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INTRODUCTION

Respondents, Salomon Smith Barney Holdings, Inc. (Salomon) and U.S. Steel
Corporation (U.S. Steel), directed A & M Engineering and Environmental Services, Inc.
(A & M Engineering) to conduct a hydrogeological investigation 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
approved 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:

The climate of Montgomery County is characterized as a continental climate that is
typically warm to hot in the summer and cold in the winter with the majority of
precipitation events occurring in the spring and early summer. The average annual
precipitation is 37 inches per year. The average winter temperature is 36.8°F and the
average summer temperature is 78.4°F. The maximum 24-hour precipitation event

recorded for Montgomery County is 6.38 inches.

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 parallel to the railroad.

An 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 corner of the Site. It then
turns west and joins Drum Creek approximately one-mile west. Another stream runs east
to west 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 westward 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 former 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 was

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-between the two unnamed creeks (see Figure 1).

The smelter structures were mostly demolished with 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 INVESTIGATIONS
The National Zinc smelter facility operated until 1976. KDHE conducted several
investigations of the Surface Lagoon which was closed in 1979. The major investigations

are described below:



The1978 Investigation:
The first investigation was conducted in April-June 1978 by Wichita Testing
Laboratories on behalf 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 1.

During the 1978 investigation, nine (9) borings were drilled and logged. Soil samples
were collected and tested for geotechnical evaluation. Also, the existing five monitoring
wells along the embankment (MW-1, MW-2S, MW-2D, 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 (BTA) 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:



1. 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.

2. Surface water and sediments in the on-Site stream and ditches are impacted,

mainly with cadmium.

3. The previously closed lagoon area contained some treated waste.
4. Groundwater samples from the monitor wells 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 .intérface 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 downgradient wel;ls‘ 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.




4. Evaluate al] existing and new data and prepare this Report of the findings.

Monitor Well Drilling and Completion:

Drilling equipment and personnel were mobilized on July 21%, 2003 to the Site and
drilling was started on July 22, 2003. The drilling subcontractor was Mohawk Drilling,
Inc. of Tulsa, Oklahoma. The drilling method was air rotary with a 6 %" diameter air

hammer. Drilling and well installation were completed on July 24, 2003.

Four monitor wells were compieted, 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 new

wells and Appendix 3 includes the logs of the previously drilled and completed wells.

Figure 2 shows the location of all the wells.

Monitor Well Survey:

The new monitor wells (MW-5, MW-6, MW-7 and MW-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 well information are shown on Table 1 for

all the new and existing wells.

Monitor Well Hydraulic Testing:
The new monitor wells were purged and developed after completion. On August 4, 2003

upgradient MW-5 and downgradient MW-8 were chosen for hydraulic conductivity



testing. The slug testing data were collected using a data logger that was later

downloaded 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 10° cm/sec

in MW-5 and 1.21 x 10~ cm/sec in MW-8.

During the 1978 Site investigation, undisturbed samples were collected from MW-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°, 4.6 x 10®, 2.1 x 10™, and

5.3 x 10°® cm/sec, respectively.

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 shown in Table 2.

The water levels in MW-2D 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.



Groundwater Sampling and Analysis:

In accordance with the Work Plan, the groundwater in the new monitor wells (MW-5,
MW-6, MW-7, and MW-8) was sampled and analyzed for three consecutive months
(August, September, and October 2003). The groundwater samples were analyzed for
pH, Specific Conductance, Mercury, Arsenic, Cadmium, Chromium, Lead and Silver.
The field data sheets and laboratory analytical reports for these three sampling events are
included in Appendix 5. The analytical data for these sampling events are tabulated in

Table 3.

SITE GEOLOGY
The Site is located within the 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 of the 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 brown, 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 MW-8, TW-9, TW-2 and TW-].



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 underlying bedrock is Pennsylvanian age Dennis Limestone of the Kansas City

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 and fossiliferous in the upper
portion. Gray shale and black fissile shale are present in the lower 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 MW-
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 shows

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



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 alluvial valleys.
The Site is on a drainage tributary of Drum Creek, which is in turn 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 two

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 unconsolidated sediments, others.in the bedrock section (limestone/shale).

Groundwater levels in the monitor wells were measured monthly beginning August 2003

and are shown on Table 2. The groundwater levels in the monitor wells fluctuated 1 to 7

feet in the last four monthly measurements and thiese water level fluctuations are

expected to be greater in the spring season.

‘Groundwater Flow:

Groundwater Potentiontietric Maps are coristructed using the monthly water levels
(August, September, October and November 2003). Figures 10; 11, 12, and 13 show the

potentiometric maps.

Groundwater 'flows from east to: west. The contours show the intermittent streamn effect
on Site. Also the contours show a.mounding at the location of the former lagoon in the

vicinity of TW-3 and TW-4.
The August 2003 data plotted on Figure 10 show thé 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 (see Figures 11 and 12).

The potentiometric maps also show the effect of the western dike of the former lagoon.

‘The groundwater contours: gradietit incréases at the location of the dike due to hydraulic

11



cO’nduc’tiVity changes. The dike:was constructed over the native soil with compacted
clay. The sampling and testing during 1978 showed the hydraulic conductivity difference
between the:native material with 8 x 10”° cm/sec conductivity and the compacted clay
material with a 5 x 10'8'cn1/SeC‘conductivity. 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 following formula:

where.
v.= groundwater velocity
K = hydraulic conductivity

i= hydraulic gradient
n = porosity

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 107 cm/sec. The
effective porosity is estimated to be 0.2 (20 percent). The groundwater velocity between

the two wells is:

12



Kxi 2.252x107%x0.0038
n 0.2

=4.78x10" em/ sec

VYV =

or 0.04 cm/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 fv/ft.

For velocity calculation, the hydraulic conductivity value for MW-8 was-used and is
1.212x 107 crv/sec. The effective porosity is estimated to be 0.2 (20 percent). The

groundwater velocity between these two wells is:

Kxi 1.212x107%x0.011
n 0.2

=6.66x10"" cm/sec
or 0.057 em/day

V=

GROUNDWATER QUALITY /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



The City of Cherryvale and Montgomery County Rural Water District #12 supply water

. to private residences in this area. The City of Cherryvale receives water from Big Hill

Lake located approximately five (5) miles east of Cherryvale. Montgomery County
Rural Water District #12 receives water from the Verdigris River near Neodesha,
approximately 20-25 miles northwest of Cherryvale. Both of these surface water intake
locations are upgradient from the National Zinc facility. Thus there is no concern for

water supply in relation to the Site.

KDHE Brownfields Targeted Assessment reviewed all available water well records
within four (4) miles of the National Zinc facility and located seventeen (17) wells
serving forty-one (41) persons. However, none of these wells are down gradient of the
Site, specifically 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 GROUNDWATER QUALITY

Groundwater at the Site was sampled by KDHE 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 analytical reports are included in Appendix S 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 groundwater sampicé is
comparable to the downgradient groundwater samples, all in the range of 6.5 to 7.8 S.U.
The specific conductance shows difference between the upgradient and downgradient
groundwater samples. Specific conductance of upgradient water samples range from 640
to 1085 umhos/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 SURFACE WATER INTERACTIONS
The two intermittent streams and Unnamed Creek drain the surface water at the Site. The
streams receive water from groundwater dunng low precipitation, however during higher

precipitation the streams lose water to the uppermost groundwater aquifer.

Although KDHE previously expressed concerns regarding shallow seeps along the
western dike of the former lagoon, several inspections have been made by A & M
Engineering, some jointly with KDHE, and no seeps detected. During a joint field

inspection, a KDHE representative stated that there was only one location for suspected



seepage concern along the western dike and showed the location. However, the
suspected seepage was discovered to be coming from a discharge pipe draining surface
runoff from the top of the former lagoon. The location of the pipe is adjacent to MW-3.
The most recent inspections were conducted by A & M Engineering on December 12,
2003 during high groundwater elevations, and again no seepage was observed along the

western dike.

The uppermost groundwater aquifer water levels fluctuate several feet. During
September and October moderate precipitation caused groundwater levels to rise up to 6-
7 feet and this fluctuation will definitely increase more during the spring season. The
groundwater levels in MW-3 and TW-3 were almost at the surface elevation during the
October and November 2003 measurements. This observation correlates with the
swampy surface condition previously observed in the vicinity of TW-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 runoff and, together with the flat topography of the lagoon

cap, also contributes to the swampy conditions.

CONCLUSIONS

The following conclusions are drawn from this hydrogeologic investigation:

16
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. The uppermost groundwater aquifer at the site is the unconsolidated sediment /

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

2. The.Site .gro,undWater‘ﬂows. westward.

3. ‘The groundwater fluctuates as much as 6-7 feet at the Site.

. The swampy area on top of the closed lagoon is caused by the:condition of poor

surface drainage and groundwater fluctuation. This is caused by the compacted

dike along the western 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 undoubtedl‘y is related to

the presence of limestone across the site.

. Groundwater quality and yield is limited in this entire area and thére is no-water

supply source impacted by the Site past or present activities.

17



RECOMMENDATIONS

The following recommendations are made considering groundwater quality: and the

conditions obsérved 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 contariiinated
with metals of concern (cadmium, lead, and chromium). Therefore, the clay

cap elevation in the vicinity of TW-3 and MW-3 should be raised to prevent

groundwater and surface water interaction. The entire surface of the

previously closed lagoon area should be raised a minimum of at least three (3)

feet (the thickness of the proposed cap) in order to prevent interfacing

between the groundwater and surface water.

Provide good storm water run-off systems around and over the closed lagoon

site to provide good drainage and control erosion.

No additional sampling of monitor wells for qualityis required.

Continue monthly water level measurements to-obtain more data to utilize in

the design phase.

No other corrective measures for groundwater are.recommended.

18
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Table 1

MONITORING WELL INFORMATION

Screen interval

Date of Ground T.0.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° ** 0-7' 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' 11.10' 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'
TW4 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.




TOC ElL
MSL Ft.

Table 2

MONITOR WELLS WATER LEVEL MEASUREMENTS

August, 2003

National Zinc Site
Cherryvale, Kansas

September, 2003

October, 2003

November, 2003

Water
Depth
Ft.

Groundwater
Elevation
MSL Ft.

Water
Depth
Ft.

Groundwater
Elevation
MSL Ft.

Water
Depth
Ft.

Groundwater
Elevation
MSL Ft.

Water
Depth
Ft.

Groundwater
Elevation
MSL Ft.

805.52

8.65

796.87

6.0

799.52

5.65

799.87

4.14

801.38

806.08

DRY

NA

10.6

795.48

10.4

795.68

10.73

795.35

806.20

DRY

NA

DRY

NA

DRY

NA

DRY

NA

805.15

8.5

796.65

7.55

797.6

3.38

801.77

3.23

801.92

804.47

DRY

NA

5.8

798.67

4.6

799.87

441

800.06

815.845

9.11

806.735

7

808.845

5

810.845

3.82

812.025

802.150

11.64

790.51

790.95

11.01

791.14

10.92

791.23

799.805

11.33

788.475

7.1

792.705

6.52

793.285

8.82

790.985

797.07

10.33

786.74

33

793.77

3.33

793.74

3.75

793.32

810.08

11.66

798.42

800.33

7.87

802.21

7.62

802.46

809.48

8.36

801.12

801.8

6.38

803.1

6.55

802.93

808.80

6.25

802.55

803.00

5.35

803.45

5.25

803.55

821.67

DRY

NA

812.82

6.91

814.76

8.09

813.58



Table 3

ANALYTICAL RESULTS OF GROUND WATER SAMPLES

PARAMETERS

National Zinc Site
Cherryvale, Kansas

MW-6

August, 2003

PH (Field)

7.24

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

1.73

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
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MW-2S 5840.130 5061.900  806:20 TOC | 1
MW—2D 5845.080 S5061.730  806.08 TOC .
MW-3 6303.500 5112.760  805.15 TOC
MW—4 6832.240 ~-5042.105  B804.47. TOC | ( IN FEET)
MW-5 6936.610 "7255.465 81585 TOC )
MW—6 6292.165 4663.455  802.15 TOC 1 inch = 500 ft
MW-7 6048.590 4725.550  799.81 TOC
MW—8 5607.380 4755.365  797.07 TOC
TW—1 6999.255 5703.745  810.08 TOC
™w-2 6613.290 5597.550 809.48 TOC
™w-3 6109.495 5496.980 808.80 TOC o a o o o o o . < <
TW-9 5796.890 7306.985  821.67 TOC S ® g N > s ® 8 N 2 @
o ‘__? 9 o ? o o O o S o
Sed-U oty Fond o
/,_T—— 7600
7400
7200
7000
LEGEND j 6800
+—+t -m&wm i
/-ww d— 6600
o= IIN!: g:u Found
o=
o m Lgth Set 6400
« Power Pole
e~ o)) S ke
i Troo Lns © <88 6200
222 N :
cg 6000
Overhead Blectne ~
Underground Natursl Ges p
S 5800
| ! <
] S600
5400
. 5260
Jnnamed Drainage|Channel
GutrCamy
~—— L 5000
Benchmarks

O MW/BH INSTALLED IN 1978

@ TW INSTALLED IN 1999

@ MW INSTALLED IN 2003

*GROUNDWATER ELEVATIONS ON NOVEMBER 18, 2003

SCALE: DATE: FIGURE NO.
A & M ENGINEERING AND 1"=500" | 11/20/03 | FIGURE 13 |GROUNDWATER CONTOUR MAP
ENVIRONMENTAL SERVICES, INC. |(APPROVED BY: [DRAWN BY: PROJECT NO. NATIONAL ZINC SITE
S R T GJJ 1840-002 CHERRYVALE, KANSAS
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_ .. LAGOON EMBANKMENT EVALUATION
CHERRYVALE, KANSAS
GEOLOGY AND SITE CONDITIONS

The site of existing lagoon is located near the northwest limits
of Cherryvale, Kansas in the N 1/2, Sec. 8, T32S, RL7E.

