.cdc.~(W 'roxnro:i ks !"'h:::c'O. hnnl 
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discussion can l"le found in Section 3.11 oftheprl'iik. 

Childn.:n and Jdult::; require a certain amount ui" ;in.: in th~ diet in 
order to remain he:1lthy. Ho\vever. overuse:: of :'l'ITII.: mt:di~ines or 
vitamin suppkments containing zinc mighi bt· harn1ful: these 
medicines sh0uld always be used appropriately. lfyl)U :.tn.: 
accidentally exposed to large amounts of zinc. (<ln::;ult a physician 
immediatelv. 

1.8 Is there a medical test to determine whether l have 
been exposed to zinc 
A medical test exists that can determine whether your body fluids 
contain high levels of zinc. Samples of blood or feces can be collected in 
a doctor's office and sent to a laboratory that can measure zinc levels. It 
is easier for most laboratories to measure zinc in blood than in feces. 
The presence of high levels of zinc in the feces can mean recent high 
zinc exposure. High levels of zinc in the blood can mean high zinc 
consumption and/or high exposure. High zinc levels in blood or feces 
reflect the level of exposure to zinc. Measuring zinc levels in urine and 
saliva also may provide information about zinc exposure. Tests to 
measure zinc in hair may provide information on long-term zinc 
exposure; however. no useful correlation has been found between hair 
zinc levels and zinc exposure and these tests are not routinely used. 
More information on tests to measure zinc in the body can be found in 
Chapter 7. 

b:~ck to rop 

1.9 What recommendations has the federal government 
made to protect human health? 
Tne federal government develops regulations and 
recommendations to protect public health. Regulations can be 
enforced by law. Federal agencies that develop regulations for 
toxic substances include the Environmental Protection Agency 
(EPA), the Occupational Safety and Health Admipistration 
(OSHA). and the Food and Drug Administration (FDA). 
Recommendations provide valuable guidelines to protect public 
health but cannot be enforced by law. Federal organizations that 
develop recommendations for toxic substances incluqe the Agency 
for Toxic Substances and Disease Registry (A TSDR) and the 
National lnstitute for Occupational Safety and Health (NIOSH). 

Regulations and recommendations can be expressed in not-to
exceed levels in air, water. soil, or food that are usually based on 
levels that affect animals: then they are adjusted to help protect 
people. Sometimes these not-to-exceed levels differ among feder::tl 
organizations because of different exposure times (an S-hour 
workday or a 24-hour day). the use of different animal studies, or 
other factors. 

Recommendations and regulations are also periodically upd::tted as 
more information becomes available. For the most current 
information. check with the federal agency or organization that 

1'12 '0~ 
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provides it. Some rC!,.'Ulations and recommendations tor zinc 
include the ti.)lltw.·ing: 

The federal gl1n:mmcnt has set standards and guidelines to protect 
individuals from the potential health effects of ex~essi,·e zinc. 

Page i of~ 

EPA has stated that drinking water should contain no more than 5 
mg of zinc per liter of water (5 mg/L or 5 ppm) he.:ausc of taste. 
Funherrnore. any rele:1se of more than 1.000 pl1unds (or in some. 
cases 5.000 pound!') of zinc or its compound!.' inTl' the environment 
(i.e., water. soil. or air) must be reponed to EPA. 

The National Academy of Sciences (NAS) estimates an RDA for 
zinc of II mg.·day (men). Eleven mg/day is the same as 0.16 mg 
per kilogram (kgl of body weight per day for an average adult 
male (70 kg). An RDA of 8 mgiday, or 0.13 mg per kg of body 
weight for an average adult female (60 kg), was established for 
women because they usually weigh less than men. Lower zinc 
intake was recommended for infants (2-3 mglday) and children (5-
9 mg/day) because of their lower average body weights. The RDA 
provides a level of adequate nutritional status for most of the 
population. Extra dietary levels of zinc are recommended for 
women during pregnancy and lactation. An RDA of 11-12 mg!day 
was set for pregnant women. Women who nurse their babies need 
12-13 mglday. 

To protect workers, OSHA has set an average legal limit of 1 
mg/m3

; for zinc chloride fumes and 5 mg!m3
; for zinc oxide (dusts 

and fumes) in workplace air during an 8 hour workday, 40 hour 
work week. This regulation means that the workroom air should 
contain no more than an average of 1 mg/m3

; of zinc chloride over 
an 8 hour working shift of a 40 hour work week. NIOSH similarly 
recommends that the level of zinc oxide in workplace air should 
not exceed an average of 1 mg/m3

; over a 10 hour period of a 40 
hour work week. For more information on recommendations and 
standards for zinc exposure, see Chapter 8. 

back to top 

1.10 Where can I get more information? 
If you have any more questions or concerns, please contact 
your community or state health or environmental quali~· 
department or: 

Agency for Toxic Substances and Disease Registry 
Division ofToxico1ogy 
1600 Clifton Road NE, Mailstop E-29 
Atlanta. GA 30333 

Information line and technical assistance: 

Phone: 888-422-8737 
FAX: (404)498-0093 

http:· ;,,.,,.w .:J.bd:-.i.:dc.g<w ·wxprofih:s.'ph~60. htrn 1 



( 

A TSDR- Public Health Statement: Zinc 

A TSDR can ab~) tell you the location of occupational and 
environmental health clinics. These clinics specialize in 
recognizing. e\·aluating. and treating illnesses resulting from 
exposure to hazardous ~ubstances. 

To order toxicological profiles. contact: 

National Te~..:hnical Information Service 
5285 Pon Royal Road 
Springfield. VA 22161 
Phone: ~00-553-6847 or 703-605-6000 

References 
Agency for Toxic Substances and Disease Registry (ATSDR). 
2003. ToxicL)h.1gi~al profile for zinc. Atlanta, GA: U.S. 
Department of Health and Humari Services. Public Health 
Service. 
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This Public Health Statement is the summary chapter from the 
Toxicological Profile for lead. It is one in a series of Public 
Health Statements about hazardous substances and their 
health effects. A shorter version, the ToxFAQs™, is also 
available. This information is important because this 
substance may harm you. The effects of exposure to any 
hazardous substance depend on the dose, the duration, how 
you are exposed~ personal traits and habits, and whether other 
chemicals are present. For more information, call the ATSDR 
Information Center at 1-888-422-8737. 

This public health statement tells you about lead and the effects of 
exposure. 

The Envimonmetal Protection Agency (EPA) identifies the most 
serious hazardous waste sites in the nation. These sites make up 
the National Priorities List (NPL) and are the sites targeted for 
long-term federal cleanup activities. Lead has been found in at 
least 1,026 of the 1,467 current or former NPL sites. However, the 
total number ofNPL sites evaluated for this substance is not 
known. As more sites are evalbated, the sites at which lead is 
found may increase. This information is important because 
exposure to this substance may harm you and because these sites 
may be sources of exposure. 

\\'hen a substance is released from a large area, such as an 
industrial plant. or from a container, such as a drum or bottle. it 
enters the em·ironment. This release does not always result in 
exposure. }" ou are exposed to a substance only when you come in 
contact with it. You may be exposed by breathing, eating, or 
drinking the substance or by skin contact. 

If you are exposed to lead, many factors determine whether you'll 
be harmed. These factors include the dose (how much), the 
duration (how long), and how you come in contact with it. You 
must also consider the other chemicals you're exposed to and your 
age, sex, diet. family traits, lifestyle, and sta~e ofhealth 

http: 'www .atsdr.cdc.gov 1 tOxprofilesiph~ I 3 .honl 
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1.1 \\"hat is lead'? 
Lead is a namrally occurring bluish-gr:1y metal founJ in small 
amounts in the earth's crust. It h:1s no ch;.~r~H.:t~.:ristic t:Iste or smell. 
Metallic lead doe~ not dissolve in watt:r and dl)Cs not hum. Lead 
can combine:: with other chemicals to fom1 "vhat are usually known 
as lead compl)unds or le:1d salts. Som~ kad s:.1lts dissoln: in water 
better than others. Some natural and manufactured substances 
contain lead hut do not look like lead in its mt:tallic form. Some of 
these substances (;ar. hum-for exampk. Prg;mic le:.~d compounds 
in some gasolines. 

Lead has man~· different uses. Its most imponant use is in the 
production of some types of batteries. It is also used in the 
production of ammunition, in some kinds of metal products (such 
as sheet lead. solder, some brass and bronze products, and pipes), 
and in ceramic glazes. Some chemicals containing lead, such as 
tetraethyllead and tetramethyl lead, were once used as gasoline 
additives to increase octane rating. Hov.'ever, their use was phased 
out in the 19S0s. and lead was banned for use in gasoline for 
transponation beginning January 1, 1996. Other chemicals 
containing lead are used in paint. The amount of lead added to 
paints and ceramic products, caulking, gasoline, and solder has 
also been reduced in recent years to minimize lead's harmful 
effects on people and animals. Lead used in ammunition, which is 
the largest non-battery end-use, has remained fairly constant in 
recent years. Lead is used in a large variety of medical equipment 
(radiation shields for protection against X-rays, electronic ceramic 
parts of ultrasound machines, intravenous pumps, fetal monitors, 
and surgical equipment). Lead is also used in scientific equipment 
(circuit boards for computers and other electronic circuitry) and 
military equipment (jet turbine engine blades, military tracking 
systems). 

