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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. 
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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 comer 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 
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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: 
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The 1978 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 (BT A) at the Site. These included file review of all available data, Site 

topographic survey, Site geophysical surveys, soil sampling using X-ray fluorescence 

(XRF) unit for surface and subsurface samples, surface water and sediment sampling, test 

boring for waste characterization, test boring for groundwater characterization, 

groundwater sampling and data integration evaluation and reporting. 

The 1999-2000 Site investigation report reached the following conclusions and 

recommendations: 
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l. SurfiCial soils at the Site's .southeast, south,and central portions are impacted 

mainly with lead and cadmium and to a lesser extent, with arsenic, above non~ 

r:esidential Kansas RSK (NRRSK) levels. 

2. Sur(::tc;e water _and sediments in_the on:-Site stream .and ditches are impacted, 

mainly with cadmium .. 

3.. The previously clos(!d lagoon area contained some treaJed wa~te. 

4. Groundwater samples from the monitor wells located in the former lagoon area 

::tnd on the west embanl9nent had elevated cad111it1m levels. 

5. 1'hese :reports eXpressed concern about the .groundwater-surface· water .interface at 

the;! west edge of the. former lagoon area. 

6.. These studies concluded that off-Site groundwater was not impacted. 

7. The reports _recoliunended further investigations ofoff-Site are(lS for soil, surt:ace 

water .and :groundwater. 

.FIELD ACTIVITIES 

The Work P-lan specified thefollowing tasks: 

'1, l)rillingand corrtpletiortoffour mohitor-·wells ihthe uppeililostaquifer; one 

upgtadient in· the' hortheastquadrant·of·the Site. for background purposes, and 

three .downgradient wells. to the west of the Site on adjacent properties. 

2. Develop and.sample the new fourwells for_thr~e consecutive months f()J 

groundwater quality and measure water levels in.all wells during these sampling 

events~ 

3. Acidress the. potential fot gtoli.hdwater-stifface water interface. 
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4. Evaluate all 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 5
\ 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 '14'' diameter air 

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

Four monitor wells were completed, one upgradient (MW-5) in the northeast part of the 

Site and three downgradient wells (MW -6, MW -7, MW -8) west of the Site on the 

adjacent properties. Appendix 2 includes the lithologic and completion logs for the 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 
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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 of2.25 x 10"5 em/sec 

in MW-5 and 1.21 x 10·5 em/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 10·5, 4.6 x 10"8
, 2.1 x 1 o·\ and 

5.3 x 10"8 em/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. 
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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 ofthe 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-1. 
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Fill clay generally grayish brown to dark brown with varying thickness is encountered in 

MW-1, MW-2, MW-3, MW-4, BH-5, and BH-6. 

Bedrock: 

The 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 I to 4 feet thick limestone at the base. The thickness of Dennis 

Limestone ranges from 1 0 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 
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encapsulated in the former lagoon area. (Cross-section E, Figure 9 and Cross-section D, 

Figure 8 respectively) 

SITE HYDROGEOLOGY 

The Site is located in the Osage Plains physiographic province which is characterized by 

rolling, steep-sided hills that are dissected by intermittent streams with 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 ofthe 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.encotintered in all the monitor wells. Some of,the wellswere,completed 

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

Groundwater levels in 'the m:onitorwells were measured IlJQnthly beginning August 2003 

and are shown on Table 2. ihe groundw(lter. levels in the monitor wells .fluctuated 1' to 7 

.feet in the last four monthly measurements and. these water level flu.ctuations are 

.expeded to be gteater in the spring season. 

Groundwater Flow: 

Groundwater Potentiometric, Maps are co·nstruct~d \lSing the monthly water levels 

(August, .September, October.and November 2003}. figures TO~ 11, 12, and 13 show the 

potehtiorrtefric maps. 

Grourtdwatet'flows from easno west. The contours show the intermittent stream ~~ffect 

on Site. Also the contours show a. mounding ;atthe· location ofthe former lagoon in the 

vidnity.ofTW-3 and l'W-4. 

The Au~ust 2003 data plotted on Figure 10 show .the ·intermittent stre·am was a gaining 

stream during low water levels. However, as some precipitation occurred during 

September and October 2003·, the stream became a losin·g.streain (see Figures 11 and 12). 

The p.otentiometric. maps also show the effect ofthe western dike ·of the former lagoon. 

The gtoilildwater ·cohtouts gradient increases at the location of the: dike due to hydraulic 
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conductivity changes. The dike: was constructed over the native :soil with compacted 

clay. The sampling and testing .during 197S: showed the hydraulic conductivity difference 

betwee11 tbe: native material with 8 x w-s ·c:rnlsec conductivity and the compacted clay 

material with a 5 X 1 o-s em/sec conductivity. Thus during heavy precipitation events the 

groundwater' builds lip east of the dike and rises- to the .surface (See figure 5 Cross.,. 

sectipn A-A'). 

Gr.oundwater'V elocity: 

The grouil.dwater velocicycan be· calculated Using the following fonnula: 

where 

Kxi 
V=-

v = groundwater velocity 
K ;:=hydraulic conductivity 
j = hydrat1lic gradi~Il.t 
n =porosity 

n 

Groundwater.in the uppermost aquifer flows from east .to west.. Using groundwater 

measurements from October 2003', the groundwater f}()w gradie_nt was calculated between 

MW-5 .anci TW-3 a.nd it is 0.0038 ftlft. 

For rate c~lcuja_tion, the hydraulic• condUctivity value is 2.252· X I o-5 em/sec. The 

effective porosity is. estimated to be: 0.2 (20 percent). The groundwater velocity between 

the two wells is: 

12 
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Kxi 2.252xl0-
5 
x0.0038 4 78 o-7 

v =- = = . xi em/sec 
n 0.2 

or 0.04 em/day 

The groundwater flow gradient was also calculated between TW-3 (at 803.45' MSL) and 

MW-8 (at 793.74' MSL) to be 0.011 ftlft. 

For velocity calculation, the hydraulic conductivity value for MW-8 was used and is 

1.212x I o-s em/sec. The effective porosity is estimated to be 0.2 (20 percent). The 

groundwater velocity between these two wells is: 

Kxi 1.212xl0-5x0.011 
666 10

_7 1 v = - = = . x em sec 
n 0.2 

or 0.057 em/day 

GROUNDWATER QUALITY I SUPPLY 

In Montgomery County groundwater is present in unconsolidated sediments and 

Pennsylvanian bedrock formations (weathered and/or fractured shale limestone, 

sandstone). The groundwater in these units of the county is limited in yield and poor in 

quality. The well water in the Cherryvale area is reportedly marginal due to sulfates and 

excessive hardness. Also, oil field intrusion of brines from oil production dating back to 

the early 1900's has impacted shallow groundwater quality regionally in this portion of 

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

. to ptlvate 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 ofthe 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 ofthe 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, 
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September, and October 2003). The analytical reports are included in Appendix 5 and 

the data is tabulated on Table 3. 

The groundwater samples of the downgradient wells did not detect any of the metals of 

concern above laboratory detection levels. The pH of upgradient groundwater samples is 

comparable to the downgradient groundwater samples, all in the range of 6.5 to 7.8 S. U. 