The lagoon embankment, which has a maximum height of about 1S
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 plént property. The
impoundment was designed to be an evaporatin§ 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 Prum Creek wi‘nich is in turn a tributary of the Verdigris River. The
upper bedrock in this area is composed of limestones and shales of the
Dennis Limestone formation of uoper Pennsylvanian geologic age. In
Borings 1 through & the Winterset limestone and Stark shale members

of the Dennis Limestone formation were encountered. In each of these
borings the upper portion of the Winterset 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 solls which occur above the Winterset lime-
stone. A thin topsoll zone was encountered below the fill in most borings
and the entire embankment ls 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.



T,he__boring.'locations are shown on the enclosed Figure No. 1. The
boring logs (Figures 2 through 10) present data obtained in this exploration.
The logs include the surface elevation; depths 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; groundwater 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 wélls 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
fhe 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: WICHITA TESTING LABORATORIES

BY

\

Richard L. Luke
Engineering Geologist



PRQJUECT
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation
Magterials Engineers National Zinc Company
Wichito , Kansas Cherryvale, Kansas
BORING LOG
Boring Method' 6-ln continvous flight auger Standaord Penetration Test Boring No. 1

Undisturbed Soil Sompler: 3-

in.0d. thin-walled tubei!d30-1b.Hammar| 30-in. Fall |2-in.0d. Split-barre! Sampiar| Shaat 1 of ]

weMoisture Conlent, %| O=0ry Density, opcf Penetration Reslstance: NsBlows par fool Dulo:4-]_]__78
Egl:;.va;ion 0009“1 g;:‘b’ol Dascription of Materials So:g.le Blows Remarks
' é Fill: cinders, brick, tile, etc.; loose.
90.7 1 -
dcu Fill: silty clay; dark yellowish brown
3 mottled with very dark brown and i
. grayish brown; wet; med. plasticity;
E stiff. 1 L W=23 6
3 : D=101.5
— 8
- 7| N=13
- 6
86.2 5.5 -
‘: As above but saturated in seams. ~
85.2 K.5 3
_jCH Silty Clay: very dark gray and dark B
84 2 7 s ] grayish brown; wet to saturated in Water Level @ 8.0!
: T Jdc \seams; high plasticity; medium. stiff to (Elev. 83.7) After
- b  stiff. (possible fill) 24 Hours
82.7 B ] Silty Clay: very dark gray; minor 2 | _
) Jdcg \organics; saturated; mec. plasticity; w=27.1
. medium stiff. (old topsoil zone) 9 D=84.5
: Silty Clay: dark yellowish brown; 2} N=7
= saturated; high plasticity; medium 5
. stiff.
79.2 [12.53 [
J As above but some limestone gravel. n
_g 3 w=33.4
76.2 {15.5 3 D=87.6
] Limestone: broken and weathered. i
75.2 [16.5 3
__-4[1% Limestone: light gray and herd. B
3 (possible Winterset Limestone)
73.7 g = !
8 irl Shale: dark gray to gray; hard.
ml (possible Stark Shale) i
E —~Coal-Seam -
71.7 20 -Hill




PROJECT
WICHITA T.ESTING L{)‘BORATORIES Lagoon Embankment Evaluation
Materials Engineers National Zinc Company
Wichito Kansas
. Cherryvale, Kansas
BORING LOG
Boring Method: 6-in continuous flight ouger Steandord Penaetration Test Baring No. 2

Undisturbed Soil Sampier: 3-in.od thin-walled tube]!4O-tb.Hammer| 30-in Fall {2-in.0.d. Split-barre! Sampier| Sheat 1 ot 2

SR ERE]

weMorsture Content, Y% | D=0ry Oansity, pcf Panetration Raslistance: NaBlows per foo! Dotc:4_11_78
Elgozvcl]ion cl;ap'h g;:‘ubpol Description of Materials 5“'&‘2“31«: Ramarks
' 3 Fill: cinders, brick, tile, etc.; loose.
91.1 |1
qCcH | Eill: silty clay: very dark grayish F
& brown, dark yellowish brown and
JcCL | reddish brown; wet; medium and high
3 aticitv: sti 4 wW=25.5
8.1 |3 3 plasticity; stiff. i .
) ‘ 4 D=388.6
] As above but saturated in seams. 3
3 4 I N=9
— S
E Water Level @ 7.7
3 (Elev. 84.4) After
3 24 Hours
ga.1 8 JV b w=32.1
] Very wet to saturated. D:SO :
= | 2 =90.3
3 4 In=9
7 5
m
. W=30.2
A 6 | D=94.9
78.6 |13.57
JCL | Silty Clay: some organics; very dark 1
3 gray; very wet to saturated; medium 2 _In=5
77.1 |15 — plasticity; medium stiff. (old topsoil) 3
jou [\ _ : : w=27.3
- Silty Clay: dark yellowish brown; —94.9
75 6 16 5: saturated; high plasticity; medium 7 l_ D=34.
’ 3 N\, stiff.
= "
3 Limestone: weathered and broken.
_EJ. L
73.1 |19 "

Limestone: hard; light yellowish
brown. (vossible Winterset Limestone)




WICHITA

Materials
Wichtla

BORING LOG

TESTING LABORATORIES

Engineers

., Kansas

PROJECT

Lagoon Embankment Evaluation
National Zinc Company
Cherryvale, Kansas

Boring Maethod:

6-ln continuous flIght auger

Standard P

enetration Taest

Borlng Na. 2

Undisturbed Soil Sampler: 3-in.od. thin-walled tube|[l40-1b. Hammar| 30-in. Fall |2-in.0.d. Split-barre! Sampler| Sheat 2 of 2
wzMoisture Content, Y| 0= Dry Density, pcf Penetration Resistanca: N=Blows par foot Data:4_18_78
Elevation | Depth g;:‘":ol Dascription of Materials 5“:1“3:.:-: Remarks
- 72.1 |20 — _
' Limestone: as before; but shaley;
dark gray and hard. L
70.6 |21
Shale: dark gray with thin limestone =
stringers. (possible Stark Shale)
67.1 25

l'llllllllLl_LlJllL!_L[_LLILIIIJIIL[]I_LLllJlllllIllLlIILLll_lllllll]lllllllllLl Ll_LllllllIllJlLllmJll




PROJECT

VWICHITA TESTING LABORATORIES Lagoon Embankment Evaluation
Mataerials Engineers National Zinc Company
Wichito . Kansas Cherryvale, Kansas
BORING LOG
Boring Method: 6&-ln continuous flight auger Stondard Penaetration Test Boaring No. 3
Undisturbed Soil Sampler: 3-in.od. thin-waliad tybejl40-1b. Hammar| 30-In.Fall J2-in.0d. Split-barral Sampler| Sheat 1 of 2
w2zMoisture Contant, %| O=0ry Density, pcf Penetratlon Resistance: N=Blows per fool Duto:4_ll_78
_E|9°£°'3i°" g”’"‘ g;:nubpol Description of Maoterials S°'::."Blows Remarks
: . Fill: cinders, brick, clay tile, etc.
90.3 |1 3 a
J4CH Fill: silty clay; dark yellowish brown,
= grayish brown, reddish brown and
J gray; wet; high plasticity; stiff to
= medium stiff with depth. 8 | Ww=25.5
] D=94.8
87.3 (4 2 -2
JCL Fill: silty clay; very dark brown and 2 N=5
7 yvellowish brown; wet with saturated 3
7] ; dium plasticity; i
E ::iafzfns medium plasticity; medium W=28. 5
— ) C . D=95.5
.:. Water Level @ 7.7¢
83.8 |75 = (Elev. 83.6) After
83. 3 8. JcL, | Silty Clay: very dark gray with some |4 | 24 Hours
) Jdc¥ Norganics; wet; medium plasticity; med. w=24_3
82.3 |9 ] \stiff to stiff. (old topsoil zone) 3 D=98.0
) 4 \silty Clay: dark gray with lime 4 |n=8
m \ﬁoncretions; wet; high plasticity; 4
e ,medium stiff to stiff.,
80.3 |11 : As above but dark yellowish brown. =
4CH '
3 Gravelly Clay: 20% fine to medium
5 gravel (chert); dark yellowish brown;
] wet; high plasticity; stiff. 11 w=22.4
- - =107.6
77.8 [13.5% D=107
47 Limestone: dark yellowish brown; N
broken and weathered. (possible
] Winterset Limestone)
1 -
74.8 -
4 16 .5— 1 Limestone: light yellowish brown;
TT fossiliferous; medium hard. i
mil (Winterset Limestone)
-JJ L
R
.____J‘




WICHITA TESTING LABORATORIES Lagoon Em;aﬂniJnsgr;rt Evaluation
Materials Engineers National Zinc Company
Wichata . Kansas Gherryvale, Kansas
BORING LOG
Boring Method 6-In continuous flight aouger Standord Penatrotion Test Borlng No.

3

Undisturbed Soil Sampler: 3.in.0od. thin-walled tuda|{l40-ib. Hammer| 30-in. Fall |2-in.0.d. Split-barral Samplar| Shaeat 2 of 2

l‘lllllllllllllllllllllIlIlIllllllll]Ill_llllllllllllllllllllllllLl_lllllllll llllll

wrMoisture Content, %| D=Dry Danslty, pcf Penetration Resistance: NsBlows par foot Da,.:4_11_78
Elevation Oapth |Group Description of Materiagls Sampieigiguws Remarks
—71.3 |20 —Xm= No.
. Limestone: gray; hard.
69.3 22 r
= Shale: dark gray (possible Stark Shale)l|
68.3 |23 | Calcareous i
67.8 |23.53||| ==
Shale as before. -




PRQOJECT
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation
Materials Engineers National Zinc Company
Wiehite . Kansas Cherryvale, Kansas
BORING LOG
Boring Method: 6-in continuous fllght auger Standard Penatration Tast Boring No. 4
Undisturbed Soil Sampler: 3-in.ad thin-walled tube]i40-1b. Hammer| 30-in.Fall |2-in.0.d. Spiit-barra! Sampier] Shaat 1 of 2
w*Moisture Content, %| D=0Dry Dansity, pcf Panaetrotlion Raesistance: N2Blows par faot 00'9:4_11_78
_E|9'2'°'1i°" O°°p”‘ g;omub:l Dascription of Matarigls 50""‘2"‘3[0\., Reamarks
' ] Fill: cinders, brick, clay, tile, etc.
91.1 1 j - :
: JcL | Eilk: silty clay; dark yellowish brown, i
m gray and reddish brown; wet; medium
. plasticity; medium stiff.
._: 12 - W=2§5.4
b D=97.9
. 2
88.1 4
JCH&| Fill: silty clay: very dark gray and 3 =g
_ECL dark gray; wet to saturated in seams; S
1 high and medium plasticity; medium
3 stiff.
84.6 |7.5 1 - - 13 BV_:SZ;';
SCH | Silty Clay: dark yellowish brown with " I
Jw/ | iron stains; wet to very wet; high Water Level @'9.5¢
4 CL | plasticity; with medium plasticity 2 |(Elev. 82.6") After
] zones; medium stiff. 3 |24 Hours '
iV —{N=7 _
] 14 w=27.1
] B D=92.8
80.1 |12 J e conne ‘ 4
: ECH Gravelly Clay: 20 to 25% fine to 5 N=10
= medium gravel; dark yellowish brown; S :
7] very wet; ‘high plasticity; stiff.
— -
77.6 14,51
— As above but saturated. |
76.6 [15.53
= Limestone: broken and weathered. =
I
75.1 |17 3= .
- Limestone: light gray; hard. (possible
41 Winterset Limestone) B
]
3 B
72.1 |20 T




WICHITA TESTING LABORATORIES
Materials Engineers
Wichita . Kar?xas
BORINGLOG

PROJECT
Lagoon Embankment Evaluation
National Zinc Company
Cherryvale, Kansas

Boring Method:

6-in continuous flight ouger

Standard

Penatration Test

Baring No. 4

Undisturbed Soil Sampier: 3-in.o0d thin-wallad tubeli40-ib.Hammer

30-in. Fall

2-in.a.d. Split-barre!l Sampler| Shae! 2 of 2

wiMoisture Content, %

D«Dry Deonsity, pecf

Penetration Resistance:

NsBlows per foot

Oate: 4-11-78

EI;ZH”{M 2069”' g;omub:' Description of Materials 5°::_‘°a|°., Ramoarks
. 3 As before.