Most lead used by industry comes from mined ores ("primary") or 
from recycled scrap metal or batteries ("secondary"). Human 
activities (such as the former use of "leaded" gasoline) have spread 
lead and substances that contain lead to all pans of the 
environment. For example, lead is in air, drinking water, ri\·ers, 
lakes, oceans. dust, and soil. Lead is also in plants and animals 
that people m;.~y eat. 

1.2 What happens to lead when it enters the 
environment? 
Lead occurs nJturally in the environment. However, most of the 
lead found throughout the environment comes from human 
activities. Before the use of leaded gasoline was banned. most of 
the lead rele:.1:-:ed into the U.S. environment came from car 
exhaust. In 1979. cJrs released 94.6 million kilograms (kg: 1 kg 
equals 2.2 pl)unds) oflead into the air in the United States. In 
1989, when the use of lead was limited but not banned. cars 
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releJsed only 2.2 million kg to the air. Sinc..:t: EPA hanned the use 
of leaded gasoline for highway transportatit)n in I ()96. the amount 
of lead released into the air has decreased further. Other sources 
of lead released to the air include burning fud. such as coal or oil. 
industrial processes. and burning solid wa~tt:. Once lead goes into 
the atmosphere. it may travel thousands oi miles if the iead 
particles are small or if the lead compounds easily eYaporate. 
Lead is remoYed from the air by rain and by particles falling to the 
g.ound or into surface water. 

The release of lead to air is now less than the release of lead to 
kind. !\.·lost of the lead in inner ciry soils Cl)mes from old houses 
painted with paint containing lead and preYious automotive 
exhaust emined when gasoline contained lead. Landfills may 
contain waste from lead ore mining, ammunition manufacturing, 
or other industrial activities such as battery production. 

Sources of lead in dust and soil include lead that falls to the 
ground from the air, and weathering and chipping oflead-based 
paint from buildings and other structures. Lead in dust may also 
come from windblown soil. Disposal of lead in municipal and 
hazardous waste dump sites may also add lead to soil. Mining 
wastes that have been used for sandlots, driveways, and roadbeds 
can be also sources of lead. 

Higher levels of lead in soil can be measured near roadways. This 
accumulation came from car exhaust in the past. Once lead falls 
onto soil, it usually sticks to soil particles. Small amounts oflead 
may enter rivers, lakes, and streams when soil particles are moved 
by rainwater. Lead may remain stuck to soil particles in water for 
many years. Movement of lead from soil particles into 
underground \Vater or drinking water is unlikely unless the water is 
acidic or "soft." Movement oflead from soil will also depend on 
the type oflead salt or compound and on the physical and 
chemical characteristics of the soil. 

Sources of lead in surface water or sediment include deposits of 
lead-containing dust from the aonosphere, waste water from 
industries that handle lead (primarily iron and steel industries and 
lead producers), urban runoff, and mining piles. 

Some of the chemicals that contain lead are broken down by 
sunlight. air. and water to other forms of lead. Lead compounds in 
water may combine with different ch~icals depending on the 
acidiry and temperature of the water. Lead itself cannot be broken 
d()\VTl. 

The levels of lead may build up in plants and animals from areas 
where air. water, or soil are contaminated with lead. If animals eat 
l.:l~Dtaminated plants or animals. most of the "lead that they eat will 
pass through their bodies. 
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1.3 How might I be exposed to lead'? 
People living near hazardous waste sites may he exposed tel iead 
and chemicals that contain lead by breathing air. drinking water. 
eating foods. or swallowing or touching dust or dirt that contains 
lt!ad. For people who do not live near hazardL)US waste sites. 
exposure to lead may occur in several ways: (I J by eating foods or 
drinking ware:- that contain lead. (2) by spending time in area~ 
·where leadec paints have been used and ;.1re d~;;t~rior~ning. (3) by 
working in jobs where lead is used. ( 4) hy using health-care 
products Oi f0lk remedies that contain lead. and (5) by hJ\·in; 
hobbies in which lead may be used such as sculpturing (lead 
solder) and staining glass. 

Foods such as fruits, vegetables, meats, grains, seafood, soft 
drinks, and .. ,·ine may have lead in them. Cigarette smoke also 
contains small amounts oflead. Lead gets into food from water 
during cooking and into foods and beverages from dust that 
contains lead falling onto crops, from plants absorbing lead that is 
in the soil. and from dust that contains lead falling onto food 
during processing. Lead may also enter foods if they are pu~ into 
improperly glazed pottery or ceramic dishes and from leaded
crystal glassware. Illegal whiskey made using stills that contain 
lead-soldered pans (such as truck radiators) may also contain 
lead. The amount oflead found in canned foods decreased Si% 
from 1980 to 1988, which indicates that the chance of exposure to 
lead in canned food from lead-soldered containers has been greatly 
reduced. Lead may also be released from soldered joints in kettles 
used to boil water for beverages. 

In general, very little lead is found in lakes, rivers, or groundwater 
used to supply the public with drinking water. More than 990:(, of 
all publicly supplied drinking water contains less than 0.005 pans 
oflead per million parts of water (ppm). However, the amount of 
lead taken into your body through drinking water can be higher in 
communities \vith acidic water supplies. Acidic water makes it 
easier for the lead found in pipes, leaded solder. and brass faucets 
to enter water. Public water treatment systems are now required to 
use control measures to make water less acidic. Sources of lead in 
drinking water include lead that can come out of lead pipes. 
faucets. and leaded solder used in plumbing. Plumbing that 
contains lead may be found in public drinking v.'ater systems. and 
in houses, apartment buildings, and public buildings that are more 
than twenty years old. 

Brt!athing in or swallowing airborne dust and din that have kad in 
tht!m is another way you can be exposed. ln 1984, burning leaded 
gasoline:: wa..~ the single largest source oflead emissions. Very little 
lead in the air comes from gasoline now because EPA has banned 
its use in gasoline. Other sources oflead in the air include releases 

http:- ww\v.atsdr..::dc.g0v'toxprofiles!ph:d 3.html 1·12.!03 
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to the air from industries involved in iron and steel production. 
lead-acid-battery manufacturing. and non-ferrous (brass and 
bronze) foundries. Lead released into air may also come from 
burning of solid kad-containing waste. windblown dust. 
volcanoes. exhaust from workroom air. burning or weathering of 
lead-painted surfaces. fumes from leaded gasoline, and cigarette 
smoke. 

Skin cont:.~ct \\·ith dust and dirt containing lead occurs e\·ery d<!y. 
Some cosmetics and hair dyes contain lead compounds. However. 
not much lead can get into your body through your skin. Leaded 
gasoline contains a lead compound that may be quickly absorbed. 

In the home. you or your children may be exposed to lead if you 
take some types of home remedy medicines that contain lead 
compounds. Lead compounds are in some non-Western 
cosmetics. such as surma and kohl. Some types ofhair colorants 
and dyes contain lead acetate. Read the labels on hair coloring 
products. use them with caution, and keep them away from 
children. 

People who are exposed at work are usually exposed by breathing 
in air that contains lead particles. Exposure to lead occurs in many 
jobs. People who work in lead smelting and refining industries, 
brass/bronze foundries, rubber products and plastics ·industries, 
soldering, steel welding and cutting operations, battery 
manufacturing plants, and lead compound manufacturing 
industries may be exposed to lead. Construction workers and 
people who work at municipal waste incinerators, pottery and 
ceramics industries, radiator repair shops, and other industries that 
use lead solder may also be exposed. Between 0.5 and 1.5 million 
workers are exposed to lead in the workplace. In California alone, 
more than 200,000 workers are exposed to lead. Families of 
workers may be exposed to higher levels oflead when workers 
bring home lead dust on their work clothes. 

You may also be exposed to lead in the home if you work with 
stained glass as a hobby, make lead fishing weights or 
ammunition, or if you are involved in home renovation that 
involves the removal of old lead-based paint. 

back w tor 

1.4 How can lead enter and leave my body? 
Some of the lead that enters your body comes from breathing in 
dust or chemicals that contain lead. Once this lead gets into your 
lungs, it goes quickly to other pans of the body in your blood. 

You may swallow lead by eating food and drinking liquids that 
contain it. and also by swallowing large particles (diameter greater· 
th~m 5 micrometers: 1 micrometer is one millionth of a meter). 
Most of the lead that enters your body comes through swallowing. 
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your blood and other parts of your body. In addition to the lead 
that may be:: prest:nt in food and drink. accidental ingestion of lead 
mav occur due h' skin contamination while catin!!. drinkin!!. , - ..... 
smoking. or applying. cosmetics (including lip balm). The amount 
that gets into your body from your stomach partially depends on 
when you ate your last meal. It also depends on how old you are 
and how well the lead panides you ate dissolved in your stomach 
juices. Expe:-imenrs using adult volunteers showed that. for adults 
who had just eatcn. the amount of lead that got into the blood from 
the stomach \\"a~ only about 6~o ofthe total amount taken in. In 
adults who had nor eaten for a day, about 60-80%, of the lead from 
the stomach got into their blood. In general, if adults and children 
swallow the same amount of lead. a bigger proportion of the 
amount swallowed will enter the biood in children than in adults. 