The specific conductance shows difference 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 SURF ACE WATER INTERACTIONS 

The two intermittent streams and Unnamed Creek drain the surface water at the Site. The 

streams receive water from groundwater during low precipitation, however during higher 

precipitation the streams lose water to the 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 
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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 mo-st 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 ofTW-3. This observation 

indicates that the swampy area on top of the closed lagoon is primarily caused by the high 

groundwater fluctuations. Additionally, the surface berm on top of the dike along the 

western edge restricts surface 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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1. The uppermost groundwater aquifer at the site .is the unconsolidated sediment I 

fractured limestone and .shale of the Dennis F ormatio11 at a depth of5 to 20 feet. 

2. The Site .groundwatedlows. westward . 

3. ~he groundwater fluctuates .as much .as .6,.. 7 feet at the .Site. 

4. The .swampy area on top of the. closed lagoon is caus~d by tbe·condition of poor 

surfa<;e cirain~ge and _groundwater ,fluctuation. This is ·caused by the compacted 

dike along the western edge of the Site which 'imp·edes groundwater fl()w, at1d th~ 

surface bertn on tOp oftfie dike along the western edge that contributes to this 

.conditfon by preventing surface water runoff. 

5 .. Groundwater quality is impacted by metals (cadmium:, lead, and chromium) inside 

the dosed lag()on area, but the metal impact is· not detected,downgradient of the 

Site. This confirms KDHE's previous conclusion, and undoubtedly is related to 

the presence of fimestone across the: site . 

6. Groundwater quality and yield is limited irt this entire area and there is no water 

supply source impacted by the Site past or present activities. 
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RECOMMENDATIONS 

The following recommendations are made considering groundwater quality. and the 

c()nditions obseryeg <)rt the .Site: 

i. B<tsed on the kDHE data·from:th~ Fol1ller National Zinc Site BTA (February, 

2000), the groundwater ·in the previously closed lagoon area is contaminated 

with metals ofconcem (cadmium, lead, and chromium). Therefore, the clay 

cap elevation in. the vicinity ofTW,.j and MW·J should be·raised to prevent 

groundwater .and' surface water interaction. The entire su.rf(lce of the 

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

feet {the thickness .of the proposed cap) ih order to prevent interfacing 

between ihe groundwater anci.sl1fface water, 

2. Provide good storm water run-off.sys~ems aw_und and over the Closed lagoon 

site to provide gqod. drainage and control erosion. 

:J. No additional sampling of monitor weJis for qualicy is required. 

4. Continue monthly water level measurements to obtain.more data to l}tilize in 

the design phase: 

5.. No other corrective measures foLgroundwater are.recommepded. 
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Well No. 

MW-1 
MW-25 
MW-2D 
MW-3 
MW-4 
MW-5 
MW-6 
MW-7 
MW-8 
TW-1 
TW-2 
TW-3 
TW-4 
TW-5 
TW-9 

Date of 
Completion 

1978 
1978 
1978 
1978 
1978 

7/22103 
7/22103 
7/22103 
7/22103 
8/16/99 
8/16/99 
8/17/99 
8/17/99 
8/17/99 
8/19/99 

Table 1 

MONITORING WELL INFORMATION 

Screen Interval 
Ground T.O.C. Total (From Ground 

Elevation Elevation Depth level) Casing Stick Up 

802.85' 805.52' *12.2' 9-17' ** 0-9' 2.67' 
803.10' 806.20' *4.56 7-12' ** 0-7' 3.10' 
803.16' 806.08' *11.0 16-19' ** 0-16' 2.92' 
802.22' 805.15' *8.7' 8-14.0' ** 0-8' 2.93' 
803.02' 804.47' *8.6' 8.5-16' ** 0-8.5 1.45' 
813.06' 815.85' 16.50' 6.5-16.5' 0-6.5' 2.79' 
798.43' 802.15' 30.00' 10-30' 0-10' 3.72' 
796.09' 799.81' 22.50' 7.5-22.5' 0-7.5' 3.72' 
793.90' 797.07' 22.50' 7.5-22.5' 0-7.5' 3.17' 
806.76' 810.08' 14.00' 9-14' 0-9' 3.32' 
805.82' 809.48' 11.10' 6.1-11.1' 0-6.1 3.66' 
805.24' 808.80' 10.20' 5.2-10.2' 0-5.2' 3.56' 
805.75' 808.96' 7.50' 2.5-7.5' 0-2.5' 3.21' 
813.24' 815.36' 13.00' 8.0-13' 0-8.0' 2.12' 
818.03' 821.67' 9.00' 4-9' 0-4' 3.64' 

I *Total Depth measured in the field on October 20, 2003, completion logs (1978) showed deeper wells. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

**Total Depth from the log records. 
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Well TOC El. 
No. MSL Ft. 

MW-1 805.52 

MW-2D 806.08 

MW-2S 806.20 

MW-3 805.15 

MW-4 804.47 

MW-5 815.845 

MW-6 802.150 

MW-7 799.805 

MW-8 797.07 

TH-1 810.08 

TH-2 809.48 

TH-3 808.80 

TH-9 821.67 

Table 2 

MONITOR WELLS WATER LEVEL MEASUREMENTS 
National Zinc Site 

Cherryvale, Kansas 

August, 2003 September, 2003 October, 2003 

Water Groundwater Water Groundwater Water Groundwater 
Depth Elevation Depth Elevation Depth Elevation 

Ft. MSL Ft. Ft. MSL Ft. Ft. MSL Ft. 

8.65 796.87 6.0 799.52 5.65 799.87 

DRY NA 10.6 795.48 10.4 795.68 

DRY NA DRY NA DRY NA 

8.5 796.65 7.55 797.6 3.38 801.77 

DRY NA 5.8 798.67 4.6 799.87 

9.11 806.735 7 808.845 5 810.845 

11.64 790.51 11.2 790.95 11.0 I 791.14 

11.33 788.475 7.1 792.705 6.52 793.285 

10.33 786.74 3.3 793.77 3.33 793.74 

11.66 798.42 9.75 800.33 7.87 802.21 

8.36 801.12 7.68 801.8 6.38 803.1 

6.25 802.55 5.8 803.00 5.35 803.45 

DRY NA 8.85 812.82 6.91 814.76 

November, 2003 

Water Groundwater 
Depth Elevation 

Ft. MSL Ft. 

4.14 801.38 

10.73 795.35 

DRY NA 

3.23 801.92 

4.41 800.06 

3.82 812.025 

10.92 791.23 

8.82 790.985 

3.75 793.32 

7.62 802.46 

6.55 802.93 

5.25 803.55 

8.09 813.58 
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Table 3 

ANALYTICAL RESULTS OF GROUND WATER SAMPLES 
National Zinc Site 

Cherryvale, Kansas 

PARAMETERS MW-5 MW-6 MW-7 MW-8 
August, 2003 

PH (Field) 7.23 7.24 7.28 6.51 
Specific 
Conductance. (Field) 640 2550 2300 2175 
Mercury (mg/L) <0.000100 <0.000100 <0.000100 <0.000100 
Arsenic (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Cadmium (mg/L) <0.00100 <0.00100 <0.00100 <0.00100 
Chromium (mg/L) <0.0100 <0.0100 <0.0100 <0.0100 
Lead (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Silver (mg/L) <0.00200 <0.00200 <0.00200 <0.00200 

September, 2003 

PH (Field) 7.39 7.73 7.65 7.65 
Specific 
Conductance. (Field) 960 2800 3215 4695 
Mercury (mg/L) <0.000100 <0.000100 <0.000100 <0.000100 
Arsenic (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Cadmium (mg/L) <0.00100 <0.00100 <0.00100 <0.00100 
Chromium (mg/L) <0.0100 <0.0100 <0.0100 <0.0100 
Lead (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Silver (mg/L) <0.00200 <0.00200 <0.00200 <0.00200 

October, 2003 
PH (Field) 7.24 7.48 7.54 7.50 
Specific 
Conductance. (Field) 1085 4560 3330 2855 
Mercury (mg/L) <0.000100 <0.000100 <0.000100 <0.000100 
Arsenic (mg/L) <0.00500 <0.00500 <0.00500 <0.00500 
Cadmium (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 
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WELL NO. 