71.1 {21 3 .
- Limestone: sandy and shaley; dark
n gray. 2
- n
Y i
.
] n

63.1 29 -

Shale: fissile; black; hard.
62.1 30 (possible Stark Shale).

lLLLll_l_llllJllllLllllJllllJ_l]lIllllll_l_llllllllJJl [N

Timirven =




PROJECT
WICHITA TFSTI NG LABORATORIES Lagoon Embankment Evaluation
Materials Englneers National Zinc Company .
Wichita ., Karnrsas
. - - - Cherryvale, Kansas
BORING LOG
Boring Method: 6-in continuous flIght auger Standard Paenetration Tes! Boring No. 5

Undisturbed Soil Sampler: 3-in.ad thin-walled tube}!t40-1b. Hammer| 30-in. Fqll

2-in.0.d. Split-barral Sompler{ Shear 1 of 2

wiMoisture Content, ¥%| D= Dry Density, pc! Penstration Rasistance: NsBlows par foat Dule:4-11_78
Elevalion Depth |Group Description of Materiols Sampleigoys Remarks
Symbol X
—94.1 |0 —X Ao
= Fill: Cinders.
; i
.
§ Water @ 4.0°
90.1 14 7 Y - |After Drilling.
3 As above but saturated. (perched in cinders
—: [ |above silty clay)
87.6 6.5 -
-E‘CL Silty Clay: very dark grayish brown; B
' : very wet; low to medium plasticity;
86.1 8 -] I'DEdi.um_S.tiff..-.___-......_._...._._._.._ e e e =
* -1
JCH | Silty Clay: brownish gray with olive
— yellow and iron staining; very wet; -
- medium to high plasticity; medium
— stiff. L
82.1 |12 3 "
. 3 As above but yellowish brown with
s light gray to gray mottling; iron stain; a
Z 10 to 15% coarse sand; stiff.
_5 n
.
omm— e
] .
78.1 |16 -
. As above but with 15 to 25% gravel.
77.1 17 3 L
3 Limestone: yellowish brown; weathered
i medium hard. ' L
.
75. 19 —17-- \ . ——- -
> 1 qJ:_‘[_ Limestone: yellowish brown to light
:F‘—r gray; hard. |




WICHITA

TESTING LABORATORIES
Materials

Wichito

BORING LOG

Engineers

., Kansas

PROJECT
Lagoon Embankment Evaluation
National Zinc Company
Cherryvale, Kansas

Boring Method  6-in contlnuous fIIght augquer

Standard

Penaetration Tes!? Boring No. S

Undisturbed Soii Sampler: 3-in.ad thin-walled tube|i40-1b. Hammer

30-in.Fall |2-in.0.d. Split-barre!l Sampier{ Sheat 2 of 2

wrMoisture Content, %| D=Dry Oenslty, pcf

Penctration Resistance: NsBilows per foolt

Daote: 4-]11-78

Elevation

— 74.1

72.6

71.1

68.1

64.1

Zoamh g;:iub‘::l Description of Materials Sur;g.loam" Remoarks
n Limestone: as before.
. ETHIICISIECAe -t
= =
21.57
. Limestone: shaley; medium hard. i
23 J :
j Limestone: hard.
3
26 “5 B
- Shale: dark gray; hard.
e
3
3 Calcareous i
.
30 :
__J -
3 L
N i
.
-] p—
—‘-1 S
— .
.
- -




WICHITA TESTING LABORATORIES PROJECT
) . Lagoon Embankment Evaluation
Materials KEur:glneers National Zinc Company
eemte e Cherryvale, Kansas
BORMNG -LOG
Boring Method: 6-in continuous flight ouger Standard Penatroation Test

Boring No. 6

Undisturbed Soll Sampler: 3-in.0d thin-wgllad tube}i3Q-ib. Hammer| 30-in Fail |2-in.od Spilt-dbarre! Sampler] Shast 1 of 2

w3Moisture Content, % | D20Dry Density, pcf Penatration Rasistance: N:=Blows par fool Dulc:4-12-—78
Etevation | Dapth |Grou . . mple
’__9‘4:'”1 0 pt Sy?nbpol Oescription of Mataerials SQN:' Slows Remarks
h Fill: cinders and ash with brick’
3 and tile rubble; saturated @ 3.0'; B
? loose.
3
B - Water @ 3.9' After
3 Drilling
— v B (Perched above
89.6 4.5 _E silty clay)
—iCH | Silty Clay: very dark gray; traces of -
3 fine sand; very wet; medium to high
88.1 |6 —g -| plasticity; medium stiff, -
\
1‘ As above but olive gray, gray and R
= yellowish brown mottled.
_j N
85.6 8.5 7
—JCH | Silty Clay: yellowish brown mottled r-
] with light gray to gray; very wet; high
— plasticity; medium stiff to stiff. L
J
] N
82.1 12 —_] -
] As above with 20 to 25% limestone
- gravel; stiff. -
80.6 [13.5F-p/-~f—- e
— Limestone: yellowish brown; broken -
- and weathered. (possible Winterset
Limestone) |
78.6 )15.5- Limestone: light gray; hard. i
Winterset Limestone)
77 6 16 . S ; N .(....-_,._.. e et mmem e+ aam e e o - ———
As above but broken in part. B
7]
4L
1.? i
T
s P L
74.6 L9l b S s e =
4 | Limestone: hard. (Winterse: Limestonz]




WICHITA

TESTING LABORATORIES
Materials

Engineers

PROJECT

Lagoon Embankment Evaluation

National Zinc Company

Wichito . Xansas
_ Cherryvale, Kansas
BORING LOG
Boring Method: 6-ln continuous flight guguer Standard Penatration Taest Boring No. §

Undisturded Soil Sampier:

3-in.0d. thin-walled tube|!40-1b Hammer| 30-in Fall {2-in.0.d. Split-barre! Sampier

Sheat 2 of 2

Elevation

— 74.1

72.6

69.1

-

25

Shale: gray and light gray; sandy;
high plasticity; hard.
(possible Stark Shale)

w:Moisture Content, %| O*0Ory Density, pcf Penetralion Resistance: NsBlows par foot Date:4-12-78
Depth |Group . s ;
20 Symbal Description of Materials °'::°Blows Ramarks
il Limestone: as before.
-1
21.57

ullj_Llllllj_lJJIIlJ_lJllllJllIlllJ_lj_llllllllll]_l_lllllllllllllJllllllLJllll Lllllllllllllill
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Figure 72

Drilled Bv: William P

(Giosaa!
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WICHITA TESTING LABORATORIES
Materials

Engineers

PROJECT

Lagoon Embankment Evaluation
National Zinc Company

t.)

Wicnita , Kansos Cherryvale, Kansas

BORING LOG
Baring Methad: 6-ln continyoun filght gquger Stoandard Panetration Taslt Boring Mo, g
Undisturded Soil Sompler: 3-in.ad thin-walled tube;l40-ib.Hammer| 30-In.Falt |2-in.od Split-barrel Sampler] Shest | at
w:Moisture Cantent, ¥%| O=Dry Density, pcf Penatratian Reslstancs: MiBlows par fool Oats:4-12-78
Elevation | Depth :;:\“:J] Owacription ef Matarialy 5°:°|°3|0v! Remarks
—-92.0 |0 -

91.0 |1

Fill: cinders.

CH

Fill: silty clay; dark brown mottled
with dark yellowish brown and
reddish brown; wet; high plasticity;
stiff.

88.0 |4

CH

Fill: silty clay; gray; yvellowish
brown and dark gray: very wet; high
plasticity; stiff.

CL

Silty Clay: very dark gray; very wet;
medium to high plasticity; medium

CH

CH

~, stiff. (old topsoil zone)

Silty Clay: dark gray; very wet; high
Vastlcity; medium stiff to stiff.

Sflg Clay: dark yellowish brown; very
wet; high plasticity; stiff.

85.0 |7
84.0 |8
85.0 |9
78.5 |13
78.0 (14

Weathered Limestone.

I'_I_I_Lll_I_LJ_Il.LlllllliIlllIIllJl IlLl_Ll_ll_llliLlll‘rllllllJlllILJ_llL llllllllllllij llllll_llll_L]ll Ll
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WICHITA

TESTING LABORATORIES
Materials

Wichita

BOR

Engineers

., Kanasas

ING LOG

PROJECT

Lagoon Embankment Evaluation
National Zinc Company
Cherryvale, Kansas

Baoring Mathod"’

6-In. continuous flight augaer

Standard

Penetration Tes!

Boring Na. 9

Undisturbed Soil Sampler: 3-in.0d. thin-walled tube|td0-1b Hommer| 30-In. Fall |2-in.0.d. Split-dDarral Samplar} Shes! 1 of 1
wrMoisture Content, %| D=0ry Density, pcf Panetration Resistance: N=zBlows per foo? Date: 4_12_78
¢ ] E'g'é“(i;" 8’9”’ (S;;:\ubzl Description of Matarials 5“'52“3(0!: Ramarks
st. 1~ 92. '
- Fill: cinders, brick, tile, etc.:
91.0 1 : locose B
;CH Fill: silty clay; dark yellowish brown, L
_: brown and grayish brown; wet; high
. plasticity; stiff.
.
88.0 1|4 :
JCL Silty Clay: very dark gray to dark gray
- with some organics; saturated; medium
— W=
87.0 15 dcw plasticity; soft to medium stiff. (old 1S D=S?([)) 65
- topsoil zone) i :
85.5 6.5 ] _ Silty Clay: dark gray; very wet; high
) T3 Ylasticity; medium stiff. i
= As above but dark yellowish brown and n
. stiff.
_] »
77.0 15 -—j £ —
76.5 15 5: _V Saturated. —
76.0 |16 T | Weathered Limestone.,
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SOILS ENGINEERING REPORT
- -~ LAGOON EMBANKMENT EVALUATION
CHERRYVALE, KANSAS

I. INTRODUCTION

This is a report of subsurface and soi! conditions for the existing
wastewater lagoon at National Zinc Company plant near Cherryvaie,
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 CHARACTERISTICS

Bedrock. Limestones and shales of upper Pennsylvanian geologic
age underlie the lagoon. The bedrock is believed to be the upper
portion of the Dennis Limestone, a member of the Kansas City
group. The upper few feet of the limestone bedrock was generally
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.

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 4S5 and
plasticity indices (ASTM: D-424) of 20, 28, 31 and 26 were
obtained for Iak.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.

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 }. 49
to 1.72 gm/cc and the soil moisture contents varied from 22.4

to 27. 3 percent.



Shear Strerngth. Consolidated-undrained (CU and cu ) triaxial
tests were made on 1.4 inch diameter test specimens trimmed

from Lab. Sample No. 7. The test specimens were saturated by
backpressure prior to consolidation and shearing. Measwurement

of pore pressure response gave B parameters of 0.98 .to 1.00.

The total stress shear parameters interpreted from the test data

for Lah Sample No.7 are # = 13.8° with ¢ =540 psf. The

effective stress parameters are interpreted to be # = 32. 0 and

c = 0 psf.

Permeability. Falling head permeability tests were made on four
undisturbed samples of the natural foundation soils beneath

the embankment. The permeability rafe was determined for

each sample at a confining pressure of 0.5 KSF. Permeability
rates of 3.4 x 1072, 4.6 x 1078, 2.1 x 10~%and5.3 x 10 8cm/sec
were obtained for Lab. Sample Nos. 2, 10, 11 and 13 respectively.
Using én averagé p.errneability value of 6 x 10"5. 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.