Dust and soil that contain lead may get on your skin, but only a 
small portion of the lead will pass through your skin and enter 
your blood if it is not washed off. More lead can pass through skin 
that has been damaged (for example by scrapes, scratches, and 
wounds). The only kinds of lead compounds that easily penetrate 
the skin are the additives in leaded gasoline. which is no longer 
sold to the general public. Therefore, the general public is not 
likely to encounter lead that can enter through the skin. 

Shortly after lead gets into your body, it travels in the blood to the 
"soft tissues" (such as the liver, kidneys, lungs, brain, spleen. 
muscles, and heart). After several weeks, most of the lead moves 
into your bones and teeth. In adults, about 94% of the total 
amount of lead in the body is contained in the bones and teeth. 
About 73% of the lead in children's bodies is stored in their 
bones. Some of the lead can stay in your bones for decades; 
however, some lead can leave your bones and reenter your blood 
and organs under certain circumstances, for example, during 
pregnancy and periods of breast feeding, after a bone is broken, 
and during ad\·ancing age. 

Your body does not change lead into any other form. Once it is 
taken in and distributed to your organs, the lead that is not stored 
in your bones leaves your body in your urine or your feces.. About 
99~'o of the amount of lead taken into the body of an adult will 
leave in the waste within a couple of weeks, but only about 32% of 
the lead taken into the body of a child will leave in the waste. 
Under conditions of continued exposure. not all the lead that enters 
the body will be eliminated, and this may result in accumulation of 
iead in body tissues. notably bone. 

ba.:k to top 

1.5 How can lead affect my health? 
The effects of lead are the same whether it enters the body through 
breathing or swallowing. The main target for lead toxicity is the 
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nervous system. both in adults and in children. LL'ng-tt:nn 
exposure of adults to lead at work has resultt:d in decreased 
performance in some tests that measure functions t' f the nervous 
system. Lead exposure may also cause weakness in fingers. wrists, 
or ankles. Some studies in humans have suggested that lead 
exposure may im:n:ase hlood pressure. but the e\·idcnce is 
inconclusive. Lead exposure may also cause anemia. a low 
number of blood cells. The connection ber\\·ec::n the L'ccurrence of 
some of these etTects (e.g .. increased blood pressure. altered 
function of the nervous system) and low levels l,f exposure to lead 
is not cenain. At high levels of exposure. lt:ad c:m severely 
damage the brain and kidneys in adults or children. In pregnant 
women. high levels of exposure to lead may cause miscarriage. 
High-level exposure in men can damage the organs responsible for 
sperm production. 

To protect the public from the harmful effects of toxic chemicals 
and to find ways to treat people who have been harmed. scientists 
use many tests. 

One way to see if a chemical will hun people is to learn how the 
chemical is absorbed, used, and released by the body: for some 
chemicals, animal testing may be necessary. Animal testing may 
also be used to identify health effects such as cancer or birth 
defects. Without laboratory animals, scientists would lose a basic 
method to get information needed to make wise decisions to 
protect public health. Scientists have the responsibility to treat 
research animals with care and compassion. Laws today protect 
the welfare of research animals, and scientists must comply with 
strict animal care guidelines. 

We have no proof that lead causes cancer in humans. Kidney 
tumors have developed in rats and mice given large doses oflead. 
The animal studies have been criticized because of the very high 
doses used, among other things. The results of high-dose studies 
should not be used to predict whether lead may cause cancer in 
humans. The Department of Health and Human Services (DHHS) 
h~ determined that lead acetate and lead phosphate may 
reasonably be expected to be capable of causing cancer. based on 
sufficient evidence from animal studies, but there is inadequate 
evidence from human studies. ··s ........ · _,...,. 

• ~ ·~ j.. 

back ro wp 

1.6 How can lead affect children? 
This section discusses potential health effects from exposures 
during the period from conception to maturity at 18 years of age in 
humans. Potential effects on children resulting from exposures of 
the parents are also considered. 

Studies carried out by the Center for Disease Control and 
Prevention (CDC) show that the levels of lead in the blood ofU.S. 

http: www .atsdr . .:dc.go\·troxprotiles:phs 10.html 



A TSDR - Publi..: i-kalth Statement: Lead 

children have been getting lower and lower. This is ht:cause lead 
is banned from gasoline. residential paint. and solder that is used 
for food cans and water pipes. Still. about 900.000 l .. S. children 
between the ages of I and 5 years are believed to h;.~n: hlnod le;.~d 
levels equal or greater than I 0 ~g.'dl. the CDC kvcl 1)f Cl)ncem. 

Page 8 of 14 

Children are more vulnerable to lead poisoning than :J.dults. 
Children are exposed to lead all through their lives. They can be 
exp.osed to lead in the womb if their mothers haH' kad in their 
bodies. Babies can swallow lead when they breast feed. or eat 
other foods and drink water that contains lead. Babies and 
children can swallow and breathe lead in dirt. dust. or sand while 
they play on the floor or ground. These activities make it easier 
for children to be exposed to lead than adults. The din or dust on 
their hands, toys, and other items may have lead panicles in it. In 
some cases children swallow nonfood items such as paint chips; 
these may contain very large amounts of lead, particularly in and 
around older houses that were painted with lead-based paint. The 
paint in these houses often chips off and mixes with dust and din. 
Some old paint is 5--40% lead. Also, compared to adults. a bigger 
proportion of the amount of lead swallowed will enter the blood in 
children. 

Children are more sensitive to the effects oflead than adults. Lead 
affects children in different ways depending how much lead a 
child swallows. A child who swallows large amounts of lead will 
develop blood anemia, kidney damage, colic (severe 
"stomachache"), muscle weakness, and brain damage which can 
kill the child. A large amount of lead might get into a child's body 
if the child ate small pieces of old paint that contained large 
amounts of lead. If a child swallows smaller amounts of lead. 
much less severe effects on blood and brain function may occur. 
In this case, recovery is likely once the child is removed from the 
source oflead exposure and the amount of lead in the child· s body 
is lowered by giving the child certain drugs that help eliminate 
lead from the body. At still lower levels of exposure, lead can 
affect a child's mental and physical growth. Fetuses exposed to 
lead in the womb, because their mothers had a lot of lead in their 
bodies, may be born prematurely and have lower weights at birth. 
Exposure in the womb, in infancy, or in early childhood may also 
slow mental development and lower intelligence later in 
childhood. There is evidence that some effects may persist beyond 
childhood. 

Health workers can find out whether a child may have been 
exposed to harmful levels of lead by taking a blood sample. They 
can also find out how much lead is in a child's bones by taking a 
special type of X-ray of the finger. knee, or elbow. 

1.7 How can families reduce the risk of exposure to lead~ 
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If your doctor tinds that you have been exposed to signi ticant 
:.tmounts of lead. ask your doctor if children may als(l be t:xposed. 
When necessary your doctor may need to ask your state public 
he:.tlth department to investigate. 

The most important way families can lower exposures to lead is to 
know about the snurces oflead in their homes and a\·oid exposure 
to these sources. s,)me homes or day-care facilities may have 
more lead in them than others. Families ~·ho live in or \·isit these 
piaces may be expc,sed to higher amounts of lead. Th~:se include 
homes built betore 1978 that may have been painted with paint 
t..1at contains lead (lead-based paint). If you are buying ~home 
that was built before 1978. you may want ro known if it contains 
lead based paint. Federal government regulations require a person 
selling a home to tell the real estate agent or person buying the 
home of any known lead-based hazards on the property. Adding 
lead to paint is no longer allowed. If your house was built before 
1978, it may have been painted with lead-based paint. This lead 
may still be on walls. floors, ceilings, and window sills, or on the 
outside walls of the house. The paint may have been scraped off 
by a previous owner, and the paint chips and dust may still be in 
the yard soil. In some states, homeowners can have the paint in 
their homes tested for lead by their local health departments. 
Families can lower the possibility of children swallowing paint 
chips by not allowing their children to chew or mouth these 
painted surfaces and be sure they wash their hands often. 
especially before eating. Families can also have a professional 
lead paint removal expert remove and dispose of peeling or flaking 
paint or painted surfaces, and repaint the surface. Using heat guns 
or dry scrapping of old lead containing paint during home 
reconstruction and remodeling can be a substantial source of lead 
exposure to children. Surfaces should be tested before such 
activities, and professional home repair personnel should be 
consulted to make sure that safe procedures are used and removed 
materials and dust are contained in order to keep exposures to 
children to a minimum. These repairs should not be made by 
homeowners themselves, unless they consult with a professional to 
get the inform:.ttion they need to prevent the possibility of lead 
poisoning during or after the repairs. 

Older homes that have plumbing with lead or lead solder may have 
higher amounts of lead in drinking water. You cannot see. taste, 
or smell lead in water, and boiling your water will not get rid of 
le:.td. Running your water for 15 to 30 seconds before drinking or 
cooking with it will get rid of lead that may leach out from the 
pipes. especially if you have not used your water for a while. for 
example. overnight. You can contact your local health deparonem 
or water supplier to find out about testing your water for lead. 