MW-1 
MW-25 
MW-20 
MW-3 
MW-4 
MW-5 
MW-6 
MW-7 
MW-8 
TW-1 
TW-2 
TW-3 
TW-9 

Sed-U 

l.aZND 

- Dlsc:retls ~ IA:atacln t--+ - Ccu4'Qiide 9iqtle lntawl 
---ar..ee.-.e~~ 

Cl) - Iron Stille l"ound 
• - Nlll9et 
• •lah9et 
• I"OMI' ... 

.....,....,.._ T,_Lns 

==== w.ter 
R.bald 
Owsrf1ad aec:tnc 
IJndertr'Gund Nan~ Ge 

NORTH 

5557.910 
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5645.060 
6303.500 
6632.240 
6936.610 
6292.165 
6048.590 
5607.380 

6999.255 
6613.290 
6109.495 
5796.890 

EAST ELEVATION 

5300.980 805.52 roc 
5061.900 606.20 roc 
5061.730 606.06 roc 
5112.760 605.15. TOC 
5047.105 804.47 roc 
7255.465 815.85 TOC 
4663.455 802.15 roc 
4725.550 799.81 roc 
4755.365 797.07 roc 

5703.745 610.08 roc 
5597.550 809.48 roc 
5496.980 808.80 roc 
7306.985 821.67 TOC 

a.,----

LOT-12 

,__ ... __ 
------------&.ft-____ ,. 
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Mw-4 6832.240 • -6647~{)5·' A80+.47 TOC 
Mw-5 6936.610 7255.465 815.85 TOC 
MW-6 6292.165 4663.455 80215 TOC 
Mw-7 6048.590 4725.550 799.81 TOC 
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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 theN 1/2, Sec. 8, T32S, Rl7E. 

The lagoon embankment, which has a maximum height of about 15 

feet, presently ponds approximately 20+ surface acres of water. This 

embankment was originally constructed in the late 1940's to entrap and 

pond contaminated surface runoff from the zinc plant property. The 

impoundment was designed to be an evaporating lagoon; however, to 

satisfactorily perform this function the embankment was subsequently 

modified several times by both increasing the height and constructing a 

new dike to enlarge the storage area. We were infonned 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 
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of Drum Creek which is in turn a tributary of the Verdigris River. The 

up~er bedrock in this area is composed of limestones and shales of the 

Dennis Limestone formation of u~per Pennsylvanian geologic age. In 

Borings 1 through 6 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 soils which occur above the Winterset lime

stone. A thin topsoil zone was encountered below the fill in most borings 

and the entire embankment is capped with approximately one foot of cinder 

and brick used as a road bed. At the test hole locations the natural mantle 

soils, including topsoil zone, vary in thickness from 3 to 10 feet above 

bedrock. Geologic and Surface Profiles at the locations of Borings 1 through 

4 are shown on the enclosed Figure Numbers 11 through 14 respectively. 
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T!'le_boring locations are shown on the enclosed Figure No. 1. The 

boring logs (Figures 2 through 1 0) 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 wells were constructed by a licensed well driller at the 

location of Borings 1 through 4. The well driller was instructed to place one 

well point using PVC plastic pipe, through the embankment soils and into 

the underlying bedrock at each of these locations. In addition, near the 

location of Boring 2, _one observation well was to be placed in the embank-

ment fill above natural soils approximately 12 feet below grade. It is our 

understanding that the purpose of these observation wells is for National 

Zinc Company and/or the Kansas State Department of Health and Environment 

to monitor the seepage water level and quality. 

Submitted By: 'WICHITA TESTING LABORATORIES 

s~L,J-
Richard L. Luke 
Engineering Geologist 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials EnQineers 
Wocholo K ~nsQS 

Barinq Method· 6-ln. conllnuau1 fiiQhl auqtr Srandard Penelrarian Test Borinq No. 1 

Undisturbed Soil Sampler: 3-in.o.d. lhln-wallod rube 140-lb.Hammerl 30-in. FQIIJ2-in.o.d. Split-barrel Sampler Sheer 1 of l 

w•Moislure Content, %1 O•Ory Oensiry, pet Penetration Reslarance: N•Bia"'s per faof Oote:4-11-78 

Elevarian 

-91.7 

90.7 

86.2 

85.2 

84.2 

82.7 

79.2 

76.2 

75.2 

73.7 

71.7 

0 

1 

Oe pfh 

-
-
-

Group 
Symbol 

_CH 
--
----
-

-----= -
5. 5 : 

~ 
-

Description of Materials 

Fill: cinders, brick, tile, etc.; loose. 

Fill: silty clay; dark yellowish brown 
mottled with very dark brown and 
grayish brown; wet; med. plasticity; 
stiff. 

As above but saturated in seams. 
6 · 5 =:J.C-H-+-S-il_ty_C--:-la_y_:_v_e_ry---:d:-a-rk:--g-ra_y_a_n_d~d:-a-rk--1 

-
7

. 
5 

:...1----f grayish brown; wet to saturated in 

Sample a10.,1 
No. 

-

1 

~ 

Remarks 

~ N=l3 
~ 

1-

-

W=23. 6 
0=101.5 

~ CL_ \seams; high plasticity; medium. stiff to 
: V \stiff. (possible fill) 1---t-

Water Level@ 8. 0' 
(Elev. 8 3. 7) After 
24 Hours 

9 : s·Uty Clay: very dark g~ay; -~inor 

:cH -----
-= -
----

12-5 : 
---------

-= -

\organics; saturated; med.. plasticity; 
1 \medium stiff. (old topsoil zone) 

Silty Clay: dark yellowish brown; 
saturated; high plasticity; medium 
stiff. 

As above but some limestone gravel. 

15.5 =~Tr~~--------~~------d~--~--~d~---1 
- Limestone: broken an weathere . -

~ --: . 

Limestone: light gray and hard. 
(possible Winterset Limestone) 

16.5 =~ 

18 -·-·--11---------------------------------- I Shale: dark gray to gray; hard. 
-' (possible Stark Shale) 

-
: 1 -coat·sec:lm · 

I I ~0 

2 

3 

-
_2._ 

__2.._ N=7 
_ _2_ 

r-

W=27 .1 
D=94. 5 

W=33. 4 
0=87.6 
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PROJECT 
WICHITA TESTING LABORATORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Chenyvale, Kansas 

Materials Engineers 
Woclloto K Qnsas 

BorinQ Method: 6-ln_ conlinuou• fll;ht au;•r Standard Penelralian Test Berino No. 2 
undisturbed Soil Sampler: 3-in.o.d. lhln-wolled lube 140-lb.Hammerl 30-in.Fall jz-in.o.d. Split-barrel Sampler Sh eel 1 o 1 2 

w•Mooslure Canlenl, ~. D• Dry Density, pel Penetration Resistance: N•Biows per fool Dole: 4-11-78 
Ele•ation 

I- 92. 1 

91.1 

89.1 

84.1 

78.6 

77.1 

75.6 

7 3. l 

D a plh Group 
Symbol 

Description of Materials Sam pie Blows 
No. 