As can be seen from the laboratory test data, the permeability
ra;te-s of -the foundation soils can vary greatly. The weathered,
broken portions of the limestone can also be highly pervious.

The seepage. rates will differ greatly at various locations beneath
the embankment. The actual total quantity of seepage beneath the
embankment may be from 200 to possibly 500 cubic feet per day.
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 MATERIALS

Classification. Seven samples of material from the existing
embankment were tested in the laboratory for classification in
accordance with the Unified Soil Classification System. The
liquid limits ranged from 39 to 60 and the plasticity ind-ices
varied from 19 to 42 for the embankment samples. The embank-
ment materials were classified as silty clay and as CL and/or CH.
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%
Shear Strength. A triaxial shear test (CU and E-L_I) 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 [
parameters of 0.97 to 0.99. The total stress shear parameters
interpreted from the test data are # = 22.7° with ¢ = 330 psf.

The effective stress parameters for the sample are interpreted

to be g = 28.0° and ¢ = 300 psf.



IV, SLOPE STABILITY ANALYSIS

Computer analyses of slope stability were performed using the
modified Swedish circle method for steady seepage conditions at the
maximum section of the lagoon embankment (near Boring No.2). In
our analyses we assumed a downstream slope of 1.7 from the tc.)p 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 fee;. 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 90. 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 ((ET) 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).



V. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Based on the field and laboratory test data obtained from this
investigation and on cuwrrent Soil Conservation Service criteria, we
conclude that the National Zinc Company waste water lagoon hés 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 graaed so as to divert all
uncontaminated storm water runoff from entering the subject

lagoon system.



(3)

Seepage does not appear critical at the present time; however,
timely observations, measurements, and analysis of data are rec-
ommended as a safeguard for future continued use of the lagoon.
The seepage quantities could be determined economically by con-
structing weirs. The seepage quantities could then be monitored
by studying the weir readings taken periodically. Tests of the
dissolved and suspended solids in the seepage water could 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 duantity 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 cver
other forms 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 yeu have questions concerning this report, please give us a call

at your convenience.

Submitted By: WICHITA TESTING LABORATORIES

- 11 -
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Appendix 2
Lithology and Completion Logs of New Monitor Wells



COMPLETION WELL

LOG

A & M ENGINEBRING AND DRILLING METHOD: A[R RQTARY BORING NO.
ENVIROMMENTAL SERVICES. INC. 6 1/4°  AIR HAMMER MV-3
SITE NAME AND LOCATION SHEET
NATIONAL ZINC SITE SAMPLING METHOD: 1 oF 1
CHERRYVALE, KANSAS DRILLING
START FINISH
WATER LEVEL TIME TIME
WEATHER SUNNY TEMP 100 F TIME 1130 PM | 3:00 PH
G.L. ELEV. DATE DATE DATE
DATUM  MSL TOC ELEV. CASING DEPTH 7-22-03 7-22-03
DRILL RIG: ATV AIR HAMMER TYPE GRAVEL: CASING DIA: 2° SCREEN Dla: 2°

ANGLE BEARING TYPE BENTON(TE: SCHED: 40 PVC [SLOT SIZE: 0.01
SAMPLE HAMMER TORGUE FT.-LBS

g |z 3

< |8 g E

z 2 £ DESCRIPTION OF MATERIAL 4 WELL

g a g NOTES

TOP SOIC, GRAY. SICTY, MOIST
- CEMENT GROUT 0-2.5°
- CLAY, BROWN, LIGHT BROWN, MOIST BENTONITE 25-4.5°
__5 PLASTIC, STIFF 1w CASING
- w1
— -
- LIMESTONE, BROWN, CREAM, FRACTURED, K& ==
WITH SHALE STREAKS, HARD, WET : 5%|  SAND 4.5-165
T L T 1
l-o T I T rl iroft
— 1 1 LIMESTONE, BROWN, DARK BROWN, 7| screen 65-165°
- T T T] CRYSTALLINE, HARD, WET STREAKS
| 1 | TO 13
I L| -
1S L 1] 13165 DRY
| T T 1
1 TD-16.5'

20 —
25 —_
130 _

DRILLING CONTR MOHAWK DRILLING, TULSA OK

ENIS TANER

LOGGED BY

ALLAN BRANTLEY

DRILLER:

1T

CHK’D BY.

DATE Ay 30, 2003



COMPLETION WELL
LOG

TD-

SHALE, GRAY, BLUISH GRAY,
SLIGHTLY MOIST, MEDIUM SOFT

225’

A & M ENGINEERING AND DRILLING METHOD: A[R ROTARY BORING NO.
BNVIRONMENTAL SERVICES. INC. 6 1/4° AIR HAMMER Mw-7
SITE NAME AND LOCATION SHEET
NATIONAL ZINC SITE SAMPLING METHOD: 1 OF 1
CHERRYVALE. KANSAS DRILLING
START | FINISH
VATER LEVEL TIME TIME
WEATHER SUNNY TEMP 100 F TIME 7:30 AM| 930 AM
GL. ELEV. DATE DATE DATE
DATUM  MSL T0C ELEV. CASING DEPTH 7-23-03 7-23-03
BRILL RIG: ATV AIR HAMMER TYPE GRAVEL: CASING DfA: 2° |SCREEN DiA: 2°
ANGLE BEARING TYPE BENTONITE: SCHED: 40 PVC |SLOT SIZE: 0.01
SAMPLE HAMMER TORQUE FT.-LBS
8| % ]
g
: |8 g :
z 5 n DESCRIPTION OF MATERIAL 4 WELL
g g NDTES
TOP 3SUIL, GRAY, MUIST, STIFF
- CLAY, GRAY, DARK GRAY. MQOIST, CEMENT GROUT 0-35°
L STIFF, PLASTIC
_5 BENTONITE 35-S.5°
— [ 1
| 1 1 rl LIMESTONE, BROWN, CREAM, WITH
[ T—T——T] SHALE STREAKS casing
1
— | I
. T
10 SHALE, GRAY, WITH THIN
— LIMESTONE STREAKS
= SHALE, BLACK, FISSILE SAND 5.3-22.5
15

SCREEN 7.5-22.5°

DRILLING CONTR MOMAWK DRILLING, TULSA OK

ENIS TANER

LOGGED BY

ALLAN BRANTLEY

DRILLER:

IT

CHK'D BY

DATE 2ax 30, 2003



COMPLETION WELL
LOG

A & M ENGINEERING AND DRILLING METHOD: AIR ROTARY BORING NO.
ENVIRONMENTAL SERVICES, INC. 6 1/4° AIR HAMMER NV-6
SITE NAME AND LOCATION SHEET
LANDFILL EXPANSION (ROONEY PROPERTY) 2
GUARRY RECYCLING AND DISPOSAL FACILITY o uING ME THOD 1 _oF |
TULSA, OXLAHOMA DRILLING
START FINISH
WATER LEVEL TIME TIME
WEATHER  gunNY TEMP 100 F TIME 16:1S AM|12:30 PM
GL. ELEV. DATE DATE DATE
DATUM MSL TOC ELEV. CASING DEPTH 7-23-03 | 7-23-03
DRILL RIG: ATV AIR HAMMER TYPE GRAVEL:! CASING Dia 2° SCREEN Dia: 2°
ANGLE BEARING TYPE BENTONITE: SCHED.: 40 PVC {sSLOT SI1ZE: 0.01
SAMPLE HAMMER TORQUE FT.-LBS
B | g
: | 8 g g
z 3 5 DESCRIPTION OF MATERIAL o WELL
3 a 3 NGTES
SOIL, GRAY, MOIST
- ===—==3 CLAY, BROWN, DARK BROWN, MOIST, = CEMENT GROUT 0-5°
Smmmmei PLASTIC, WITH GRAVEL LAYER AT S.0° bm
— — BENTONITE 5-8'
- T" T ] LIMESTONE, LIGHT BROWN, CREAM, B, asinG
10 " T] HARD, FRACTURED, PARTLY 2
! | ] | CRYSTALLINE
[ 1 =
L SHALE, BLACK, FISSILE, HARD %
| INTERBEDDED WITH GRAY SHALE 28
| saND 8-30°
20 SHALE, GRAY, BLUISH GRAY, N
— SLIGHTLY MOIST, SOFT 5
L Zs;] SCREEN 10-30'
B
— 11 LIMESTONE, BROWN, GRAY, HARD, DRY =
—_— 1 1 \-
30 SHALE, GRAY, BLUISH GRAY, SOFT, —[*
L MICACEQOUS -
— SHALE, GRAY, DARK GRAY, FISSILE — 30 T 40 FT
n MEDIUM HARD — PLUGGED BACK
140 ]
TD-40'
50 _
60 _
- —

DRILLING CONTR MOHAWK DRILLING, TULSA OK

ENIS TANER

LOGGED BY

ALLAN BRANTLEY

DRILLER:

17

CHK'D BY

DATE 2y 3. 2003



COMPLETION WELL
LOG

A & M ENGINEERING AND DRILLING METHOD: AR ROTARY BORING NO.
ENVIRONMENTAL SERVICES, INC. 6 1/4° AIR HAMMER MW-7
SITE NAME AND LOCATION SHEET
NATIONAL ZINC SITE SAMPLING METHOD: 1 oF 1
CHERRYVALE, KANSAS DRILLING
START FINISH
WATER LEVEL TIME TIME
WEATHER SUNNY TEMP 100 F TIME 730 AM| 9:30 AM
GL. ELEV. DATE DATE DATE
DATUM MSL TOC ELEV. CASING DEPTH 7-23-03 7-23-03
DRILL RIG: ATV A[R HAMMER TYPE GRAVEL: CASING Dlas 2° |SCREEN Dla: 2°
ANGLE BEARING TYPE BENTONITE: SCHED: 40 PVC |SLOT SIZE: 0.0t
SAMPLE HAMMER TORGUE FT.-LBS
g |z 3
| g :
F3 3 = DESCRIPTION OF MATERIAL - WELL
gl g NOTES
TOP SOIC, GRAY, MOIST, STIFF
= CLAY, GRAY, DARK GRAY, MOIST, CEMENT GROUT 0-35°
- STIFF, PLASTIC
5 BENTONITE 3.3-S5°
= 1
| I ll [l LIMESTONE, BROWN, CREAM, WITH
B 1] SHALE STREAKS CASING
1
— C 1T 1
. T
10 SHALE, GRAY, WITH THIN
— LIMESTONE STREAKS
B SHALE, BLACK, FISSILE SAND 3.3-225'
15 ==
]
- —
2 SCREEN 7.5-225
— SHALE, GRAY, BLUISH GRAY, —EE
SLIGHTLY MOIST, MEDIUM SOFT "gi‘
20 =
2 =
— TD-22.5 g St = By
25 -
| 30 _

ALLAN BRANTLEY

DRILLER:

DRILLING CONTR MOHAWK DRILLING, TULSA Ok

ENIS TANER
CHK'D BY.