You can bring lead home in the dust on your hands or clothes if 
lead is used in the place where you work. Lead dust is likely to he 

http: ··www.atsdr.cdc.gcl\· ·tm;rrotilesiph:> l3.hnnl 12'03 
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found in places where kad is mined or smelted. where car 
baneries are mad~! or recycled. where electric cable sheathing is 
made, where fine crystal glass is made, or where cenain types of 
ceramic ponery are made. Pets can also bring lead into the: home 
in dust or din on their fur or feet if they spend time in placc:s that 
have high levels of lead in the soil. 

Lead may be taken up in edible plants from the soil hy the roots: 
therefore. home gardeninf may also contribute to exposure if the 
produce is grown in soils that have high lead concentrations. 
Cenain hobbies and home or car repair activities like radiator 
repair can add lead to the home as well. These include soldering 
glass or metal. making bullets or slugs, or glazing pottery. Some 
non-Western .. folk remedies .. contain lead. Examples of these 
include greta and azarcon used to treat diarrhea. 

Some types of paints and pigments that are used as facial make-up 
or hair coloring contain lead. Cosmetics that contain lead include 
surma and kohl. which are popular in cenain Asian countries. 
Read the labels on hair coloring products, and keep hair dyes that 
contain lead acetate away from children. Do not allow children to 
touch hair that has been colored with lead-containing dyes or any 
surfaces that have come into contact with these dyes because lead 
compounds can rub off onto their hands and be transferred to their 
mouths. 

Swallowing of lead in house dust or soil is a very imponant 
exposure pathway for children. This problem can be reduced in 
many ways. Regtilar hand and face washing to remove lead dusts 
and soil, especially before meals, can lower the possibility that 
lead on the skin is accidentally S\vallowed while eating. Families 
can lower exposures to lead by regularly cleaning the home of dust 
and tracked in soil. Door mats can help lower the amount of soil 
that is tracked into the home~ removing your shoes before will also 
help. Planting grass and shrubs over bare soil areas in the yard can 
lower contact that children and pets may have with soil and the 
tracking of soil into the home. 

Families whose members are exposed to lead dusts at work can 
keep these dusts out of reach of children by showering and 
changing clothes before leaving work, and bagging their work 
clothes before they are brought into the home for cleaning. Proper 
ventilation and cleaning-during and after hobby activities. home 
or auto repair activities. and hair coloring with products that 
contain lead-will decrease the possibility of exposure. 

It is imponant that children have proper nutrition and eat a 
balanced diet of foods that supply adequate amounts of vitamins 
and minerals. especially calcium and iron. yood nutrition lowers 
the amount of swallowed lead that passes to the bloodstream and 
also inay lower some of the toxic effects of lead. 

1 "1.., 'f)~ 
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You can find out whether your child may ha\·e been ex.posed·to 
lead by ha\·ing your do~tor take a blood sample. 

1.8 Is there a medical test to determine whether I have 
been exposed to lead'? 
The amount of total lead in the blood can be measurl!d.to 
determine if exposure to lead has occurred. This test can tell if 
you have been recently :!Xposed to lead. Lead can be measmed 
lead in teeth O(bones hy X-ray techniques. but these methods are 
not widely aYaiiahle. These tests tell about long-term exposures to 
lead. Exposure to lead can be evaluated b;: measuring ~rythrocyte 
protoporphyrin (EP) in blood samples. EP is a part ofred blood 
cells known to increase \vhen the amount of lead in the blood is 
high. However, the EP JeyeJ is not sensitive enough to identify 
children with elevated blood lead levels below about 25 
micrograms per deciliter (!lg/dl). For this reason, the primary 
screening method is measurement ofblood lead. 

back w top 

1.9 What recommendations has the federal government 
made to protect human health? 
The federal government develops regulations and 
recommendations to protect public health. Regulations can be 
enforced by law. Federal agencies that develop regulations for 
toxic substances include the Environmental Protection Agency 
(EPA), the Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Administration (FDA). 
Recommendations provide valuable guidelines to protect public 
health but cannot be enforced by law. Federal organizations that 
develop recommendations for toxic substances include the Agency 
for Toxic Substances and Disease Registry (ATSDR) and the 
National Institute for Occupational Safety and Health (NIOSH). 

Regulations and recommendations can be expressed in not-to
exceed levels in air, water, soil, or food that are usually based on 
levels that affect animals; then they are adjusted to help protect 
people. Sometimes these not-to-exceed levels differ among 
federal organizations because of different exposure times (an 8-
hour workday or a 24-hour day). the use of different animal 
studies, or other factors. 

Recommendations and regulations are also periodically updated as 
more information becomes available. For the most current 
information, check with the federal aeencv or or2anization that - . -
provides it. Some regulations and recommendations for lead 
include the following: 

CDC recommends that states develop a plan to find children who 
may be exposed to lead and have their bloo'd tested for lead. They 
make basic recommendations for states to follow. These include 

1 '1 ") '(\ ~ 
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testing children at ages I and 2. Children who are .3 to r. ~cars old 
should be tested if they have never been tested tor kad before and 
they receive services from public assistance programs for the poor 
such as Medicaid or the Supplemental Food Program tor Women. 
Infants and Children (\VIC): if they live in a building or frequt::Hly 
,·isit a house built before I <J50: if they visit a home (hllU:'e or 
apartment) built before 1978 that has been recently n.:mt>deled: or 
if they have a brother. sister. or playmate who has had kaJ 
poisoning. 

CDC considers children to have an elevated level of leud if the 
amount of lead in the blood is at least 10 11g/dL. Medical 
evaluation and environmental investigation and remediation 
should be done for all children with blood lead levels equal or 
greater than 20 J..lg/dL. Medical treatment may be necessary in 
children if the lead concentration in blood is higher than 45 J..Lg/dL. 

EPA requires that the concentration oflead in air that the public 
breathes be no higher than 1.5 micrograms per cubic meter 
(J..lglm3) averaged over 3 months. EPA regulations no longer allow 
lead in gasoline. The Clean Air Act Amendments (CA..A..A) of 
1990 banned the sale of leaded gasoline as of December 31, 1995. 

EPA regulations also limit lead in drinking water to 0.015 
milligrams per liter (mg/L). The 1988 Lead Contamination 
Control Act requires the Consumer Product Safety Commission 
(CPSC), EPA, and the states to recall or repair water coolers 
containing lead. This law also requires new coolers to be lead
free. In addition, drinking water in schools must be tested for lead, 
and the sources of lead in this water must be removed. 

To help protect small children, CPSC requires that the 
concentration of lead in most paints available through normal 
consumer channels be not more than 0.06%. The Federal 
Hazardous Substance Act (FHSA) bans children's products 
containing hazardous amounts of lead. 

The Department of Housing and Urban Development (HUD) 
develops recommendations and regulations to preveni exposure to 
lead. HUD requires that federally funded housing and 
renovations. public housing, and Indian housing be tested for lead
based paint hazards and that such hazards be fixed by covering the 
paint or removing it. When determining whether lead-based paint 
applied to interior or exterior painted surfaces of dwellings should 
be removed. the standard used by EPA and HUD is that paint with 
a lead concentration equal to or greater than 1.0 milli!:,'fam per 
square centimeter (mgicm~) of surface area should be removed or 
otherwise treated. HUD is carrying out demonstration projects to 
determine the best ways of covering or removing lead-based paint 
in housing. ' -
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EPA has developed standards for lead paint hazards. lead in dust. 
and lead in soil. To educ:ne parents. homeowners. and tenants 
about lead hazards. lead poisoning prevention in the home.:. and the 
lt::ad abatement process. EPA has published several gcnc::ral 
information pamphlets. Copies ofthese pamphlets can he 
ohtained from the National Lead Information Center or from 
various Internet sites. including h_t_!el~www.e~~.:~o\··opptintrk;.~d. 

OSHA regulations limit the concentration of lead in \vorkwom air 
to 50 ~g/m3 for an 8-hour workday. If a worker has a bloud lead 
level of 50 Jlg/dL, then OSHA requires that worker be remtwed 
from the workroom where lead exposure is occurring. 

FDA includes lead on its list of poisonous and deleterious 
substances. FDA considers foods packaged in cans containing 
lead solders to be adulterated. Tin-coated lead foil has been used 
as a covering applied over the cork and neck areas of wine bottles 
for decorative purposes and to prevent insect infestations. 
Because it can be reasonably expected that lead could become a 
component of the wine, the use ofthese capsules is also a violation 
of the Federal Food, Drug, and Cosmetic Act. FDA has reviewed 
several direct human food ingredients and has determined them to 
be "generally recognized as safe" when used in accordance with 
current good manufacturing practices. Some of these ingredients 
contain allowable lead concentrations that range from 0.1 to I 0 
parts per million (ppm). 

back to top 

1.10 Where can I get more information? 
lfyou have any more questions or concerns, please contact 
your community or state health or environmental quality 
department or: 

Agency for Toxic Substances and Disease Registry 
Division ofToxicology 
1600 Clifton Road NE, Mailstop E-29 
Atlanta, GA 30333 

Information line and technical assistance: 

Phone: SSS-422-8737 
FAX: ( 404 )498-0093 

A TSDR can also tell you the location of occupational and 
environmental health clinics. These clinics specialize in 
recognizing, evaluating, and treating illnesses resulting from 
exposure to hazardous substances. · 

To order toxicological profiles, contact: 

National Technical Information Service 

http://www .::nsdr.cdc.gc'v itoxprofilesiphs;. 3. hnnl I '12/03 
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5.:!85 Port Royal Road 
Springfield. VA 22 I o I 
Phone: 800-553-6847 or 703-605-6000 
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This Public Health Statement is the summary chapter from the 
Toxicological Pr·ofile for arsenic. It is one in a series of Public 
Health Statements about hazardous substances and their 
health effects. A shorter version, the Toxf AQsTM, is also 
available. This information is important because this 
substance may harm you. The effects of exposure to any 
hazardous substance depend on the dose, the duration, how 
you are exposed, personal traits and habits, and whether other 
chemicals are present. For more information, call the ATSDR 
Information Center at 1-888-422-8i37. 