Remarks 
0 

-- Fill: cinders, brick, tile, etc.; loose. 
--

1 ~~--+---------------------------------------~ 
: CH Fill: silty clay; very dark grayish 

_: & brown, dark yellowish brown and 
- CL reddish brown; wet; medium .3nd high 

;3 _ plasticity; stiff. 

-- As above but saturated in seams. 
------
--

_: 

4 
-

u_ 
~N=9 
~ 

W=25.5 
D=98. 6 

--
-: 
-

Water Level@ 7. 7' 
(Elev. 84. 4) After 
24 Hours -

8 _: 
----

-: 
---= -----
----------

5 

Very wet to saturated. 

6 

t-

~ 
~N=9 
.....L 

1-

13.5-~--~--------------------------------~--,---l 
- CL Siltv Clay: some organics; very dark _!_ -: 
_ gray; very wet to saturated; medium ,_1_ N=5 
: plasticity; medium stiff. (old topsoil) ~ 15 --;.....-_--.l 

: CH 1'--------------- 1----t 
- Silty Clay: dark yellowish brown; 
~ saturated; high plasticity; medium 

16.5 -~ ==-~ 

19 ~g 
--~i :1} 

[\ stiff. 

Limestone: weathered and broken. 

--------·---·-----
Limestone: hard; light yellowish 
brown. _(oossible Winterset Limestone) 

7 1-

1-

f-

W=32.1 
D=90. 3 

W=30. 2 
D=94. 9 

W=27. 3 
D=94. 9 
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PROJECT 
WICHITA TESTING LABORATORIES 

Materials 
WrCIIolo 

Engineers 
Kansas 

Lagoon Embankment Evaluation 
National Zinc Company 
Chenyvale, Kansas 

Boring Matllod: 6-ln. cantinuoua IIIQI'It aug a r Standard Penetration Test Boring No. 2 

Undisrurbed Sail Sampler: 3-in.a.d. thin-walled lube 140-lb.Hammerl30-in.Foll 12-in.a.d.Splil-barrel Sampler Sheer 2 at 2 

w•M()isture Content, "·I 0• Ory Density, pel Penetrallan Reslatonc:e: N•Biaws per foal Oote:4-18-78 

Elt•olian 

f- 72.1 

70.6 

67.1 

Oa pth Group 

2 O Symbol 
Oesc:rlplian at Materials 

Limestone: as before; but shaley; 
dark gray and hard. j~ 

21.5=~~~~+------------------------------------1 
---------------

Shale: dark gray with thin limestone 
stringers. (possible Stark Shale) 

Somple alaws 
No. 

-

Remorka 

2s -~-~~==========================~===F==F===============I 
--

-= 1------ 1----
....: 1------ t----

__.: 1------- r--
: 

-= 1-----
-: 1-

-
: 

- ----
.....: ------ ~ ----- ------ 1------ 1----·-
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

Materials En~lneers National Zinc Company 
Wocllota K an1as Chenyvale, Kansas 

B 0 RD'-J G l~OG 
Borin~ Method: 6-ln. o:antlnuau• fiiQhl au Q 1 r Standard Penetration T e s I Barlno No. 3 

Undisturbed Soil Sampler: 3-in.a.d. thin-walled tube 140-lb.Hammarl 30-ln.Fall 12-in.a.d. Split-barrel Sampler Sh a a 1 l 0 f 2 
w '='Moisture Content, ~. 0 • Ory Density, pel Penatrallan Resistance: N•Biows Ill' foal OareA-11-78 

Ele•atian Oe pill Group Oescrlptian al Materials Sample Blows[ Ramarkt 
f-91.3 0 

Symbol Na. 
- Fill: cinders, brick, clay tile, etc. 

90.3 1 r-
CH Fill: silty clay; dark yellowish brown, 

-:. 
grayish brown, reddish brown and 
gray; wet; high plasticity; stiff to -
medium stiff with depth. 8 W=25. 5 

-:: r-
D=94.8 

87.3 4 __L 
:c1 Fill: sil!Y clay~ very dark brown and __L N=S - yellowish brown; wet with saturated 3 -= . - seams; medium plasticity; medium - W=28. 5 - stiff. - 9 D=95. 5 - --
: Water Level@ 7. 7 1 -

83.8 
-: (Elev. 83. 6) After 

7.5 - 24 Hours 
8 -ICI- Silty Clay: very dark gray with some 83.3 10 -CH 1\rganics; wet; medium plasticity; med. W=24. 3 -- stiff to stiff. (old topsoil zone) _L D=98. 0 

82.3 9 - -'I 
Silty Clay: dark gray with lime _L N=8 ~oncretions; wet; high plasticity; 4 - , medium stiff to stiff. ----

80.3 11 - As above but dark yellowish brown. ~ 

-CH \. 
_: Gravelly Clay: 20% fine to medium 
- gravel (chert); dark yellowish brown; 
- wet; high plasticity; stiff. 11 W=22. 4 -

-: r- D=107.6 
77.8 13.5: -

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

~ 
f--

: 
--

-: 
74.8 16.5-

Limestone: light yellowish brown; -- fossiliferous; medium hard. 
r-

(Winterset Limestone) 
- r-
-

...=. r----·-
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WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
<therryvale, Kansas 

Materials EnQineers 
Wocllola Kansas 

-BORING LOG 

Baring Method· 6-ln. continuous flight auger Baring Na. 3 S I o n d o r d P e ·n e 1 r a I i o n T e s r 

Sh 111 2 a I 2 Undisturbed Soi"l Sampler: 3-in.o.d. thin-walled lube t40-tb.Hammerl 30-in.Fall 12-in.o.d. Split-barrel Sampler 

w•Me>isrure Content, "·I O•Dry Density, pel Penetration Resistance: N•Biows per foot Dote:4-ll-78 

Elevation De pi h Group 
Symbol Description of Materials IS ample alows 

No. 
Remarks 

1-71.3 

69.3 

68.3 
67.8 

66.3 

20 -------
: 

22 --
23 -
23.5 

-----
25 -

: ------
--:: 
: 

-= ---
-= ----= --
--
: 

------------
: 

...: 
----

-: 
------------

-= --.--

Limestone: gray; hard. 

Shale: dark gray (possible Stark Shale) 

~Co:a:.kar.e.o~ 

Shale as before. 