LOGGED BY
DATE _avv 30, 2003



COMPLETION WELL
LOG

ALLAN BRANTLEY

DRILLER:

DRILLING CONTR MOHAWK DRILLING, TULSA OK

A & M ENGINEERING AND BRILLING METHOD: A[R ROTARY BORING NO.
ENVIRONMENTAL SBRVICES, INC. 6 1/4° AIR HAMMER MWV-8
SITE NAME AND LOCATION SHEET
NATIONAL ZINC SITE SAMPLING METHOD: 1 oF 1
CHERRYVALE, KANSAS DRILLING
START FINISH
WATER LEVEL TIME TIME
WEATHER SUNNY TEMP 100 F TIME 415 PM| 6:30 PM
GL. ELEV. DATE DATE DATE
DATUM MSL TOC ELEV. CASING DEPTH 7-22-03 7-22-03
DRILL RIG ATV AIR HAMMER TYPE GRAVEL: CASING DIA: 2° |SCREEN DIA: 2°
ANGLE BEARING TYPE BENTONITE: SCHED: 40 PVC |sLOT SIZE: o1
SAMPLE HAMMER TORQUE FT.-LBS
5|3 3
=14 g g
z |2 £ DESCRIPTION OF MATERIAL - WELL
8§ g NOTES
SUIL, GRAY, DARK GRAY, SILTY, MOIST
| CLAY, GRAY, MOIST, STIFF, PLASTIC CEMENT GROUT 0-35°
5 LIMESTONE, CREAM, BROWN, HARD, BENTONITE 3.5-S.5°
| DARK BROWN, CRYSTALLINE
| CASING
- SHALE, BLACK, DARK GRAY, FISSILE
B MEDIUM HARD, DRY
10 SHALE, GRAY, LIGHT GRAY, WITH
— FINE-GRAINED SANDSTONE STREAKS,
| MOIST
| SAND 5.5-22.5'
15
— SHALE, GRAY, LIGHT GRAY, WITH SCREEN 7.5-22.5°
|- FINE-GRAINED SANDSTONE STREAKS,
= MOIST
<0
- TD-22.5°
25 -
n -
L -
130 ]
= -

ENIS TANER

LOGGED BY

7

CHK'D BY

DATE _2xx 30, 200



Appendix 3
Lithology and Completion Logs of Existing Wells
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PROJECT

WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation
Materials Engineers National Zinc Company
Wichita , Kangzas Cherryvale, Kansas
BORING LOG
Boring Methad: 6-in continuous flight auger Standord Penatragtion Test!? 8aoring Na. 2
Undisturbed Soil Sampler: 3-in.0d. thin-walled tube}!40-1b. Hammer{ 30-in. Fall |2-in.0.d. Split-barre!l Samplar] Sheet ]_ af 2
weMoisture Cantent, Y%! D=Dry Dansity, pecf Panertration Raslistance: N=2Blows per foo! Date: 4_11_78
El9'2'°']i°" 8'9”' g;?nubpol Description of Matariols 5“';;"3:0-: Remarks
. 5 Fill: cinders, brick, tile, etc.; loose.
91.1 1 : B
4CH | Eill: silty clay: very dark grayish
d& brown, dark yellowish brown and
JCL | reddish brown; wet; medium and high
89 1 |3 plasticity; stiff. 4 | ‘]‘:’)V=9285:
E As above but saturated in seams. 3
: 41 N=9
— 5
3 Water Level @ 7.7
= (Elev. 84.4) After
- 24 Hours
g4.1 (8 IV St _
3 Very wet to saturated w=3z.1
: 24 ‘ D=90.3
. 4_IN=9
7 S
]
E wW=30.2
3 6 | D=94.9
78.6 |13.53
CL | Silty Clay: some organics; very dark 1
3 gray; very wet to saturated; medium 2 _IN=5
27 1 15 4 plasticity; medium stiff. (old topsoil) 3
Jor N\- . w=27.3
i Silty Clav: dark yellowish brown; s F D=94.9
75 6 1654 saturated; high plasticity; medium
) ) Z% \ stiff. : L
EJ Limestone: weathered and broken.
73.1 19 :‘17 - - -
345! Limestone: hard; light yellowish
4170 brown. (possible Winterset Limestone)




WICHITA

Materials
Wichita

BORING LOG

Engineers

. Kansas

TESTING LABORATORIES

PROJECT

Lagoon Embankment Evaluation
National Zinc Company
Cherryvale, Kansas

Boring Method: 6-in continuous flight auger

Standard

Penatrgtion Taest Boring Na. 2

Undisturbed Soil Sampler: 3-in.0d. thin-walled lube

14 0-1b.Hammer

30-In.Fall

2.in.0.d. Split-barrel Sampler] Shaat 2 of 2

wiMoisture Content, ‘/.l D=0ry Denslty, pct

Penetration Reslistances:

N=sBlows per foot

0020:4_18_78

Group

Ll_l[J_llLLllil_lllllJIlllllJllllllJJ'LllIlllilllJ_lllllLlllJlll_lllllllllll_Ll lllllllllJJll_lIllmll_ll

Elsvati o] h : . m
A 7'2°. 1°“ 2'09' Sy:nbol Dascription of Matarials SGN:‘.BIO‘" Ramarks
! Limestone: as before; but shaley;
dark gray and hard. -
70.6 21.
Shale: dark gray with thin limestone =
stringers. (possible Stark Shale)
67.1 |25




WICHITA

Materials
Wichitg

TESTING LABORATORIES

BORING 1LOG

Englineers

., Kansas

PROJECT

Lagoon Embankment Evaluation
National 2inc Company
Cherryvale, Kansas

Boring Method:

6-1n. continyous flight auger

Standard

Penatration

Test

Boring No. 3

Undisturbed Soil Sompler: 3-in.ad thin-walled tube

{$0-1b.Hammar| 30Q-in. Fall

2-in.0d. Split-barral Samplar

Sheet 1 of 2

wrMoisture Caontant, %| 0=

Ory Oensity, pef Penetration Resistance:

Nz2Blows par foot

Doto:4-]_l_78

Group
Symbol

Elevation Depth

Dascription of Matarials

Sampla
No.

Blows

Remarks

—91.3 |0

90.3 |1

Fill: cinders, brick, clay tile, etc.

CH

87.3 1|4

Fill: silty clay; dark yellowish brown,
grayish brown, reddish brown and
gray; wet; high plasticity; stiff to
medium stiff with depth.

CL

83.8

Fill: silty clay; very dark brown and
yellowish brown; wet with saturated
seams; medium plasticity; medium
stiff.

83.3

82.3 |9

80.3 |11

CH

lllllILlll llllllllllljll 1 lllllllllLLllllll lll_Lllllllllll N

77.8

—
w
(44 ]

Silty Clay: very dark gray with some

Yrganics; wet; medium plasticity; med.

stiff to stiff. (old topsoil zone)

oncretions; wet; high plasticity;
medium stiff to stiff.

\;ilt_:_z Clay: dark gray with lime

\

As above but dark yellowish brown.

Gravelly Clay: 20% fine to medium
gravel (chert); dark yellowish brown;
wet; high plasticity; stiff.

10

(98]

NS

11

111

1

74.8 |16.57

Limestone: dark yellowish brown;
broken and weathered. (possible
Winterset Limestone)

11

1'111111

T

Limestone: light yellowish brown;
fossiliferous; medium hard.
(Winterset Limestone)

W=25.5
D=94.8

W=28.5
D=385.5

Water Level @ 7.7!
(Elev. 83.6) After
24 Hours
. W=24_3
D=98.0

w=22.4
D=107.6

Firnure &

MNrillad Awv-

William D

Miacal




PROJECT
Materials Enginaers National Zinc Company
Wichita , Kansas Qherryvale, Kansas
BORING LOG
Boring Method: 6-in continuous flight auger Standord Penetration Test Boring Ng. 3
Undisturbed Soil Sampler: 3-in.0d. thin-walled tube|l40-ib.Hammer| 30-in. Fall |2-in.0.d. Split-barrel Sampler| Sheea!t 2 ot 2
wrMoisture Content, % | 0+ 0ry Density, pcf Penetration Resistance: N=2Blows per fool Dalo:4—11-78
Elevation | Dapth |Graup Description of Material Samolegioys Ramarks
71,3 |20 —me : No
3 Limestone: gray; hard.
.
69.3 22 -
- Shale: dark gray (possible Stark Shale)
68.3 [23 ||| rcama -
= | reous,
67.8 [23.53
= Shale as before. [~
3
E !
= [
4: "
]
_: -
=
—1




WICHITA
Materials

TESTING LABORATORIES

Engineers

PROJECT

Lagoon Embankment Evaluation
National Zinc Company

Wichita K.u-nscs Cherryvale. Kansas
BORING LOG
Boring Method: 6-in continuous flight augaer Standord Penatration Test Baring No. 4
Undisturbed Soii Sampler: 3-in.ad thin-walled tuba]i40-Ib. Hammer 30-in.l'=oll 2-in.0d. Split-barral Sampler| Sheat ] of 2
weMoisfure Cantent, %| D=Dry Density, pcf Panetration Reslistance: N*Blows per foot 00'054—11-78
_5'9'2'7;"" 00"’”‘ g;:qub‘::l Description of Materials Sc:‘\:.laglo,,, Romarks
] Fill: cinders, brick, clay, tile, etc.
91.1 1 :
) Jcr | Eill: silty clay; dark yellowish brown,
3 gray and reddish brown; wet; medium
n plasticity; medium stiff.
— 12 | wW=25.4
. D=97.9
8s.1 |4 3 2
JCH&| Fill: silty clay: very dark gray and 3 =8
_JCL | dark gray; wet to saturated in seams; S
- high and medium plasticity; medium
2 stiff.
—: -t
B | wW=25.7
84.6 |7.5 3. - : 13 D=96.9
=CH | Silty Clay: dark yellowish brown with n
Jw/ | iron stains; wet to very wet; high Water Level @'9.5¢
qcL | plasticity; with medium plasticity 2 |(Elev. 82.6"') After
3 zones; medium stiff. 3 |24 Hours '
i1V TN=7
. 14 w=27.1
= = D=92.8
80.1 |12 3 NS ' 4
ECH Gravelly Clay: 20 to 25% fine to S N=10
= medium gravel; dark yellowish brown; 5
n very wet; ‘high plasticity; stiff.
77.6 |14.57
- As above but saturated. |
76.6 15. SE
. Limestone: broken and weathered. -
1
75.1 17 4= -
. Limestone: light gray; hard. (possible
_-TT. Winterset Limestone) |
.
1 e
-
72. 1 20 b & haln




WICHITA TESTING LABORATORIES

PROJECT

Materials Engineers National Zinc Company
Wichila , Kansas
. Cherryvale, Kansas
BORINGLOG

Lagoon Embankment Evaluation

Boring Method: B6-In contl

avaus flight auger Standord Pen

efration Test

Boring No. 4

Undisturbed Soil Samplar: 3-in.ad thin-wallad tuba]i4Q-tb. Hammer| 30-in.Fall

2-inod. Split-barrel Sampler

Shaeet 2 of 2

waMoisture Content, %! Os

Ory Density, pcf Penetration Resistan

ce: NaBlows per foot

00'0:4—11;78

Elevation | Depth |Group

Description of Matarials

No.

Samplelg gy, Reamarks

-t

-

71.1 |21

As before.

i1

Limestone: sandy and shaley; dark

Llll 1114

L1t llJl ll

63:.1

N
w

gray.

Shale: fissile; black; hard.
{possihle Stark Shale)

62.1

w
o

LLlL[lJl_lll_lJlllllllllLlI_LllilllJllJllLlllllll_l_ll e

Fianre Sa

MNeillad Rire W1l iawm D I X PP




WICHITA TEST
Materials

ING LABORATORIES
Engineers

PROJECT

Lagoon Embankment Evaluation
National Zinc Company

Wichita , Kansas Cherryvale, Kansas
BORING LOG
Boring Mathod: 6-in. continuous flight auger Standard Penetration Tea!

Boring No. 1

Undisturbed Soil Sampler: 3-in.od thin-walled tubejid0-ib Hammer| 30-in. Fall |2-in.0.d. Split-barre! Samplar| Shaat l of 1
wrMoisture Content, % | D=Dry ODansity, pcf Penetration Reslstance: N:«Blows par foot Dnta;4_ll_78
Eg"l'a;" O°°p'h g;:aubpol Description of Matlerials 5°':“g_‘° Blows Remarks
‘ 3 Fill: cinders, brick, tile, etc.; loose.
90.7 |1 . _ -
icH Fill: silty clay; dark yellowish brown
7 mottled with very dark brown and B
n grayish brown; wet; med. plasticity:
= stiff. 1L W=23.6
5 D=101.5
— 6
. 7| N=13
— | 6
86.2 5.5 3
—: As above but saturated in seams. ~
85.2 B.5 1 -
+4CH | Silty Clay: very dark gray and dark |
84 2 7 5 3 grayish brown; wet to saturated in Water Level @ 8.0
: 7 dc \seams; high plasticity; medium. stiff to (Elev. 83.7) After
] %7  stiff. (possible fill) 24 Hours
82 7 P 3 Silty Clay: very dark gray; minor 2 | )
) Jcg \organics; saturated; mec- plasticity; W_‘ 7.1
3 medium stiff. (old topsoil zone) 5 D=94.5
E Silty Clay: dark yellowish brown; 2| N=7
= saturated; high plasticity; medium 5
. stiff,
E
- -
79.2 [12.5 1
] As above but some limestone gravel. =
3 3 w=33.4
= D=87.6
76.2 15.5 1
. Limestone: broken and weathered.
75.2 [16.5 3
JI‘E Limestone: light gray and hard. 5
3 (possible Winterset Limestone)
.
73.7 18 —+r =
3! Shale: dark gray to gray; hard.
% [ (possible Stark Shale) i
] CoalSeam -
71.7 20 41!}




PROJECT
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation

Materials Engineers National Zinc Company .

ichi . K
w'c." ': e Cherryvale, Kansas
BORING LOG
Boring Maethod: 6-in continuaus flight auger Standard Penetration Test Boring No.