This public health statement tells you about arsenic and the effects 
of exposure. 

The Environmental Protection Agency (EPA) identifies the most 
serious hazardous waste sites in the nation. These sites make up 
the National Priorities List (NPL) and are the sites targeted for 
long-term federal cleanup activities. Arsenic has been found in at 
least 1,014 of the 1,598 current orfonner NPL sites. However, the 

· total number ofNPL sites evaluated for this substance is not 
known. As more sites are evaluated, the sites at which arsenic is 
found may increase. This information is important because 
exposure to this substance may harm you and because these sites . 
may be sources of exposure. 

\Vhen a subst::mce is released from a large area, such as an 
industrial plant. or from a container, such as a drum or bottle, it 
enters the em·ironment. This release does not always lead to 
exposure. You are exposed to a substance only when you come in 
contact with it. '{ou may be exposed by breathing, eating, or 
drinking the substance, or by skin contact. 

If you are exposed to arsenic, many factors determine whether 
you'll be harmed. These factors include the dose (how much), the 
duration (how long), and how you come in contact with it. You 
must also consider the other chemicals you are exposed to and 
your age, sex. diet. family traits. lifestyle. and state ofhealth. 

1.1 What is arsenic? 

h~r :! 'w\\·w .:nsdr.cdc .go\·/toxprofi les/phs2 .html I :1 ~/03 
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Su:Js;a'"'•ces 

D1v1s'or, of I ox1cology 

.A..rsenic is an elemt:nt that is widely distrihuted in the earth's crust. 
Elemental arsenic is ordinarily a steel =-Tft:y metal-like: material that 
sometimes occurs naturally. However. ars~.:ni.:: is usually found in 
the en\·ironment c0mbined with other c:lt:mc:nts such as oxygen. 
chiorine. and sulfur. Arsenic combined with these dements is 
called inorganic arsenic. Arsenic comhinc.::J with carbon and 
hydrogen is referred to as organic arsenic. L. nderstanding the 
difference between inorganic and organic Jrsenic is important 
because the organic forms are usually les~: harmful than the 
inorganic fonns. 

Most inorganic and organic arsenic compounds are white or 
colorless powders that do not evaporate. They have no smell, and 
most have no special taste. Thus, you usually cannot tell if arsenic 
is present in your food, water, or air. 

Inorganic arsenic occurs naturally in soil and in many kinds of 
rock, especially in minerals and ores that contain copper or le~d. 
When these ores are heated in smelters, most of the arsenic goes 
up the stack and enters the air as a fine dust. Smelters may collect 
this dust and take out the arsenic as arsenic trioxide. However, 
arsenic is no longer produced in the United States; all the arsenic 
we use is imported. 

Presently about 90% of all arsenic produced is used as a 
preservative for wood to make it resistant to rotting and decay. 
The preservative is chromated copper arsenate (CCA) and the 
treated wood is referred to as "pressure-treated." In the past, 
arsenic was primarily used as a pesticide, primarily on cotton 
fields and in orchards. Inorganic arsenic compounds can no longer 
be used iri agricultUre. However, organic arsenicals, namely 
cacodylic acid, disodium methylarsenate (DSMA), and 
monosodium methylarsenate (MSMA) are still used as pesticides, 
principally on cotton. Small quantities of arsenic metal are added 
to other metals fanning metal mixtures or alloys with improved 
properties. The greatest use of arsenic in alloys is in lead-acid 
batteries used in automobiles. Another important use of arsenic 
compounds is in semiconductors and light-emitting diodes. 

To learn more about the properties and uses of arsenic, see 
Chapters 3 and 4 of the toxicological profile. 

1.2 What happens to arsenic when it enters the environment~ 
Arsenic occurs naturally in soil and minerals and therefore it may 
enter the air, water. and land from wind-blown dust and may get 
into water from runoff and leaching. Volcanic eruptions are 
another source of arsenic. Arsenic is associated with ores mined 
for metals, such as copper and lead, and may enter the 
environment during the mining and smelting of these ores. Small 
amounts of arsenic also may be released into the atmosphere from 
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coal-fired power plants and incineratNs hecJu:-;e Cl'ar and waste 
products often contain some arsenic. 

P~ge 3 of 12 

Arsenic cannlll he destroyed in the enviwnment. lr can only 
change its form. or become attached or separ:.lled. from panicles. lt 
may change ib furm by reacting with oxygen l1r other molecules 
present in air. water. or soil, or by the actil)n of hacteria that live in 
soil or sediment . .-\rsenic released from PL'wcr plants and other 
combustion processes is usually attached to very small panicles. 
Arsenic wmained in wind-borne soil is generJlly found in larger 
particles. These panicles settle to the b-'TOund or are washed out of 
the air by rain. Arsenic that is anached to \·er: small particles may 
stay in the air for many days and travel long distances. Many 
common arsenic compounds can dissolve in water. Thus, arsenic 
can get into lakes, rivers, or underground water by dissolving in 
rain or snow or through the discharge of industrial wastes. Some 
of the arsenic will stick to particles in the water or sediment on the 
bonom of the lakes or river, and some will be carried along by the 
water. Ultimately most arsenic ends up in the soil or sediment. 
Although some fish and shellfish take in arsenic which may build 
up in tissues. most ofthis arsenic is in a form (often called "fish 
arsenic") that is less harmful. 

For more information on how arsenic behaves in the environment, 
see Chapter 5 of the toxicological profile. 

back to top 

1.3 How might I be exposed to arsenic? 
Arsenic is found naturally in the environment. You may be 
exposed to arsenic by eating food, drinking water, or breathing air. 
Children may also be exposed to arsenic by eating din. You may 
also be exposed by skin contact with soil or water that contains 
arsenic. Anal;1ical methods used by scientists to determine the 
levels of arsenic in the environment generally do not determine the 
specific form of arsenic present. Therefore, we do not always 
know the form of arsenic a person may be exposed to. Similarly. 
we often do not know what forms of arsenic are present at 
hazardous w:1ste sites. Some forms of arsenic may be so tightiy 
attached to particles or embedded in minerals that they are not 
taken up by plants and animals. 

The concentr:uion of arsenic in soil varies widely. generally 
ranging from about I to 40 parts of arsenic to a million parts of 
soil UJpm) with an average level of 5 ppm. However soils in the 
vic.inity of arsenic-rich geological deposits. some mining and 
smelting sites. or agricultural areas where arsenic pesticides had 
been applied in the past may contain much higher levels of 
arsenic. The concentration of arsenic in natural surface and 
k'TOundwater is generally about 1 pan in a billion pans of water (I 
ppb) but may exceed 1,000 ppb in mining areas or where arsenic 
levels in soil:u-e high. Groundwater is far more likely to contain 

hnp: ''www .atsdr. cdc .go\·'toxp:-ofi lesiphs2.html 
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high levels 0f arsenic than surface water. Surveys of U.S. drinking 
water indicate that about 80~·o of water sup pi ies have less than 2 
ppb of arsenic. hut 2°/o of supplies exceed 20 pph of arsenic. 
Levels 0f arsenic in food range from about :w w 140 ppb. 
However. lt:veb nf inorganic arsenic. the fonn (,f most concern. 
are far IL'wer. Lt:,·els of arsenic in the air generally range from less 
than I t0 ahout 2.000 nanograms ( 1 nanogram equals a billionth of 
a gram) of arseni~.: per cubic meter of air (less than 1-2.000 ng.tm;-). 
depending on k'cJtion. weather conditions. and the level of 
industrial acti' ity in the area. However urban areas generally have 
mean arsenic len~ls in air ranging from 20 to 30 ng·mJ. most of 
which is attached to small panicles. 

You normally take in small amounts of arsenic in the air you 
breathe, the \Vater you drink, and the food you eat. Of these, food 
is usually the largest source of arsenic. Fish and seafood contain 
the greatest amounts of arsenic, but this is mostly the organic form 
of arsenic that is less harmful. Children are likely to eat small 
amounts of dust or dirt each day, so this is another way they may 
be exposed to arsenic. The total amount of arsenic you take in 
from these sources is generally about 50 f.lg each day. The level of 
inorganic arsenic ·(the form of most concern) you take in from 
these sources is generally about 3.5 f.1g/day. 

In addition to the normal levels of arsenic in air, water, soil, and 
food, you could be exposed to higher levels in several ways, such 
as the following: 

• Some areas of the United States contain unusually high 
natural levels of arsenic in rock, and this can lead to 
unusually high levels of arsenic in soil or water. If you live 
in an area like this, you could take in elevated amounts of 
arsenic in drinking water. Children may be taking in arsenic 
because ofhand to mouth contact or eating dirt. 