-

r-

t-

r-
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WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
Na tiona! Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wochola K o nsos 

BORING LOG 

Borin; Merhod: 6-ln. continuou& fll;ht ou;er Standard Penetration Test Baring N a. 4 
UndiSiurbed Sail Sampler: 3-in.a.d. thin-walled lube 140-lb.Hammerl 30-in.Fall 12-in.a.d. Spill-barrel Sampler Sheet 1 of 2 
w•Moisture Content,"· 0• Cry Oenslly, pel Penetration Resistance: N•Biows per fa ot Dote: 4-11-78 
Elevation 

~92. 1 

91.1 

88.1 

84.6 

80.1 

77.6 

76.6 

75.1 

72. 1 

Oe pth 

0 

1 ---
------
: 
-4 -
: 

_;: 
---
~ 
-
: -

-:: 
7.5 : -----------= -----

-
12 -

Group 
Symbol 

CL 

CH& 
CL 

.. 
CH 
w/ 
CL 

\l 

:cH ---------
14.5: 

_;: 

1s.s: -g -
-: 
--

17 -
--------

-= l --·-20 - ,.J-: 

Description of Materials 

Fill: cinders, brick, clay, tile, etc. 

Fill: siltY clay; dark yellowish brown, 
gray and reddish brown; wet; medium 
plasticity; medium stiff. 

Fill: silty clay; very dark gray and 
dark gray; wet to saturated in seams; 
high and medium plasticity; medium 
stiff. 

Silty Clay: dark yellowish brown with 
iron stains; wet to very wet; high 
plasticity; with medium plasticity 
zones; medium stiff. 

·--·-·····--·· 
Gravelly Clay: 20 to 25% fine to 
medium gravel; dark yellowish brown; 
very wet; ·high plasticity; stiff. 

As above but saturated. 

Limestone: broken and weathered. 

Limestone: light gray; hard. (possible 
Winterset Limestone) 

Sompl e Blows 
No. 

1-

12 r-

;-L 
~ 

5 -
~ 

13 
~ 

~ 
3 
~ 

14 
-
i_ 

r--L 
5 

1--

~ 

f.-

~ 

~ 

~ 

~ 

Remark& 

W=25. 4 
D=97. 9 

N=8 

W=25.7 
D=96. 9 

Water Level @"9. 5' 
(Elev. 82. 6') After 
24 Hours · 
N=7 

W=27 .1 
D=92. 8 

N=10 
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WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Enoineers 
Woch• to K ansa' 

BarinQ Method: 6-ln. conllnuoua fiiQPII auger Standard Penetration Test BarlnQ No. 4 

Undisturbed Soil Sampler: 3-in.o.d. thin-walled lube 140-lb.Hommerl 30-in.Foll 12-in.o.d.Spllt-barrel Sampler Sh eel 2 o I 2 
w".toisrure Content,"· D• Dry Density, pel Penetration Resistance: N•Biows per foot Date: 4-11-78 
E It v o I ion Depth Group 

Descrlpti on or Materials Sample Blows Remarks 
-72.1 20 Symbol No. 

~~ As before. 

71. 1 21 r--

~ - Limestone: sandy and shaley; dark -- gray. 1--: 
~ : -- 1----

I 
-

1-----
....: ~ -

: 
..: ~· 

1--
- ~ 

-= - 1-- . 
- . -

-= 1-
: - . 

63.1 29 - . 1--
fissile; black; hard. - Shale: -

62.1 30 ·- ( ... ,.,.,..,n.,lo ~~=-,.\.- ~h~lo' 

--- r--- ---- r-----
-:: 1-
---- r--
: --: 1--

---- f----
~ f-

-
- 1-

-
- 1-

-.-
'(": -· ·-- ' -
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WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials En~lneers 
Woe no Ia K a rrsas 

BORING LOG 

8 a r i n ~ M 1 1 h a d : 6- I n. con 1 i n u au 1 t II ; I'll a u ; • r Standard P1ne1ration Tesl Boring No. 5 
Undislurbed Soil Sampler: 3-in.o.d. lhln-walled lube 140-lb.Hammerj3o-ln. Fall 12-in.a.d. Splil-barrel Sampler Shu I 1 at 2 

w•Moislure Canlont. "· O•Ory Density, pel Penolrallon Roslslanc•: N•Biows per foal Oale:4-11-78 

Elevalian 

r-94.1 

90.1 

87.6 

86.1 

82.1 

78.1 

77.1 

7 5. 1 

Oeplh 'Group Ducrlpllan of Materials O Symbol 

--
_: Fill: Cinders. 
---

-----
-:: --

4 ~ \7~------------------------------_, 
: As above but saturated. 
~ ---

...: -
6.5 -~---+----------------------------------; 

8 

12 

-: CL Silty Clay: very dark grayish brown; 
: very wet; low to medium plasticity; 

--t---f.JD..ediUIILS.ti.ff _______ ...... _ ....... - .. - .............. . -
: CH Silty Clay: brownish gray with olive 

...: yellow and iron staining; very wet; -
: medium to high pia sticity; medium 

.....: stiff. --------
: -----: ---

-:: 
---= -
-

As above but yellowish brown with 
light gray to gray mottling; iron stain; 
10 to 15% coarse sand; stiff. 

16 ...:. --- As above but with 15 to 25% gravel. 

17 --~~~--------------------------------~ 

~~ - . 

Limestone: yellowish brown; weathered 
medium hard. 

Sample Blows 
Na. 

-

-

-

1-

-

-

1-

Remarks 

Water@ 4. 0' -----After Drilling. 
(perched in cinders 
above silty clay) 

19 =~ -- -L--1-m_e_s_t_o_n_e_:-~e-ll-o-.. -v-i-s_h_b_r--o--w-~·-to !i~h t 

L-------~----:~fT_'~jj~~g~r~a~y~;~h~a~r~d~-~------------------------~----~~-------------
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PROJECT 
WICHITA TESTING LABORATORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Chenyvale, Kansas 

Materials Engineers 
Wocllo Ia Kansas 

8 orin 9 t.4 e Ill a c:l · 6 ·In. can II n u au I I II Q h I au Q I r Standard Penetration Test Boring N a. 5 
Unc:liSiurbec:l Soil Sampler: 3-in.Q.d. tnln-wallec:l tube 140-tb.HammerJ30-In.Fall 12-in.o.c:I.Split-barrel Sampler Sheet 2 ol 2 
w•Moisrure Content, -r.l D•Dry Density, pcf P1nerratlan Resistance: N•Biaws per foal Dare: 4-11-78 
Etevorian 

-74. 1 

72.6 

71. 1 

68.1 

64.1 

Del) I h 

20 ------

Group 
Symbol 

D•scrlpllan of Materials 

Limestone: as before. 

21.5~-rt-~----------------------------------------------1 
...: -- Limestone: shaley; medium hard. 
-

23 --+LM-~--------------------------------~ --- Limestone: hard. ------
-: 

-
26 

: 
--- Shale: dark gray; hard. 
-----

...: 
-----

Calcareous ---

Saml)le Blows 
No. 

1-

1-

Remarks 

30 -~-~~============================~==F==F==============9 --
---
----
: -- "" ----

-:: 
--

....: --------
...::.. 

"" --------· 
...::.. 
---·-



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

WICHITA TESTING LABORATORIES 
PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
WoCIIolo K 0 n sos 

BOR+NG ·LOG 
Borin; Merl'lod: 6-ln. continuous 1119111 ougtr Slandord Penelrolian Test Borin; No. 6 

Undisturbed Sail Sampler: 3-in.o.d. thin-walled tube 140-lb.Hammerl 30-in Fall 12-in.o.d Spill-barrel Sampler Sheer 1 of 2 
w•Moislure Conrenl, "f. O•Ory Oensily, pel Penerrallon Resistance: N•Biows por fool Oale:4-l2-78 

Ele•arion 

~94. 1 

89.6 

88.1 

85.6 

82.1 

80.6 

78.6 

77.6 

74.6 

0. plh 

0 

--
-

---
-----

I Group 
Symbol Oescrlplion of Mate rials 

Fill: cinders and ash with brick 
and tile rubble; saturated@ 3. 0'; 
loose. 