S

Undisturbed Soil Sampier: 3-in.ad thin-walled tube]l 4 0-ib. Hammaer| 30-In. Fall |2-in.0.d. Split-barre! Sampler] Shest 1 of 2

wrMoisture Content, % | O=O0ry Density, pef Penatration Resistance: N=Bliows pesr foo! Dule:4-11_78
evation 0 h Geou .
—5'94?’]'-° 0"' -JSymbpal Description of Materials sa::"a'ov: Remarks
.
= Fill: Cinders. B
. Water @ 4.0°
90.1 |4 e Y4 . | |After Drilling.
j As above but saturated. (perched in clnders
3 — |above silty clay)
87.6 [6.5 3
.SCL Silty Clay: very dark grayish brown; -
| - very wet; low to medium plasticity;
86. 1 8 j medium_s.tiff._______.....-__...__.-_..- e rmeemens -
JCH | Silty Clay: brownish gray with olive
3 yellow and iron staining; very wet; o
- medium to high plasticity; medium ,
— stiff, __
82.1 12 E -
- As above but yellowish brown with
- light gray to gray mottling; iron stain; "
Z 10 to 15% coarse sand; stiff.
_: |
n
78.1 16 —: B
| ; As above but with 15 to 25% gravel.
77.1 17 : L
3 Limestone: yellowish brown; weathered
. medium hard. ~
B o - GEE .. e e -
75.1 19 T{I‘_‘!_ Limestone: yellowish brown to light
351 | gray: hard.




WICHITA TESTING LABORATORIES
Mataerials Engineers
Wichita . Kcn_\sas
BORING LOG

PROJECT
Lagoon Embankment Evaluation
National Zinc Company
Cherryvale, Kansas

B8oring Maethod:

6-In. contlnuous flIght guger

Standard

Penatration Test Boring No. 5

Undisturbed Soil Sampler: 3-in.ad. thin-walled tubefi40-1b. Hammaer

30-in. Fall

2-in.0d. Split-barrel Sampler] Sheet 2 of 2

w*Moistura Contant, %

D=Ory Density, pcf

Penetration Resistance:

N=Blows per foot

Oate: 4-11-78

E';;“i"n ;6’“‘ g;:‘u:ol Description of Materials 5“'32_“81«: Remarks
) T Limestone: as before,
‘1 .
72.6 {21. 5:#
. Limestone: shaley; medium hard. i
71.1 23 -
5 Limestone: hard.
— =
68.1 26 f =
] Shale: dark gray; hard.
]
—j -
= Calcareous i
64.1 30 :
5 o
]
.
5 »
3
— -
.
—] -
—
_;1 -
__j |
.
- L




PROJECT
WICHITA TESTING LABORATORIES ,
) ) Lagoon Embankment Evaluation
Materials Engineers National Zinc Company
Wichitea , Kansas
: Cherryvale, Kansas
BORMNG -LOG
Boring Method: 6-in continuous flight ougaer Standard Penatration Test Boring No. 6

Undisturbed Sall Sampler: 3-in.0d. thin-wallad tube|Id30-ib. Hammer| 30-in Fall |2-in.0d Split-barrel Sampler] Sheat 1 of 2

wa2Moisture Conlent, Y| D20ry Density, pct Penetrallion Resistance: N*Blows par foot Duto:4—12-78
_E;;‘”li" 00"'" g;:‘b‘:l Oescription of Matarials 5°:gf°ﬂlow: Remarks
) ] Fill: cinders and ash with brick’
E and tile rubble; saturated @ 3.0'; R
] loose. )
.
— B Water @ 3.9' After
3 Drilling
? V B (Perched above
89.6 4.5 7 silty clay)
—{CH | Silty Clay: very dark gray; traces of —
] fine sand; very wet; medium to high
88.1 |6 S -| plasticity; medium stiff. =
n \
e As above but olive gray, gray and |
p
. yellowish brown mottled.
85.6 (8.5 J
—CH | Silty Clay: yellowish brown mottled =
] with light gray to gray; very wet; high
— plasticity; medium stiff to stiff. -
3
82.1 [12 J -
; As above with 20 to 25% limestone
— gravel; stiff. R
80.6 [13.53 - e
— Limestone: yellowish brown; broken -
- and weathered. (possible Winterset
. Limestone) -
78.6 15.5 2 Limestone: light gray; hard. B
] (Winterset Limestone)
77. 6 16. S 3 PN o eeiammas mie meim eme . e —
_d]:L As above but broken in part, -
i
I -
1
74.6 19.5 :TT ol ) ——— » L=
+HT Limestone: hard. (Winterset Limestonea

-

Pmirres 7 Lon WIS BLEIPUIE B o JUAN

tarcite L. 0™ o~ - *




PROJECT
WICHITA TESTING LABORATOR
. ] IS Lagoon Embankment Evaluation
Mate r:vg'l‘s' KE ngineers National Zinc Company
ichita ansas
_ Cherryvale, Kansas
BORING LOG
Baring Methaod: 6-in continuous flight cuger Standard Penetration Taest Boring No. §
Undisturbed Soil Sampler: 3-in.od thin-walled tube|l40-Ib.Hammar{ 30-in. Fall [2-in.0d. Split-barrel Sampler| Shaet 2 of 2
wrMoisture Content, %| OsOry Dansity, pef Penetration Rasistance: N:Blows par fool Date:4-12-78
_E'_;éa.']i."“ ;69”‘ g;?“ub‘:” Description of Materials S°'::'°Blovs Remarks
"[:' Limestone: as before.
] r
72.6 21.8F
3 Shale: gray and light gray; sandy; B
5 high plasticity; hard.
= (possible Stark Shale) i
69.1 |25 =
=
=
| = -
—'] ad
p
o Figure 7 Drilled By: William R, Gies=a!




PROJECT
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation
Materials Engineers National Zinc Company
Wichita , Kansas Cherryvale, Kansas
BORING LOG
Boring Methad: 6-in continuous flight auger Standard Penetration Test Borlng No. 8
Undisturbed Soi! Sampier: 3-in.ad thin-walled tuba}id0-Ib.Hammer| 30-ln. Fall |2-in.0d. Spllt-barrea! Sampler} Sheet 1 of 1
wrMoisture Content, %| O=0Ory Density, pcf Penatration Reslstance: N:Blows par foo! Date:4—12—78-
Elevation | Depth |Group Description of Matariagls Samplejg o,y Remarks
St.)_ 92.0 0 -Symbol No.
] Fill: cinders.
91.0 (1 -
. CH | Fill: silty clay; dark brown mottled !
- with dark yellowish brown and =
-—:1 reddish brown; wet; high plasticity;
] stiff. i
- 88.0 |4 - - ; "
4CH | Fill: silty clay: gray; yellowish
3 brown and dark gray; very wet; high
— plasticity; stiff. B
85.0 |7 i
4CL Silty Clay: very dark gray; very wet;
84.0 |8 - medium to high plasticity; medium 2
ECH N stiff. (old topsoil zone)
85.0 |9 3 Silty Clay: dark gray; very wet; high N
jcH Ylasticity; medium stiff to stiff.
3
3 Silty Clay: dark yellowish brown; very
A wet; high plasticity; stiff. B
2
78.5 |[13.53
78.0 14 —1 Weathered Limestone.
= -




PROJECT
WICHITA TESTING LABORATORIES

Materials Engineers i Lagf)on Emt.aankment Evaluation
Wichita , Kansas National Zinc Company
Cherryvale, Kansas

BORING LOG

Baring Method: 6-in continuous flIght augaer Standard Paenetratlion Test Boring No. 9

Undisturbed Soil Sampler: 3-in.0d. thin-walled tubalid Q-tb. Hammaear| 30-In. Fall |2-in.0.d. Split-barral Samplaer] Sheat 1 of 1

w*Moisture Content, Y| O+ 0ry Density, pecf Penatration Resistance: NzBlows per foo! Date: 4_12_78
| E'g'é‘”(i)“ 8’9”’ g;?ﬂ":ol Description of Materials 5°'ng_‘°910n Remarks
’ T ] Fill: cinders, brick, tile, etc.:
91.0 1 . loose. |
dcH | Fill: silty clay; dark yellowish brown,
—: brown and grayish brown; wet; high
. plasticity; stiff.
—
]
3
88.0 |4
JCL Silty Clay; very dark gray to dark gray
3 with some organics; saturated; medium | -
87.0 |5 3 o [\plasticity; soft to medium stiff. (old 15 EV:;C? 65
3 topsoil zone) i :
85.5 (6.5 . ] Silty Clay: dark gray; very wet; high
T3 \flasticity; medium stiff. .
_i As above but dark yellowish brown and n
3 stiff.
3 i
— -
3 B
= .
3 :
:
77.0 1§ =4 7 o —
76.5 |[15.573y.o . -220Uratec. ————
76.0 |16 j,_ll_d Weathered Limestone.
]




Appendix 4
Slug Test Data and Graphs



Cherryvale, KS
Cherryvale, KS Hvorslev Graph
8/4/2003 MW-5
. -
_ 1 ® o ® Time Lag = 3141 seconds
] PY Shape Factor = 2.865
- . . .
_ ® o Partial Penetration Case A
| ® o Analysis starts attime 60. seconds
0.37 ® | Analysis ends attime 110. minutes
- 25 Measurements analyzed from 1 to 25
5 [ )
$01 —f o
5 -
2 . o
©
m —
hel
1]
g ] o
1.e-002
~] Hydraulic Conductivity = 2.252e-005 cm/sec
- Transmissivity = 0.1483 m2/day
| 1 I 1 I I
0 1 _ _
Time Lag Adjusted Time (hours)
Project Number 1804-002 Ho is 2.51 feet at 60. seconds
Analysis by Starpoint Software

25/11/2003



Cherryvale, KS
I Cherryvale, KS Hvorslev Graph
8/4/2003 MW-8
. v e e ® Time Lag = 2788 seconds
. Co o Shape Factor=6.
_ ® o | Partial Penetration Case A ,
| —~—— e | Analysis starts attime 60. seconds
0.37 ' — = — ~ | Analysis ends attime'91. minutes.
‘ . ' \ 22 Measurements analyzed from 1 to 22
8 5
S01 — '
5 -
§ o
m —
hed —
s
I -
[
1€:002) 7 N
7] Hydraulic Conductivity = 1.212e-005 cm/sec.
- Transmissivity = 9.572e-002 m2/day
T T T ' ' | — T T
0 1 -
o 7 Time Lag Adjusted Time (hours)
PrOJGCt Number 1804-002 Ho.is 0.69 feet at 60. seconds’
Analysis by Starpoint Software

2511112003
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Appendix 5
Groundwater Sampling Field Data Sheets and Laboratory Analytical

Reports.



FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET

PROJECT NAME: __vtuspatle PROJECT NO:_)8DY-tp2- 203
SAMPLER NAME: » Yputo PERSON PRESENT:
WEATHER:_ (/2. AR TEMP: 5.3° / LAST PRECIPT.

[YAZ. Ao

LSCATION (STATICN NG}

: _ Nw# S mw i b Mw 2+ 7 mwp s |
| NN ueh 9/03 fe3 1.0 7,/ 23/p2 /3:30 ?’Lj/a 3 1320\ Yeses !
oAE ano Time PuRSED  I9/93/p3 1395 7,&37/92 1530 q/&z/oj 1405 5 /bs 15000 l
[[oa= ano i savere 7,/?_31/9; )/, .00 77’[;&)0/3 1430 7![?/93 IAJ_W_L /4382 1
A - PP 7 V. 7% .
i} CEPTH TO WATER (DTWI 7 0 //I 2 ‘7' / QL&

TSTAL OEPTH (Tl /?)3 ZL/I Qé'ss Jé'a

YOCLUME PURGED

|
; REIJUIRED PURGE VCLUME / l
| i 9.5 1.9 /129 |
|
|

hond, Dyppte |

! THRICKNESS QF naprL ONAPY M E
yont. Shone | 102 Ko,
| BT 1 225 1269 V798 102.330.91,8.8|/96 /74,
132 1796 V&8 | /o8 | 127 2.9 \ /oS /0]
SAMPLING P THY 19.35 | 2o 1763 | 7t |\ 750|277 17.&9!
(NST. NAME ' 1238 1236 | 2801783 | 260 | 2,771 740 | 7.55)]
SAMPLING SPES. CINO | 040 bo0o | 2706 2510 2/50 $0.04 HQ/OJ
(INET. NAME [ g30 4%3& 2896 | 33 | 30 13440 J’aa?a L{J.?al

COLCR

ey, Nl sonnty Nthiar iy
SEDIMENT %‘V % &/{iﬁﬂv&r Mﬂdﬂ_l
FIELD TREATMENT %ﬂ M W

SRR V- /M/ﬁ/ bid |
sne raaceounes L % |, =

NOTE:

SOogaRr

Veolume calculation: 2° - 0.163 gauft, 3° - 0.367 gaUft, 4° - 0.653 gal/ft  ([(TD-OTW) x gal/ft] x 3} + 3.5 gai = voluma to avac.