• Some hazardous waste sites contain large quantities of 
arsenic. If the material is not properly disposed of, it can get 
into surrounding water, air, or soil. If you live near such a 
site, you could be exposed to elevated levels of arsenic from 
these media . 

• ·If you work in an occupation that involves arsenic 
production or use (for example, copper or lead smelting, 
wood treating. pesticide application), you could be exposed 
to elevated levels of arsenic during your work . 

• If you saw or sand arsenic-treated wood, you could inhale 
some of the sawdust into your nose or throat. Similarly, if 
you burn arsenic-treated wood, you could inhale arsenic in 
the smoke . 

• If you Jive in a formerly agricultural area where arsenic was 
used on crops. the soil could contain high levels of arsenic . 

• In the past. several kinds of products used in the home (rat 
poison. am poison. weed killer. some types ofmedicines) 
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had arsenic in them. However. most of these uses of arsenic 
have ended. so you are not likely to ht: exposed from home 
products any longer. 

1· ou can tind more information on how you may be exposed to 
arsenic in Chaptt:r 5 of the toxicological profile. 

1.4 How can arsenic enter and leave m~· body? 
If you swallow arsenic in water. soil. or food. most of the arse:-~ic 
rriay quickly enter into your body. The Uffil)Unt that enters your 
body will depend on how much you swallow and the kind of 
arsenic that you swallow. This is the most likely way for you to be 
exposed near a waste site. If you breathe air that contains arsenic 
dusts, many of the dust particles settle onto the lining of the lungs. 
Most of the arsenic in these particles is then taken up from the 
lungs into the body. You might be exposed in this way near waste 
sites where arsenic-contaminated soils are allowed to blow into the 
air. If you get arsenic-contaminated soil or water on your skin, 
only a small amount will go through your skin into your body, so 
this is usually not of concern. 

If you are exposed to arsenic, your liver changes some of this to a 
less harmful organic form. Both inorganic and organic forms leave 
your body in your urine. Most of the arsenic will be. gone within 
several days, although some will remain in your body for several 
months or even longer. 

You can find more information on how arsenic enters and leaves 
your body in Chapter 2 of the toxicological profile. 

back to top 

1.5 How can arsenic affect my health? 
To protect the public from the harmful effects of toxic chemicals 
and to find w;1ys to treat people who have been harmed. scientists 
use many tests. 

One way to see if a chemical will hurt people is to learn how the 
chemical is absorbed. used, and released by the body; for some 
chemicals, animal testing may be necessary. Animal testing may 
also be used to identify health effects such as cancer or birth 
defects. Without laboratory animals, scientists would lose a basic 
method to get information needed to make wise decisions to 
protect public health. Scientists have the responsibility to treat 
research animals with care and compassion. Laws today protect 
the welfare of research animals, and scientists must comply with 
strict animal care guidelines. 

Inorganic arsenic has been recognized as a human poison since 
ancient times. and large oral doses (above 60,000 ppb in food or 
water) can produce death. If you swallow lower levels ofinorg:.mic 
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arsenic (ranging !Tom Jbout 300 to 30.000 pph in food or water). 
you may experience irritation of your stomJ..:h and intestines. with 
symptoms such as stomach ache. nausea. \l1m1ting. and diarrhea. 
Other effects you might experience from S\\·a!ltl\\'ing inorganic 
arsenic include decreased production of red anJ white blood cells 
which may cause fatigue. abnormal hcan rhythm. bk,od-vesscl 
damage resulting in bruising. and impaired nerw function causing 
a "pins and needles" sensation in your hanJs and feet. 

Perhaps the singk most characteristic efti::ct t'f long-term oral 
exposure to inorg:mic arsenic is a pattern L'f skin changes. These 
include a darkening of the skin and the appearance of small 
"corns" or "wans" on the palms. soles. and torso. A small number 
of the corns may ultimately develop into skin cancer. Swallowing 
arsenic has also been reported to increase the risk of cancer in the 
liver, bladder, kidneys. prostate, and lungs. The Department of 
Health and Human Services (DHHS) has determined that 
inorganic arsenic is a known carcinogen. The International Agency 
for Research on Cancer (IARC) has determined that inorganic 
arsenic is carcinogenic to humans. Both the EPA and the National 
Toxicology Program (NTP) have classified inorganic arsenic as a 
known human carcinogen. 

If you breathe high levels of inorganic arsenic. you are likely to 
experience a sore throat and irritated lungs. You may also develop 
some of the skin effects mentioned above. The exposure level that 
produces these effects is uncertain, but it is probably above I 00 
micrograms of arsenic per cubic meter ( glm3

) for a brief exposure. 
Longer exposure at lower concentrations can lead to skin effects, 
and also to circulatory and peripheral nervous disorders. There are 
some data suggesting that inhalation of inorganic arsenic may also 
interfere with normal fetal development, although this is not 
certain. An important concern is the ability of inhaled inorganic 
arsenic to increase the risk of lung cancer. This has been seen 
mostly in workers exposed to arsenic at smelters, mines, and 
chemical factories, but also in residents living near smelters and 
arsenical chemical factories. People who live near waste sites with 
arsenic may have an increased risk oflung cancer as well. 

If you have direct skin contact with inorganic arsenic compounds. 
your skin may become irritated, with some redness and swelling. 
However, it does not appear that skin contact is likely to lead to 
any serious internal effects. 

Despite·all the adverse health effects associated with inorganic 
arsenic exposure, there is some evidence that the small amounts of 
arsenic in the normal diet (I 0-50 ppb) may be beneficial to your 
health. For example, animals fed a diet with unusually low 
concentrations of arsenic did not gain weight normally. They also 
became pregnant less frequently than animals fed a diet containing 
a normal amount of arsenic. Further, the offspring from these 
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animals tended ll1 be;: smaller than normal. and some di~d at an 
early age. Ho\vl·ver. no cases of arsenic detic1ency in humans have 
ever been reponl!d. 

Almost no information is available on the eftt!cts pf l1rganic 
arsenic compounds in humans. Studies in animals show that most 
simple organic arsenic compounds (such a~ methyl and dimethyl 
compounds) are less toxic than the inorganic t~1m1s and that some 
complex. organic arsenic compounds are vinually nPn-toxic. 
However. high doses can produce some of the same ettects. Thus. 
if you are exposed to high doses of an organic arsenic compound. 
you might develop nerve injury, stomach irritation. or other 
effects, but this is not known for certain. 

You can find more information on the health effects of inorganic 
and organic arsenic in Chapter 2 of the toxicological profile. 

back to top 

1.6 How can arsenic affect children? 
This section discusses potential health effects from exposures 
during the period from conception to maturi ry at I 8 years of age in 
humans. 

Children are exposed to arsenic in many of the same ways that 
adults are. Since arsenic is found in the soil, wat~r, food, and air, 
children may take in arsenic in the air they breathe, the water they 
drink, and the food they eat. Since children tend to eat or drink less 
of a variety of foods and beverages than do adults, ingestion of 
contaminated food or juice or infant formula made with arsenic
contaminated water may represent a significant source of 
exposure. In addition, since children often play in the din and put 
their hands in their mouths and sometimes intentionally eat din, 
ingestion of contaminated soil may be a more important source of 
arsenic exposure for children than for adults. In areas of the United 
States where natural levels of arsenic in the soil and water are 
high, or in areas in and around contaminated waste sites, exposure 
of children to arsenic through ingestion of soil and water may be 
significant. In addition, contact with adults who are wearing 
clothes contaminated with arsenic (e.g., with dust from copper- or 
lead-smelting factories, from wood-treating or pesticide 
application, or from arsenic-treated wood) could be a source of 
exposure. Because of the tendency of children to taste things that 
they find. accidental poisoning from ingestion of pesticides is also 
a possibility. Thus, although most of the exposure pathways for 
children are the same as those for adults, children may be at a 
higher risk of exposure because of their lack of consistent hygiene 
practices and their curiosity about unknown powders and liquids. 

Children who are exposed to arsenic may have many of the same 
effects as adults, including irritation of the stomach and intestines. 
blood vessel damage, skin changes. and reduced nerve function. 
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Thus, all health dlects observed in adults are llf potl:!ntial concern 
in children. \Ve do not know if absorption of arsenic from the gut 
in children differs from adults. There is some information 
suggesting that c.:hildren may be less efficient at wnq;nin~ 
inorganic arsenic to the less harmful organic furms. For this 
reason, children may be more susceptible to ht:J!th dlects from 
inorganic arsenic than adults. 

At present. there is no convincing evidence that inhaled l)r 
ingested arsenic can injure pregnant women or their feruses. 
although studies in animals show that large doses of arsenic that 
cause illness in pregnant females can also cause low binh weight. 
fetal malformations. and even fetal death. Arsenic can cross the 
placenta and has been found in fetal tissues. Arsenic is found at 
low levels in breast milk. 

You can find more information about how arsenic can affect 
children in Sections 2.7 and 5.6 of the toxicological profile. 

back to top 

1. 7 How can fam:ilies reduce the risk of exposure to arsenic? 
If your doctor finds that you have been exposed to significant 
amounts of arsenic, ask whether your children might also be 
exposed. Your doctor might need to ask your state health 
deparnnent to investigate. 