-:v 
4.5 :j---~------------------------------------~ -

-:CH 
--

6 -= 

Silty Clay: very dark gray; traces of 
fine sand; very wet; medium to high 

- plasticity; medium stiff. 

'-----------------------------------
As above but olive gray, gray and 
yellowish brown mottled. 

-
.-: --
..: 
-

8.5 : ----+-------------------------------------·--
-= CH Silty Clay: yellowish brown mottled -: with light gray to gray; very wet; high 

__: plasticity; medium stiff to stiff. 
--------

12 _: -
-

--
As above with 20 to 25% limestone 
gravel; stiff. 

13
. 

5 _::R --- -~imestone: ye~~o~~~~- b~~~~ ~~~~~-
- and weathered. (possible Winterset 
- Limestone} 

--
15 · 5 ~~ Limestone: light gray; hard. 

: (Winterset Limestone) 
16 

· 5 _::t2 .. A~-~ ~;v~ b~~-b-,;,;;~n-in p".: r~: ------

-:b}i 
-~ I -,__ . 
D - ·I -,_J. 

l9.S:L 11 ..... ····· 
.-~ Lt me stone: hard. (Winterset Limes ton~ 

Sample 61ows 
No. 

Rom arks 

r- Water@ 3. 9' .After 
Drilling 

f- (Perched above 
silty clay} 

1-

1--



PROJECT 

Lagoon Embankment Evaluation 
Engineers National Zinc Company 

Wocholo Kansas 

I TESTING WICHITA LABORATORIES 

Materials 

11-------------------~-=-----------,--------L-------C--h_e_rry __ v_a __ le_. __ K_a_n_s_a_s __ ~-------------J BORING. LOG 
Borinq Method: 6-ln. conlinuoua fiiQhl OuQar Standard Penetration Ttsl BorlnQ No. 6 I Undi,.urbed Soil Sampler: 3-in.o.d. lnln-wolled lube 140-lb.Hommerl30-in.Fo1112-in.o.d.Splil-borrel Sampler 

Content, %1 0• Ory Oensily, 

Sheer 2 ol 2 
w:rMoisture pel Penerrallon Resistance: Oale:4-l2-78 H•Biows per tool 

I Elevation Oe pi h Group 
Oescrlpllon ol Mala rials Sample Blows Remark a 

~ 74.1 20 
Symbol No. 

Limestone: as before. 

I - f-

72.6 21.5 

- Shale: gray and light gray; sandy; 
f.. 

I : high plasticity; hard. 
- (possible Stark Shale) - .... -

I 
---

f-----

I 69.1 25 -
----- -

I 
----

-= f.. 

I -= .... ----
I f.. ----

....: f..--
I : 

-= --
: 

I -= --
I --I - f-

I ----- 1--

I : 
....: f---

-

I - f-

--- f.. 

I 
----- f---

I -
....: 1-

---

""'' 
Fiqure 7c Dri !lee Bv: Wil!i~rro P r:; i 0 c;"' 1 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Woc~olo Kansas 

B o r i n Q M • I h a d : 6 • i n. can II n u ou • f II g h I au Q • r Standard Penetration Test Borlnq No. 8 

Undisturbed Sail Sampler: 3-in.a.d. thin-walled lube 140-lb.Hammerl 30-ln.Foll 12-in.o.d.Spllt·borrel Sampler Sh eel 1 o I 1 

I 
w•Moislure Conlenl, 'Y.j 0• Ory Density, pel 

Elevation Oeplh Group Oescrlplion of r.careriols 

Penetration Resistance: N•Biows por fool Oate:4-12-78 

Sam pi 'I Blows 
No. 

Remarks 
' Symbol ;t,l-92.0 0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

91.0 

88.0 

85.0 

84.0 

85.0 

7 8. 5 
78.0 

-1 
CH -

-
-
--
--

4 CH : 
-= ---
-= . 
--

7 -
: CL 
-8 - CH -

9 -
- CH ---= -
-·-------------

13.5-
~ 14 -

-
-= -
-:: 
--
-------
-

---
:-

Fill: cinders. 

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

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

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

',_ stiff. (old topsoil zone) 
Silty Clay: dark gray; very wet; high 

1'\lasticity; medium stiff to stiff. 

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

Weathered Limestone. 

1-

1-

1-

1-

1-

1-

1-
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WICHITA TESTING LABORATORIES 

Materials Engineers 
W•CI'\• ra 

BORING LOG 

BorinQ Method· 6-ln. continuous lllqhl au Q e r Standard 

PROJECT 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Penetration Test BorlnQ No. 9 
Undisturbed Soil Sampler: 3-in.a.d. thin-walled tube 140-lbHommer_l JO-In. Fall 12-ln.a.d. Spilt-barrel Somplar She e 1 l 0 I l 

w•Moisture Content, "·I D•Dry Density, pel Penetrollon Resistance: N•Biows per foal Dote: 4-12-78 
Ele•otion 

st. - 92. 0 

91.0 

88.0 

87.0 

85.5 

77.0 
76.5 
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De pi h 

0 ---
l -

--
: 

-----
-: 
--

4 -

Group 
Symbol 

CH 

Description of Materials 

Fill: cinders, brick, tile, etc.; 
loose. 

Fill: silty clay; dark yellov.rish brown, 
brown and grayish brown; wet; high 
plasticity; stiff. 

: CL Silty Clay: very dark gray to dark gray 
with some organics; saturated; medium 

\plasticity; soft to medium stiff. (old 

--
5 -

: 
~ 
-

6.5 : 
---------------

--= 
-----
------------

-: 
--

CH 
1 \ topsoil zone) 

Silty Clay: dark gray; very wet; high 
-1\lasticity; medium stiff. 

As above but dark yellowish brown and 
stiff. 

15 --= t' 7 

- ·" Saturated. 
~ ~ · 5 :t;:q·· ·-+-.;;;;.W..:::;;e~a;;;.;t;_;:h;..e';_;:r_e~d~L-im-e-s-to-n-e--. ----------·-- --·-

-
-

-
--
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-
---
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No. 

-
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Remarks 

W=30. 5 
D=90. 6 
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SOILS ENGINEERING REPORT 
· · lAGOON EMBANKMENT EVALUATION 

CHERRYVALE, KANSAS 

I. INTRODUCTION 

This is a report of subsurface and soil conditions for the existing 

wastewater lagoon at National Zinc Company plant near Cherryvale, 

Kansas. The lagqon 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. 
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1. 

2. 

3. 

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 Limes tone, 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 45 and 

plasticity indices (ASTM: D-424) of 20, 28, 31 and 26 were 

obtained for lab. Sample Nos. 2, l 0, 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 1. 49 

to 1. 72 gm/ cc and the soil moisture contents varied from 22. 4 

to 2 7. 3 percent. 

- 2 -
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4. 

5. 