SAMPLER NAME

Jeq

PERSON PRESENT

PROJECT NUMEES

- VOLUME CaALTULATICON:

2" ~0Q.163 casFT. 37

WEATHER c/g41, AMBIENT AR T2ME, 76 LAST PRECIP,
J[=2caticn : ! f oy
: :‘ST.—‘«T?Cle\.'O_\ N FH Q/ !IV‘W% i MU 7 N\\J n/
; {E"%-:\—JFITECN cF : 67494/ A 0“) | 6‘6“) Ga)
l,:A.z; SeISEIEE . Froon) " (round G rod
SAENCTME ¥4 3 9-6-03 £-6-03 $-6-03
Mgizusen ) Q.20 12030 05 g
:1,475 “NT ME ﬁ-;} ¢-¢-03, 8-6-93 ,ﬂ—f’;
SURZED /g, o0 It 33 i 02 .28
=1 ot iz \ ‘ - Y599 ' -G;f 1 3
: ;:MT:!_;DC P‘ “3 3 31 lg’ §-93 '}L\’) !g 'Z‘,)'.gvj J{{U
WP SAMEUNG METRCC ‘ - 25 ; ) ! ‘@q[‘i/ ; ‘gk\cr\ gw‘e’f
VRSN 1260l 262§ | 3363
- NEST. 1 H
RS R 11033 3% [ 1]. 64
Q:EKSSZ;'O/(M s | e s
I ] oy : ]
| By 1 | lo.g | 14,3
PUMP RATZ 'WHILS ‘ | '
SURGING | | e
?V:ETSE;VC: cN ) ?f/,'gl,)‘— Pone } hoh
SAMFPLING 120 7 /9.5 i 18.1 2.9 112.¢ 9.1 i 192 9.6
TEMEERATURS 9.6 ?@ﬁl 5.0 6.7 ¢ & 2.7 L 1§96 (2.6
SAMFLING o 12,00 74| | 7.00 ~.23 '7.26 234 | {ys {46
230 1 939 932 | 239 22f 929 'teee (462
SAMPLING 3FZoiFiC ,QQQ | 440 12600 Q400 | do 2200 | 2700 1/00 _
CONCUCTANCE @0 | 6520 24950 2900 ;2_360 |2200 12200 2400
coLeR IWGNJ-{ | CIC&/‘*"(W’LD\ | C{eo\r -9mvf}c\j C{etz\r §Kv»L/j__li
OCCR |Nanb ! Non?_ Ifa”'i | hone ‘
SSOIMENT .

SOIMENT | V]?-Jiu‘w ! Vj\JNh—. l MOJ)\;"—) hwe/))ul-w")jz:)%_!
FIELD TREATMENT ' ' |
sszavation | | #ﬂ whsed. | preieve / | Pre p fre s ;
PURGING/SAMPLING | ~ ' |
PLAN vPLnG | i I yes | s g/ !

/

— 0.387 caurFT. & - 0.653 caurFT

{tracwo) x casFT!l x 3} + 3.5 GaL = VOLUME TO £vac.

OngE s sr = 0.24 CAL.




FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET

PROJECT NAME:_C hevnsuale , KS PROJECTNO:__($CH-CCR

SAMPLER NAME: @nu\\a ,) awmes  PERSON PRESENT: CHLLL’, [_'—m’u‘j; el

WEATHER: /11-;,L\\T AIR TEMP:_ 40‘/~ _ LAST PRECIPT. s

LOCATION {(STATION NMO.)

DATE AND TIME WATER M LU_ - H W- 6’ W’E MW’ 7

LEVEL MEASURED u!g%‘/[{'i 30g if’/f%{/ﬂ‘j 3.5 _f;/,c}/r\% 3. 2% gr/f%s > 35

DATE AND TIME PURBED

DATE AND TIME SAMPLED

SAMPLING METHOD

TOP OF CASING ELEV.

DEPTH TO WATER (DTW)

TOTAL DEPTH (TD)

REQUIRED PURBE VOLUME

VOLUME PURGED

THICKNESS OF MapU/ONAPL

SUBSTANCE ON WATER

SAMPLING TEMP.

SAMPLING PH

(INST. NAME

SAMPLING SPEC. CQOND

(INST. NAME

COLOR

SEDIMENT

FIELD TREATMENT
PRESERVATION

PURGQING/SAMPLING PLAN
AND PROCEDURES
FaLLoweD?

OTHER

NDOTE:

Volume calculation: 27 - Q.163 galft, 3" - 0.367 gal/tt, 4" - 0.653 gal/it  {[(TD-DTW) x gal/#t] x 3} + 3.5 gal = volume to evac.



FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET

PROJECT NAME:

C;l\e{f-n,j_uale, KS

PROJECT NO:__ /30400

SAMPLER NAME:__ (Sxutw_Jowe=  PERSON PRESENT: Ol Erdvgunl

WEATHER: IDW\\,{,.

LOCATION (STATION ND.)

_‘;f.l-,w}--i‘f

AIR TEMP:_ 50°~  LAST PRECIPT.

M-S

Dhve .

HW-20

M-

DATE AND TIME WATER
LEVEL MEASURED

u!/}'a[/ 3 3O m

whajes 3 05em
e

Welis 302k

ithefus 3D

DATE AND TIME PURGED

DATE AND TIME BAMPLED

SAMPLING METHOD

TOP OF CASBING ELEV.,

D_El-rl'l'-l_'l'a WATER (DTW)

404"

4.55"

/673"

-'rl:i'rAl. DEPTH (TD)

| 3;25"

REQUIRED PURBE VOLUME'!

VOLUME PURBGED

THIDKNESS OF MaPL/DNAPL

‘BUBSTANLCE ON WATER

SAMPLING TEMP.

N =gaMPLING PH

{INST. NAME r

-SAMPLING SPEDC. COND

W HNIT. NAME }

COLOR

'‘ODOR

'SEDIMENT

FIELD TREATMENT
PRESERVATION

PURBINGB/SAMPLING ALAN

AND PROCEDURES

FOLLOWED?

OTHER

NOTE:

Volume calculation: 2"~ 0.163-galift, 3" - 0.367 galft, 4" —0.653 galtt {[(TD-DTW) x gal/ft] x 3}:+ 3.5 gal.= volume to evac.
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FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET

PROJECT NAME:___ (,Lﬂ-p&}-v-a'\e/ K  PROJECT NO:__[ZN4-CONVYS

SAMPLER NAME: ___bavin )uveS  PERSON PRESENT:_O_Erfue ../

WEATHER: _/i,u TEMP: 50°F LA e
VE. HEA 1 » ”AIR =MP:___5(0"F LAST PRECIPT =2 avs

Wl LocaTiaoN (STATION NO.) " - i _

| __ MU= T W-2
‘DATE AN D\VTIME WATER ' . , . ) . !

l| LEVEL MEASURED 11/){%,/6‘5 3:49 ,n’/j‘%[/h:'»_; 0=

DATE AND:TIME PURGED

il DATE AND TIME SAMPLED
SAMPLING-METHOD

TOP OF CASING ELEV.

DEPTH TO WATER (DTW).

TOTAL DEPTH (TD)

' REQUIRED PURGE VOLUME,

VOLUME PURBGED

THICKNESS OF NARPL/DNAPL

I SUBSTANCE ON WATER

SAMPLING TEMP.

SAMPLING PH

(INST. NAME

SAMPLING SPEC. COND

| INST. NAME

COLOR

ODOR

SEDIMENT

FIELD TREATMENT
PRESERVATION
PURBING/SAMPLING PLAN
AND PROCEDURES
FOLLOWED?'

NOTE:.

Volume calculation: 2 - 0:163 gal/ft, 3" —0.367 gal/ft, 4" - 0.653 gal/ft {[(TD-DTW) x galfft]:x 3} + 3.5 gal ='volume to-evac.
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8825 E 38th Street SHERRYLaboratories

Tulsa OK 74145 Testing Today — Protecting Tomormow ® Fax: (918)828-7756
(918)828-9977 (800)324-5757
Irfan Taner August 13, 2003

A & M Engineering Order No.: T03080064
10010 E. 16th St. :

Tulsa, OK 74128-4813

TEL: (918)665-6574

FAX ( )665-6576

RE: Cherryvale

Dear Irfan Taner:

Sherry Laboratories received 6 samples on 8/7/2003 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,

Tom Gilroy

Approved By:

Brian Duzaf, Director
Environméntal Services
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SHERRYLaboratories

Testing Today — Protecting Tomorrow ™

QA/QC REPORT
A & M Engineering
"SAMPLE # T03080064
BATCH QC
_ G e . MS. .| MSDb

PARAMETERS - .| LFB'| %REC. | %REC. | RPD
Arsenic 101 98 98 0.01
Cadmium 105 103 104 0.8
Chromium 104 103 104 1.2
Lead 102 104 105 0.4
Silver 102 101 102 1.0 -
Mercury 110 100 102 1.5

Approved by:

SHERRY LABORATORIES/OKLAHOMA

Brian Duzan
Laboratory Director
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SHERRYLaboratories
6825 E 38th Street Testing Today - Protecting Tomorrow ®
Tulsa OK 74145 Fax: (918)828-7756
(918)828-9977 (800)324-5757
CLIENT: A & M Engineering
Lab Order: T03080064 Date Received: 8/7/2003
Project: Cherryvale Date Reported: /3-Aug-03

Lab ID: T03080064-01  Collection Date: 8/6/2003 3:31:00 PM  Sample ID: MW #5
Matrix: AQUEOUS

Detection Date

Analyses Result Limit Units  Analyzed Analyst

MERCURY IN WATER, TOTAL E245.2 KR
Mercury < 0.000100 0.000100 mg/L 8/7/12003

METALS IN WATER BY ICP, TOTAL £200.7 KR
Arsenic < 0.00500 0.00500 mg/L 8/8/2003 11:27:52
Cadmium < 0.00100 0.00100 mg/L 8/8/2003 11:27:52
Chromium < 0.0100 0.0100 mg/L 8/8/2003 11:27:52
Lead < 0.00500 0.00500 mg/L 8/8/2003 11:27:52
Silver < 0.00200 0.00200 mg/L 8/8/2003 11:27:52

Lab ID: T03080064-02  Collection Date: 8/6/2003 3:47:00 PM  Sample ID: MW #8
Matrix: AQUEOUS

Detection Date

Analyses Result Limit Units Analyzed Analyst

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 12:01:55
Cadmium <0.00100 0.00100 mg/L 8/8/2003 12:01:55
Chromium < 0.0100 0.0100 mg/L 8/8/2003 12:01:55
Lead < 0.00500 0.00500 mg/L 8/8/2003 12:01:55
Silver < (100200 0.00200 mg/L 8/8/2003 12:01:55

Lab ID: T03080064-03 Collection Date: 8/6/2003 3:57:00 PM  Sample ID: MW #7
Matrix: AQUEOUS

Detection Date

Analyses Result Limit Units  Analyzed Analyst

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 0.0050C mg/L 8/8/2003 12:06:50
Cadmium < 0.00100 0.00100 mg/L 8/8/2003 12:06:50
Chromium < 0.0100 0.0100 mg/L 8/8/2003 12:06:50
Lead < 0.00500 0.00500 mg/L 8/8/2003 12:06:50
Silver < 0.00200 0.00200 mg/L

8/8/2003 12:06:50

Page I of 2

This document shall not be reproduced, except in full, without the written approval of Sherry Laboratories, Inc.
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SHERRYLaboratories
6825 E 38th Street ' Testing Today — Protecting Tomorrow ®
Tulsa OK 74145 Fax: (918)828-7756
(918)828-9977 (800)324-5757
CLIENT: A & M Engineering
Lab Order: T03080064 Date Received: 8/7/2003
Project: Cherryvale Date Reported: /3-Aug-03

Lab ID: T03080064-04  Collection Date: 8/6/2003 4:05:00 PM  Sample ID: MW #6
Matrix: AQUEOUS

Detection Date
Analvses Result Limit Units  Analyzed  Analyst
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 Analyzed Analyst
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 12:16:43
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 8/8/2003 12:16:43
Lab ID: T03080064-06 Collection Date: 8/6/2003 Sample ID: Equip. Blank
Matrix: AQUEOUS
Detection Date
Analyses Resuit Limit Units  Analyzed  Analyst
MERCURY IN WATER, TOTAL E245.2 KR
Mercury < 0.000100 0.000100 mg/L 8/7/12003
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 of 2

This document shall not be reproduced, except in full, without the written approval of Sherry Laboratories, Inc.