If you use arsenic-treated wood in home projects, personal 
protection from exposure to arsenic-con.taining sawdust may be 
helpful in limiting exposure of family members. These measures 
may include dust masks, gloves, and protective clothing. If you 
live in an area with a high level of arsenic in the water or soil, 
substituting cleaner sources of water and limiting contact with soil 
(for example. through use of a dense groundcover or thick lawn) 
would reduce family exposure to arsenic. By paying careful 
attention to dust and dirt control in the home (air filters, frequent 
cleaning), you can reduce family exposure to contaminated dirt. 
Some children eat a lot of dirt. You should prevent your children 
from eating dirt. You should discourage your children from 
putting objects in their mouths. Make sure they wash their hands 
frequently and before eating. Discourage your children from 
putting their hands in their mouths or other hand-to-mouth 
activity. Since arsenic may be found in the home as a pesticide. 
household chemicals containing arsenic should be stored out of 
reach of young children to prevent accidental poisonings. Always 
store household chemicals in their original labeled containers; 
never store household chemicals in containers children would find 
attractive to eat or drink from, such as old soda bottles. Keep your 
Poison Control Center's number by the phone. 

It is sometimes possible to carry arsenic from work on your 
clothing. skin. hair, tools, or other objects removed from the 
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workplace. This is pani(.;ularly likely if you work in the fenilizer, 
pesticide. glass. or (.;()ppt:r:lt:ad smelting industries. You may 
contaminate your (.;Jr. home. or other locations outside work where 
children might ht: e\post:d to arsenic. You should kmnv about this 
possibility if you\\ Llrk with arsenic. 

Your occupational health and safety officer at \VOrk can and 
should tell you whether (hemicals you work with are dangerous 
and likely to be carried home on your clothes. hody. or tools and 
whether you should be showering and changing clothes before you 
leave work, storing your street clothes in a separate area of the 
workplace. or laundering your work ciothes at home separately 
from other clothes. Material safety data sheets (MSDS) for many 
chemicals used should be found at your place of work. as required 
by the Occupational Safety and Health Administration (OSHA) in 
the U.S. Department of labor. MSDS information should include 
chemical names and hazardous ingredients, and important 
properties, such as fire and explosion data, potential health effects. 
how you get the chemical(s) in your body, how to properly handle 
the materials. and what to do in the case of emergencies. Your 
employer is legally responsible for providing a safe workplace and 
should freely answer your questions about hazardous chemicals. 
Your state OSHA-approved occupational safety and health 
program or L' .S. OSHA can answer any further questions and help 
your employer identify and correct problems with hazardous 
substances. Your state OSHA-approved occupational safety and 
health program or U.S. OSHA will listen to your formal 
complaints about workplace health hazards and inspect your 
workplace when necessary. Employees have a right to seek safety 
and health on the job without fear of punishment. 

You can find more information about how arsenic can affect 
children in Sections '2.7 and 5.6 of the toxicological profile. 

back to wr 

1.8 Is there a medical test to determine whether I have been 
exposed to arsenic? 
Several sensitive and specific tests can measure arsenic in your 
blood, urine. hair, or fingernails, and these tests are often helpful 
in determining if you have been exposed to above-average levels 
of arsenic. These tests are not usually performed in a doctor's 
office. They require sending the sample to a testing laboratory. 

Measurement of arsenic in your urine is the most reliable means of 
detecting arsenic exposures that you experienced within the last 
several days. Most tests measure the total amount of arsenic 
present in your urine. Sometimes this can be misleading, because 
the nonharrnful forms of arsenic in fish and shellfish can give a 
high reading even if you have not been exposed to a toxic fonn of 
arsenic. For this reason, laboratories sometimes use a more 
complicated test to separate "fish arsenic" from other forms. 

hnp :·' 'Www .at~dr.cdc.gov/toxprofi lesiph:;2.htm I 
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Because most arsenic lt!aves your body within a few days. analysis 
of your urine cannot detect if you were exposed to arsenic in th.e 
past. Tests of your hair or fingernails can tell if you were exposed 
to high levels over th(' past 6-12 months, but these tests are not 
very useful in detecting low-level exposures. lfhigh levels ·of 
arsenic are detected. this shows that you have been exposed. but 
unless more is known about when you were exposed and for how 
long. it is usually not possible to predict whether you will have any 
harmful health effects. 

You can find more information on how arsenic can be measured in 
your hair, urint:. nails. and other tissues in Chapters :2 and 6 of the 
toxicological profile. 

ba~k to tor 

1.9 What recommendations has the federal government made 
to protect human health? 
The federal government develops regulations and 
recommendations to protect public health. Regulations can be 
enforced by law. Federal agencies that develop regulations for 
toxic substances include the Environmental Protection Agency 
(EPA), the Occupational Safety and Health Administration 
(OSHA), and the Food and Drug Administration (FDA). 
Recommendations provide valuable guidelines to protect public 
health but cannot be enforced by law. Federal organizations that 
develop recomrnend~ltions for toxic substances include the Agency 
for Toxic Substances and Disease Registry (ATSDR) and the 
National Institute for Occupational Saf~ty and Health (NIOSH). 

Regulations and recommendations can be expressed in not-to
exceed levels in air, water, soil, or food that are usually based on 
levels that affect animals; then they are adjusted to help protect 
people. Sometimes these not-to-exceed levels differ among federal 
organizations because of different exposure times (an 8-hour 
workday or a 24-hour day), the use of different animal studies, or 
other factors. 

Recommendations and regulations are also periodically updated as 
more information becomes available. For the most current 
information, check with the federal agency or organization that 
provides it. Some regulations and recommendations for arsenic 
include the following: 

The federal government has taken several steps to protect humans 
from arsenic. First. EPA has set limits on the amount of arsenic 
that industrial sources can release into the environment. Second, 
EPA has restricted or canceled many of the uses of arsenic in 
pesticides and is considering further restrictions. Third. EPA has 
set a limit of 50 'ppb for arsenic in drinking water. EPA has 
recently proposed lowering this value to 5 ppb. Finally. OSHA has 
established a permissible exposure limit (PEL). 8-hour time-
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weighted average. of I 0 :gimJ for airborne arsenit: in \·arious 
workplaces that use inorganic arsenic. 

You can find more information on regulations and guidelines that 
apply to arsenic in Chapter 7 of the toxicological pro tile. 

bat:k 10 top 

1.10 Where can I get more information? 
If you have any more questions or concerns. please contact 
your community or state health or environmental quality 
department or: 

Agency for Toxic Substances and Disease Registry 
Division ofToxicology 
1600 Clifton Road NE, Mailstop E-29 
Atlanta, GA 30333 

Information line and technical assistance: 

Phone:888-422-8737 
FAX: (404)498-0093 

A TSDR can also tell you the location of occupational and 
environmental health clinics. These clinics specialize in 
recognizing, evaluating, and treating .illnesses resulting from 
exposure to hazardous substances. 

To order toxicological profiles, contact: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
Phone: 800-553-684 7 or 703-605-6000 

References 
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SAMPLING PLAN 

The following sampling plan applies to the areas where additional sampling is needed to 

verify the extent of contamination outside the isoconcentration lines, and samples taken 

once contaminated soils and sediments have been removed. This plan is consistent with 

the KDHE approved amended sampling plan dated September 16, 2002 and later 

amended in a letter dated April 29, 2003. At all times, the sampling procedures will be 

consistent with KDHE and U.S. EPA sampling and sample handling protocol. 

EPA REPOSITORY AREA 

A composite sample will be taken from each of the sampling locations marked on Figure 

5. A SIMKO 2400 SK Model-purpose Shallow Depth Exploration Drill capable of direct 

push sampling or auger sampling will be used for collecting samples at these new 

locations. In locations where the thickness of the material exceeds 5 feet, a composite 

sample will be collected from each five foot material depth or portion there of. If the 

thickness of the material exceeds five feet, an additional composite sample will be taken 

for that five-foot section, or part thereof. The same applies for a third five-foot section, if 

needed. A sample core probe 5 feet in length will be used for obtaining the samples. 

SAMPLING PROTOCOL 

Sampling of soil within the EPA's disposal site is as follows: 

• The sampling staff will don the appropriate level of personal protective equipment 

including hard hat, safety glasses, rubber boots, and nitrite or vinyl gloves. They 

will thoroughly clean the soil sampler (particularly the sampling tube) and 

stainless steel or plastic washtubs with alconox, distilled water and rinse with 

distilled water. 

• At each sample location the soil sampler will penetrate the first 5 foot segment of 

soil or part thereof and put into a stainless steel mixing tub (the top 8 inches of 
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soil will be disregarded as clean soil cover). The sample will be mixed to form a 

composite sample. The composite sample will be split two ways, one split will be 

sent to the laboratory while the other sample will be retained for archive. The 

sample splits will be placed in separate labeled glass jars and placed in collars for 

shipment to the laboratory and one set of split samples will be maintained in the 

samples custody. 

• A soil-sampling log will be maintained by the sampling team for future reference. 

A copy of the log is located at the end of rtl.is section. 

• Sampling team members will then clean the soil sampler(s), tubs and tools with 

alcohol and distilled water. Sampling team members will don clean nitrite gloves 

prior to continuing with sampling. 

• The above sampling sequence will be followed for each of the remaining points to 

be sampled. 