Shear Strength. 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. Measurement 

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

The total stress shear parameters interpreted from the test data 

for Lab. Sample No.7 are~= 13.8° with c = 540 psf. The 

effective stress parameters are interpreted to be J5 = 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 rate was determined for 

each sample at a confining pressure of 0. 5 KSF. Permeability 

rates of 3. 4 x 10-5 , 4. 6 x 1o-8, 2. 1 x 10-4and5. 3 x 10-8cm/sec 

were obtained for Lab. Sample Nos. 2, 10, 11 and 13 respectively. 

Using an average permeability value of 6 x 10-S, the seepage 

beneath the maximum section of the embankment (near Boring No.2) 

was calculated to be about 0. 14 cubic feet per day per lineal foot 

of embankment. Using the dimensions of this maximum section for 

the effective length of the embankment (assumed to be 2000 feet), 

the total quantity of seepage beneath the embankment is calculated 

to be about 280 cubic feet per day. 

- 3 -
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6. 

As can be seen from the laboratory test data, the permeability 

rates 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 

3 7 respectively. These values indicate the foundation soils are 

low to non-dispersive. 

- 4 -
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l. 

2. 

3. 

III. EXfSTING 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 indices 

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 CU) was performed 

on specimens trimmed from Lab. Sample No. 6. The test 

specimen was saturated by backpressure prior to consolidation 

and shearing. Measurement of pore pressure response gave D 

parameters of a. 97 to 0. 99. The total stress shear parameters 

interpreted from the test data are ~ = 22. 7° with c = 33 0 psf. 

The effective stress parameters for the sample are interpreted 

to be ¥r = 28. 0° and c = 300 psf. 

- 5 -
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N. SLOPE STABILIIT 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 top of 

the embankment (about elevation 92. 0) to the top of the natural ground 

surface (about elevation 79. 6). The embankment section used in our 

analyses had a top width of 12 feet. We also used a 2:1 slope for the 

upstream slope (the side facing the lagoon). We made our analyses 

assuming that a theoretical phreatic surface would develop at the 

water level in the lagoon (at elevation 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 (CU) were 

used for steady seepage analysis. 

The safety factors for both normal and earthquake conditions were 

determined for the maximum section as described above. A safety 

factor of 1. 46 was obtained for static conditions using a total of 184 

trial arcs. This factor of safety met the 1. 4 minimum requirement 

(SCS, TR-60). A factor of safety of 1. 16 was obtained for earthquake 

conditions in a static analysis, assuming a horizontal acceleration of 

0. 10 g. This met the 1. 0 minimum factor of safety requirement (SCS, TR-60). 

- 7 -
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V. CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

Based on the field and laboratory test data obtained from this 

investigation and on current Soil Conservation Service criteria, we 

conclude that the National Zinc Company .. vaste water lagoon has adequate 

slope stability for the existing slope configurations and lake level. As 

stated in the introduction to this report, we did not conduct a flood 

routing study. 

RECOMMENDATIONS 

(1) We recommend an in-depth hydrology study made to determine 

the potential for overtopping the lagoon embankment. 

(2) At the time of this investigation the lagoon water level was 

at elevation 90. 4 which provides only 1. 6 feet of freeboard 

at the maximum section. We concur with the State of Kansas 

Department of Health and Environment suggestion in their 

letter to National Zinc Company dated January 31, 1978 

stating that the plant area be graded so as to divert all 

uncontaminated storm water runoff from entering the subject 

lagoon system. 

- 9 -
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(3) SeeJ)age 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 quantity of seepage beneath the embankment is considered 

excessive at any time it may be controlled by pressure grouting 

through the embankment or possibly by application of bentonite 

to the reservoir surface. A cement grout appears preferable ever 

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 -
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MINOR PORE EFFECTIVE DEVIATOR AXIAL 
PRINCIPAL PRESSURE, MINOR STRESS, F:.l LURE STR:.lN AT 

STRESS, u PRINCIPAL a 1 - a 3 CRITERIA FAILURE, 
CTJ STRESS, 

(psi ) ( psi ) al (psi} ( psi I E. ('r.) 

,..-;., ~ _3 . .3 2'. 7 I I . .3 /. 0 0 .._..-:;.. -
/4. I 7 . ..:5 fo.B 2c.•. 8 c-; z.c. 7 
I 2._ 8 q,; 8.1 77.2 -

G· .3 337 

PORE PRESSURE (u), psi 

0 
{) .r 10 

~ '.' . 

f' [~I ~·t • ' 

-.., ' - r r' 
' 2: Cl -++ ' q:t •. 

c:( 

I a: 
1-
VI 

~ ~· 
1::. 

' 

SHEAR PARAMETERS 

28.0 ' i deq. 

tan i t!). 53Z 

c .3oo psf 

-• a. 
/0 -

'"' -
VI 
VI 
LU 
a: 

,£~. 1-
VI 

a: -+ 
t c:( :.ht LU 

:X: t+ VI 0 
0 /t:J 2o .3a 

NORMAL STRESS (a). psi 

REMARKS 
£ .r: l /""/.: ;.·,-rfr.r· ;.-· ~"" I~ / :"" r ,.-: ,. /'I -:..-~~/-/cr.: 
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t..ABQIIAfQAr ""0 7 

~IATEHIALS WESTERN LABORATORIES TRIAXIAL SHEAR TEST 
TESTI.'\'G HEPonT o-~~ t;--f'.~"U 

PROJ~C/ """ STAT( 

/l/ Alt/1 AI A"L - 7/AIC 
O(PTH G(OI.OC".IC ORIGIN 

/5. 7~ 16.4' 

~----------'-IN~D~E~X---T~E~S_T __ D_A_TA ___ / __________ +-__________ S_P~EC_I_M_E_N ___ D_A_T_A __________ ~ TYPE OF 

uses . LL PI ______ _ HEIGHT 3. 0 ", DIAMETER_/:.._..__' 4_.___- TEST 

%FINER (mm): 0.002 _____ , 0.005--- MATERIALS TESTED PASSED SIEVE uu 0 
0.074 (R 200) __ _ METHOD OF PREPARATION Tr/mm e .....f cu 0 

Gs (-d4) ; G5 (.,.'*4) _____ _ -from 9-n 9"'-d~._,ti,ched Ccc.o cu C8J 
STANDARD: r d MAX. pef; Wo ___ 

0/o MOLDING MOISTURE % 
CD 0 

MODIFIED: "td MAX. pcf; "'o % MOLDED AT __ % OF "td MAXIMUM 

ORY DENSITY -a MOISTURE CONTENT, o/o TIME OF MINOR DEVIATOR AXIAL 
INITIAL 
pcf BI 
glee 0 
-~7 

94.9 
9.2.9 

~ 0 

-... -
z 
< a:: .... 
<f) 

"' 0.. 

<f) 
<f) 

w 
a:: .... 
<f) 

c: 
<X: 
w 
:X: 
en 

REMARKS 

CONSOLI-
6:. ..... -~oe- START 

DATED OF pef t8l., 
gleeD TEST 

/t:J:j 0 .99 27.3 
/tJO.& /.t?t::' .1.7-.; 
<j~.q .99 ..1..7 •. 7 

0 
0 

' ~ 
' 

1.. 
~ 

SHEAR PARAMETERS 

DEG.OF SAT. END CONSOLI- PRINCIPAL STRESS STRAIN AT 
AT START OF DATION STRESS a, - a3 FAILURE, 
OF TEST TEST ( h rs.) a 3 (psi) (psi l €. (%) 

/a?.~ :z.c,. 7 L.2 53"'7 ISS 1~.7Z 
'lh.<; Z.,4...i:;; /5 /.4.. I !7.5 20./h 
q;. <9 ~'71 t) 1_7 .2/._L_ ;:!1. I :Zd. I'd 

DEVIATOR STRESS ( 111 - a 3 ), psi ~ 

~ ~ ~ 
: 1 - . .:...:....L~I . ..........; • ,..;.._;.. 