JOPZ Y

A&M Ehi(&}g*lEEFIING
ENVIRONMENTAL SERVICES, INC.

A\

TULBA, OKLAHOMA,
ENVIRONMENT AL

10010 E. 16th Streeat

TEL: {918)665-6575

CONBTRUCTION

TULSA, OKLAHOMA 741284813

FAX: (918)665-6576

E-Moll: condm@aondmangineering.com

SAMPLING FiIRW

A & M ENGINEERING

PHONE NUMBER
(918) 8858578

CLIENT CONTACT

2o fos Janet, |

PROECT NUMBER

/504007 - 203

PROICT HAME

SAMPLERS: (Signature)

i

i 2>

A.NALYIICAL TESTS REQUIRED

3d4-<3

Foup Blansc 4

3
?(

stawo | oare | mue  [Gue|oms|  stanow tocanow | wamx | N0 O T AU f-‘r‘
$-h-o3 |15:3) Hw it 5 é.‘? ( I K] AL xd K
§4o03 | 1397 Mo ¢ 8 Lo | | A XYY
§bo3 15057 AN 7 lig | ! N NN X[ %M
$-4o3 | Mo M #4 Lo | ) X x| XX v 2.5%¢
§be3 DQPI.‘ea{c d-L;P / X A A X
/ X XA X

RELUNGQUISHED BY: (8ignature) DATE NNE  |RECE\WVED BY: {Bignature) RELINQUISHED BY; (Signaturse) DATE NME  [RECEWVED BY: (3ignsture)

RELINQUISHED BY: (Blgnature) DATE HME  [RECEIVED BY: (Signaturs) REUN £D BY: (Signaturs} DATE )
a .J 8?7 'Dj 0(? J'F

[RELUNQUISHED BY: (Bignaturs) DATE TME  [RECEIVED BY: (Bignature) REWARKS:

T -
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6825 E 38th Street SHERRYLaboratories

Tulsa OK 74145 Testing Today - Protecting Tomorrow ® Fax: (918)828-7756
(918)828-9977 (800)324-5757
Altay Ertugrul September 29, 2003

A & M Engineering Order No.: T03090311

10010 E. 16th St.

Tulsa, OK 74128-4813
TEL: (918) 665-6574
FAX () 665-6576

RE: Cherryvale
Dear Altay Ertugrul:

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,

Approved By: 4&4&0 &]LM/\

Brian Duzan, Director
Environmental Services
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SHERRYLaboratories
6825 E 38th Street Testing Today - Protecting Tomorrow ®
Tulsa OK 74145 Fax: (918)828-7756
(918)828-9977 {800)324-5757
CLIENT: A & M Engineering
Lab Order: T03090311 Date Received: 9/24/2003
Project: Cherryvale Date Reported: 29-Sep-03

Lab ID: T03090311-01  Collection Date: 9/23/2003 4:00:00 PM  Sample ID: MW §
Matrix: AQUEOUS

Detection Date

Analyses Result Limit Units  Analyzed Analyst

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 1:59:31
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 1:59:31
Chromium <0.0100 0.0100 mg/L 9/26/2003 1:59:31
Lead < 0.00500 0.00500 mg/L 9/26/2003 1:59:31
Silver < 0.00200 0.00200 mg/L 9/26/2003 1:59:31

Lab ID: T03090311-02  Collection Date: 9/23/2003 4:30:00 PM  Sample ID: MW 6
Matrix: AQUEOUS

Detection Date

Analvses Result Limit Units  Analyzed Analyst

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 2:09:16
Arsenic < 0.00500 0.00500 mg/L 9/26/2003 11:24:0
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 2:09:16
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 11:24:0
Chromium <0.0100 0.0100 mg/L 9/26/2003 2:09:16
Chromium <0.0100 0.0100 mg/L 9/26/2603 11:24:0
Lead < 0.00500 0.00500 mg/L 9/26/2003 2:09:16
Lead < 0.00500 0.00500 mg/L 9/26/2003 11:24:0
Silver < 0.00200 0.00200 mg/L 9/26/2003 2:09:16
Silver < 0.00200 0.00200 mg/L 9/26/2003 11:24:0

Page 1 of 3

This document shall not be reproduced, except in full, without the written approval of Sherry Laboratories, Inc.
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SHERRYLaboratories

6825 E 38th Street Testing Today - Protecting Tomorrow ®

Tulsa OK 74145
(918)828-9977

Fax: (918)828-7756
(800)324-5757

CLIENT: A & M Engineering
Lab Order: T03090311 Date Received: 9/24/2003
Project: Cherryvale Date Reported: 29-Sep-03

Lab ID: T03090311-03
Matrix: AQUEOUS

Collection Date: 9/23/2003 4:40:00 PM  Sample ID: MW 7

Detection Date

Analyses Result Limit Units  Analvzed  Analyst

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 2:18:55
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 2:18:55
Chromium < 0.0100 0.0100 mg/L 9/26/2003 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
Matrix: AQUEOUS

Collection Date: 9/23/2003 4:50:00 PM  Sample ID: MW 8

Detection Date

Analvses Result Limit Units Analyzed Analyst

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 2:48:09
Cadmium < 0.00100 0.00100 mg/L 9/26/2003 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 < 0.002C0 0.00200 mg/L 9/26/2003 2:48:09

Lab ID: T03090311-05  Collection Date: 9/23/2003 Sample ID: Duplicate

Matrix: AQUEOUS

Detection Date

Analyses Result Limit Units Analyzed 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 2 of 3
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6825 E'38th Street

A

SHERRYLaboratories

Tulsa OK 74145
(918)828-9977

CLIENT: A & M Engineering
Lab Order: T03090311
Project: Cherryvale

Testing Today - Protecting Tomorrow ®-

Fax:(918)828-7756
-(800)324-5757

Date Receéived: 9/24/2003
Date Reported: 29-Sep-03

Lab'ID: T03090311-06  Colléction Date: 9/23/2003
Matrix: AQUEOUS

Sample ID: Equipment Blank

Detection
Analvses Result Limit Units
MERCURY IN WATER, TOTAL E245.2
Mercury <0.000100 0000100 'mg/L
METALS INWATER 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 'mgiL
Silver <.0.00200 0.00200 mg/L
Page3of 3

Date

Analyzed Analyst

9/24/2003

9/26/2003 2:59:14
9/26/2003 2:59:14
9/26/2003 2:59:14
9/26/2003 2:59:14
9/26/2003 2:59:14

This.document shall not be reproduced, except in-full, without.the written approval of Sherry Laboratories, In¢.

KR

KR



Sherry Laboratories Date: 29-Sep-03
CLIENT: A & M Engineering QC SUMMARY REPORT
Work Order: T03090311
Project: Cherryvale
TestCode Analyte BatchlD QCType Result PQL  Units %Rec %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 0.000837 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 971 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 les 1.995 0.001 mg/L 99.7

Chromium R15904 les 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 SHERRYLaboratories Fax: (918)826.7756
(918)828-9977 Testing Today - Protecting Tomorrow ® (800)324-5757
Altay Ertugrul October 29, 2003

A & M Engineering Order No.: T03100263

10010 E. 16th St.
Tulsa, OK 74128-4813
TEL: (918) 665-6574
FAX ( )665-6576

RE: Cherryvale
Dear Altay Ertugrul:

Sherry Laboratories received 5 samples on 10/21/2003 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. 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 parameters is available upon request. If you have any questions
regarding these tests results, please feel free to call.

Sincerely,

Approved By:

an Duzan, Director
Environmental Services



6825 E 38th Street

Tulsa OK 74145

(918)828-9977

CLIENT: A & M Engineering
Lab Order: T03100263
Project: Cherryvale

@

SHERRYLaboratories

Testing Today - Protecting Tomorrow *

Fax: (918)828-7756
(800)324-5757

Date Received: 10/21/2003
Date Reported: 29-Oct-03

Lab ID: T03100263-01
Matrix: AQUEOUS

Analyses Result
MERCURY IN WATER, TOTAL
Mercury < 0.000100
METALS IN WATER BY ICP, TOTAL
Arsenic < 0.00500
Cadmium < 0.00100
Chromium <0.0100
Lead < 0.00500
Silver < 0.00200

Collection Date: 10/20/2003 3:45:00 P

Sample ID: MW #5

Detection Date
Limit Units Analvzed Analyst
E245.2 KR
0.000100 mg/L 10/21/2003
E200.7 KR
0.00500 mg/L 10/23/2003 3:55:5
0.00100 mg/L 10/23/2003 3:55:5
0.0100 mg/L 10/23/2003 3:55:5
0.00500 mg/L 10/23/2003 3:55:5
0.00200 mg/L 10/23/2003 3:55:5

Lab ID: T03100263-02
Matrix: AQUEOUS

Collection Date: 10/20/2003 4:15:00 P

Sample ID: MW #6

Detection Date

Analvses Result Limit Units  Analvzed Analvst

MERCURY IN WATER, TOTAL E245.2 KR
Mercury < 0.000100 0.000100 mg/L 10/21/2003

METALS IN WATERBY ICP, TOTAL E200.7 KR
Arsenic < 0.00500 0.00500 mg/L 10/23/2003 4:00:4
Cadmium <0.00100 0.00100 mg/L 10/23/2003 4:00:4
Chromium <0.0100 0.0100 mg/L 10/23/2003 4:00:4
Lead < 0.00500 0.00500 mg/L 10/23/2003 4:.00:4
Silver < 0.00200 0.00200 mg/L 10/23/2003 4:00:4

Lab ID: T03100263-03  Collection Date: 10/20/2003 4:05:00 P  Sample ID: MW #7

Matrix: AQUEOUS

Detection Date

Analyses Result Limit Units  Analvzed Analyst

MERCURY IN WATER, TOTAL E245.2 KR
Mercury < 0.000100 0.000100 mg/L 10/21/2003

METALS IN WATER BY ICP, TOTAL E200.7 - KR
Arsenic < 0.00500 0.00500 mg/L 10/23/2003 4.05:4
Cadmium < 0.00100 0.00100 mg/L 10/23/2003 4:05:4
Chromium < 0.0100 0.0100 mg/L 10/23/2003 4:05:4
Lead < (0.00500 0.00500 mg/L 10/23/2003 4:05:4
Silver < 0.00200 0.00200 mg/L 10/23/2003 4:05:4

Page 1 of 2
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6825 E 38th Street

Tulsa OK 74145

(918)828-9977

CLIENT: A & M Engineering
Lab Order: T03100263
Project: Cherryvale

SHERRYLaboratories

Testing Today - Protecting Tomorrow ©

Fax: (918)828-7756
(800)324-5757

Date Received: 10/21/2003
Date Reported: 29-Oct-03

Lab ID: T03100263-04
Matrix: AQUEOUS

Analyses ' Result
MERCURY IN WATER, TOTAL E245.2
Mercury < 0.000100
METALS IN WATER BY ICP, TOTAL E200.7
Arsenic < 0.00500
Cadmium < 0.00100
Chromium <0.0100
Lead < 0.00500
Silver < 0.00200

Collection Date: 10/20/2003 3:55:00 P

Sample ID: MW #8

Detection Date
Limit Units Analyzed Analyst
KR
0.000100 mg/L 10/21/2003
KR
0.00500 mg/L 10/23/2003 4:10:4
0.00100 mg/L 10/23/2003 4:10:4
0.0100 mg/L 10/23/2003 4:10:4
0.00500 mg/L 10/23/2003 4:10:4
0.00200 mg/L 10/23/2003 4:10:4

Lab ID: T03100263-05
Matrix: AQUEOUS

Collection Date: 10/20/2003

Sample ID: Duplicate

Detection Date

Analyses Result Limit Units  Analyzed Analvst

MERCURY IN WATER, TOTAL E245.2 KR
Mercury < 0.000100 0.000100 mg/L 10/21/2003

METALS IN WATER BY ICP, TOTAL E200.7 KR
Arsenic < 0.00500 0.00500 mg/L 10/23/2003 4:14:4
Cadmium < 0.00100 0.00100 mg/L 10/23/2003 4:14:4
Chromium <0.0100 0.0100 mg/L 10/23/2003 4:14:4
Lead < 0.00500 0.00500 mg/L 10/23/2003 4:14:4
Silver < 0.00200 0.00200 mg/L 10/23/2003 4:14:4

Page 2 of 2

This document shall not be reproduced, except in full, witheut the written approval of Sherry Laboratories, Inc.



Sherry Laboratories

Date: 29-Oct-03

CLIENT: A & M Engineering QC SUMMARY REPORT
Work Order: T03100263
Project: Cherryvale
TestCode 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 mg/L

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

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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