• At the conclusion of sampling, conduct final decontamination of sampling 

equipment and reusable personal protective equipment. 

SOILS ON-SITE 

Additional samples will be taken as outlined on Figures 3 and 3-2. The samples taken 

will be of the top six inches of soil. Equipment utilized for these sampling events may 

include, Tube-type soil sample(s) filled with a 6-inch sampling tube, sharpshooter type 

shovel, and stainless steel or plastic hardware for compositing. 

• Sampling staff will don the appropriate level of personal protective equipment 

with a minimum of boots, safety glasses, and nitrite or vinyl gloves. They will 

thoroughly clean all sample equipment before and after each sample taken. The 

team will core with the sampler to the depth of 6inches, remove the soil and place 

into the stainless steel bowl, it will be mixed and then sampled. The sample will 

be split two ways, one split will be sent to the lab while the other will be archived. 

The sample splits will be placed in separate labeled glass jars and placed in 

coolers for shipment to the laboratory and one set of split samples will be 

maintained in the samplers custody. 
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• Sampling team members will then clean the soil sampler(s) and miscellaneous 

equipment with alconox and distilled water. Sampling team members will don 

clean gloves and proceed to the next sampling point 

• The above sampling sequence will be followed for each of the remaining points to 

be sampled. 

• At the conclusion of sampling, conduct final decontamination of sampling 

equipment and reusable personal protective equipment. 

SEDIMENT 

This plan will initiate after all visible sediments have been removed form Unnamed 

Creek. The areas to be sampled on Unnamed Creek will be the same areas previously 

sampled as outlined on Figure 1. The same areas will be sampled to verify the success of 

sediment removal. The equipment involved and sampling protocol for after sediment 

removal is the same protocol and equipment use as sampling the On-site soils. 

PRESERVATION PROCEDURES 

Since the only constituent of concern associated with these three are metals and all soil, 

no preservatives are required. The samples will be placed in the appropriately sized glass 

jars in coolers while in transit to the laboratory. One set of split samples will be retained 

by the sampling team for additional analyses should it be deemed necessary or desirable 

at a later date. 

LABELING & CHAIN OF CUSTODY 

A label with the following information will be affixed to each sample jar: 

• Name of sampling firm 

• Initials of sampler 

• Client/source 

• Site name 

• Sample identification 

• Identified as grab (discrete) or composite 

3 
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• Date of sample collecti()n 

• !ime ofsample collection 

• Preservatives (if used) 

•· Analysis reque&ted to be performed by laboratory 

The chain, of custod.:Y forin located in the back of this,Appendix will. be completed ancl 

submitted with the samples and proced\.rres outlined_ in EPA SW '"'846 .followed ·throughout 

delivery of samples·to the anal}rticatlaboratory. 

DEC()NT AMINATION' PROCEDURES 

-Decontamination proGedures will consist ofthe following. 

• Sampling team members wiU don clean nitrite or vinyl gloves prior to initiating 

sampling and after 

• The soil sampling tools wfil be cleaned with a brush and a solution of alconox 

prior to the beginning sampling ~d after each srunple has been obtained. 

PartiGular aijeiltion will be paid to any portion ofthe sampling tools with cracks, 

crevices or an irregular surface which might trap contaminated material. The 

sampling tool will then beri11:sed with distilled water and, if necessary, dried with 

a clean paper towel. 

• After sampling .is complete, re-usable protective equipment will be washed with 

an alconox soap solution and .scrub brush followed by thorough rinsing with 

distilled water. 
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SAMPLING PLAN 

The following sampling plan applies to the areas where additional sampling is needed to 

verify the extent of contamination outside the isoconcentration lines, and samples taken 

once contaminated soils and sediments have been removed. This plan is consistent with 

the KDHE approved amended sampling plan dated September 16, 2002 and later 

amended in a letter dated April 29, 2003. At all times, the sampling procedures will be 

consistent with KDHE and U.S. EPA sampling and sample handling protocol. 

EPA REPOSITORY AREA 

A composite sample will be taken from each of the sampling locations marked on Figure 

5. A SIMKO 2400 SK Model-purpose Shallow Depth Exploration Drill capable of direct 

push sampling or auger sampling will be used for collecting samples at these new 

locations. In locations where the thickness of the material exceeds 5 feet, a composite 

sample will be collected from each five foot material depth or portion there of. If the 

thickness of the material exceeds five feet, an additional composite sample will be taken 

for that five-foot section, or part thereof. The same applies for a third five-foot section, if 

needed. A sample core probe 5 feet in length will be used for obtaining the samples. 

SAMPLING PROTOCOL 

Sampling of soil within the EPA's disposal site is as follows: 

• The sampling staff will don the appropriate level of personal protective equipment 

including hard hat, safety glasses, rubber boots, and nitrite or vinyl gloves. They 

will thoroughly clean the soil sampler (particularly the sampling tube) and 

stainless steel or plastic washtubs with alconox, distilled water and rinse with 

distilled water. 

• At each sample location the soil sampler will penetrate the first 5 foot segment of 

soil or part thereof and put into a stainless steel mixing tub (the top 8 inches of 
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soil will be disregarded as clean soil cover). The sample will be mixed to form a 

composite sample. The composite sample will be split two ways, one split will be 

sent to the laboratory while the other sample will be retained for archive. The 

sample splits will be placed in separate labeled glass jars and placed in collars for 

shipment to the laboratory and one set of split samples will be maintained in the 

samples custody. 

• A soil-sampling log will be maintained by the sampling team for future reference. 

A copy of the log is located at the end of this section. 

• Sampling team members will then clean the soil sampler(s), tubs and tools with 

alcohol and distilled water. Sampling team members will don clean nitrite gloves 

prior to continuing with sampling. 

• The above sampling sequence will be followed for each of the remaining points to 

be sampled. 

• At the conclusion of sampling, conduct final decontamination of sampling 

equipment and reusable personal protective equipment. 

SOILS ON-SITE 

Additional samples will be taken as outlined on Figures 3 and 3-2. The samples taken 

will be of the top six inches of soil. Equipment utilized for these sampling events may 

include, Tube-type soil sample(s) filled with a 6-inch sampling tube, sharpshooter type 

shovel, and stainless steel or plastic hardware for compositing. 

• Sampling staff will don the appropriate level of personal protective equipment 

with a minimum of boots, safety glasses, and nitrite or vinyl gloves. They will 

thoroughly clean all sample equipment before and after each sample taken. The 

team will core with the sampler to the depth of 6inches, remove the soil and place 

into the stainless steel bowl, it will be mixed and then sampled. The sample will 

be split two ways, one split will be sent to the lab while the other will be archived. 

The sample splits will be placed in separate labeled glass jars and placed in 

coolers for shipment to the laboratory and one set of split samples will be 

maintained in the samplers custody. 

2 



( 

• Sampling team members will then clean the soil sampler(s) and miscellaneous 

equipment with alconox and distilled water. Sampling team members will don 

clean gloves and proceed to the next sampling point 

• The above sampling sequence will be followed for each of the remaining points to 

be sampled. 

• At the conclusion of sampling, conduct final decontamination of sampling 

equipment and reusable personal protective equipment. 

SEDIMENT 

This plan will initiate after all visible sediments have been removed form Unnamed 

Creek. The areas to be sampled on Unnamed Creek will be the same areas previously 

sampled as outlined on Figure 1. The same areas will be sampled to verify the success of 

sediment removal. The equipment involved and sampling protocol for after sediment 

removal is the same protocol and equipment use as sampling the On-site soils. 

PRESERVATION PROCEDURES 

Since the only constituent of concern associated with these three are metals and all soil, 

no preservatives are required. The samples will be placed in the appropriately sized glass 

jars in coolers while in transit to the laboratory. One set of split samples will be retained 

by the sampling team for additional analyses should it be deemed necessary or desirable 

at a later date. 

LABELING & CHAIN OF CUSTODY 

A label with the following information will be affixed to each sample jar: 

• Name of sampling firm 

• Initials of sampler 

• Client/source 

• Site name 

• Sample identification 

• Identified as grab (discrete) or composite 

3 
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• Date ofsample,collection 

• Time of sample collection 

• Preservatives (if used) 

• Analysis requested to be performed by laboratory 

The chain of custody form located in the back of this Appendix will be .completed and 

submitted with the samples (:U1Cl.pro.cedures outlined in EP:A S.W:-846 followed throughout 

delivery ofsam~ples to the analytical laboratory~. 

DECONTAMINATION PROCEDURES 

Decontamination procedures will consist of the following~ 

• Sampling team.members will don clean nitrite or. vinyl gloyes prior to in:itiating 

samplin~ and after 

• The soil sampling tools Will be cleaned With a brush a,nd a solution of alconox 

prior .to the~ beginning sampling:.and after each sample has been obtained. 

Particular attention will be paid to any portion of the samplingtools with cracks, 

crevices or an irregular surface. whicl;l llligllt trap contaminated material. The 

sampling tool. ~ill then b~ rinsed with distill eel water an<i, if necessary, dried with 

a clean paper towel. 

• After sampling is. complete, re-usa,ble prot~ctive equipment will be washeci with 

analc.onox soap solution.and scrub brushJollowed.by thorough rinSing with. 

distilled water. 
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