' 0 ..l.. • . ' . ' 0 • ..,.: -+:+-· ..... . . . . 
. .. . ··OF 0.. 0 . -~ '0 

+;-+...; : :::t:.-~ts::±±-+~~r?: .~ ~;~: 
.·. -~ .,. 0-r··'"""'...:._:,__ ;.._'. 

.... f-.;. . • ..,........... .. 

. ' 
: .. ~~~:~~ .. 

:~:-~"~"rr.t:t;:::: . 0 

. • . ; "T -

.:.: • 0 

fT-+-!- .. . 
f 13·8 deg. . . · · . ~.r::=-..i....:..T_ ·-
ton 1 O.Z4.lD 

e S4-D psf 

' ' 

I 
.. .. 

... ·r.:to~~ "I' 

··----
' 

0. 

·-

NORMAL STRESS (CT), psi 
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I.A801UIOAr NO 7 

~L\TEIU..\1.~ vVESTERN LABORATORIES TRIAXIAL SHEAR TEST 
TE~Tl:'\C ltEPO!tT c:u'l~ £""!'~ wich pore press urc measured 

P"'C).J(Cl- SIAl( -I' --· /:;1 I SAWP\.( I.OCAliON 

_/' ·--,f/,f;·.---:= 
~ 

, _.,r:.- ~ 5..-n~?~,fc:;.B-2 

nP( O' SAlol"\,( rtsryr 
(A,-, d, S lc///r-rl / ;/ r-:' ~ ~/. /J/ 

l.t.PPAOv(O BY I OA!E/-7. I ~- <V, 78 

MINOR PORE: EFFECTIVE DEVIATOR AXIAL 
PRINCIPAL PRESSURE, MINOR STRESS, FAILURE STRAIN AT 

STRESS, u PRINCIPAL a,- a3 CRITERIA FAILURE, 
0"3 STRESS, 

(psi l (psi l iil (psi) ( psi ) E. ('Yo) 

6. 7 z. 3 &.£/ /4.4 - '7 3~ 
14. I 8.Z S:c; ;6. I VI (..,c;ro --
21. I ;;,; /~. 0 /C/ '/ T3 8. Ob 

PORE PRESSURE (ul, psi 

0 
.f ;0 

~ - ;-n-
f4 ~ ~rl '+ 0 

' •+ ~ .. - J ~: w -
"' '' z ~ h+ f:J -ex: 

l a: 
~ . -

Cll 

~ 
H-

' 
<;) ' 

SHEAR PARAMETERS --
i ~2.0dcg. 

tan i tJ.62S 
c 0 psf ·t-

-... -
Q. 

/0 -l-.1 -
Cll 
Cll ' 
LLJ 
a: ...: ~ ~ 
Cll 

a: t ~ < 
~ H LLJ H J: 

Cll 0 
0 /0 20 .30 

NORMAL STRESS (a), psi 

REMARKS £r1 ;--r/c/""·r- ht7~,-,-f r' I' ,: /:--~/ ....... .-· C urr~ :5 
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Appendix 2 

Lithology and' ,Completion Logs ofNew Monitor Wells 
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COMPLETION \.JELL 
LOG 

M. A I< II !ICGIICUIIIICG AICD DRILLING METHOD• AIR ROTARY BORING NO. 
IIIIYUIOHIII!In'AL S!RYICIIS. INC. 

6 l/4' AIR HAHHER HIJ-5 

I " c 

" ... 
..J 

SITE NAME AND LOCATION SHEET 

NATIONAL ZINC SITE SAMPLING METHOD• I or 1 
CHERRYVALE, KANSAS DRILLING 

START F"INISH 

-~ER LEVEL TIME TIME 

\lEATHER SUNNY TEMP 100 F" TIME 1•30 PH J•OO PH 

G.L. ELEV. DATE DATE DATE 

DATUH HSL TOC ELEV. CASING DEPTH 7-22-0~ 7-22-03 

DRILL RIG> ATV AIR HAHHER I TYPE GRAVEL• I CASING DIA> 2' I SCREEN DIA> 2' 

ANGLE BEARING _TYPE_ BENTONITE• I SCHED.• 40 PVC ISLOT SIZE• 0.01 

SAMPLE HAHHER TORQUE F"T.-LBS 

I 
I 
I 

::> ... 
ci z 
:::; ,.. 

.... 
..J ..J 

~ ... 
~ 

" !li > 
" ~ % 
0 ..J :It ..J 

" ~ 
I-
z 
Cl d< 
u .... 

..J 

..J 

~ 

~ ... 
~ ... ... ; 3 ~ 

.! ~ ~ DESCRIPTION Of" MATERIAL :1 \JELL 
Q. il ~ NOTES 
l!l 

I 
L:J ~ z -...J 
...J -~ 
Q 

I= 0::::1, lUI"' ~UIL, I.JI<AY ~ILlY MUI::OI 

=I I I- CEMENT GROUT 0-2.5' 

I-I 
I- -

BENTONITE 2.5-4.5' 

D 
CLAY, BRO'JN, LIGHT BRO'JN, MOIST -PLASTIC, STIFF .. CASING 

-~ 
1- -. g~ 

I 
I- -

LIMESTONE. BRO'JN, CREAM, FRACTURED- ~~-I-
'WITH SHALE STREAKS. HARD. 'JET SAND 4.5-16.5' 

~ 
I 

I- LIMESTONE. BRO'JN, DARK BRO'JN, SCREEN 6.5-16.5' 
I- CRYSTALLINE. HARD. 'JET STREAKS t;:.S· 

TO 13' I-I = 
~ 

-
13'-16.5' DRY 

I- TD-16.5' 
I- -
I- -

~0 
-
-

I 
I 

>-
CQ 

Q< 
Q 

i ::.c :c ... u .. z .... 
... 

I- -
I- -
I- -

~5 
-
-

I 
>- ~ 
CQ ~ 

Q ~ w 
L:J w 
L:J I-

I- -
I- -I 

Cl <( 
...J Q 

I- -

~0 -
-

I- -I 
I- -

I 
I 
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COMPLETION wELL 
LOG 

.M A .. II BNGUCIIIUIIG .UCD _DRILLING METHOD• AIR ROTARY BORING NO. 
IIN\IIRONIII!fi'AL SEIMCI!S. 111C. 

6 11•• AIR HAMMER M .... -7 

Sl T£ NAI1£ AND LOCATION SH££T 

NATIONAL ZINC SIT£ SAMPLING M£TH0[). I or 1 

CHERRYVALE. KANSAS DRILLING 

START F"INISH 

"'AT£R L£V£L TIM£ TIM£ 

"'£A TH£R SUNNY T£HP 100 r TIH£ 7•30 AH AM 

I G.L. (LfV, OAT£ OAT£ OAT£ 

DATUM HSL I roc £L£v. CASING DEPTH 7-23-03 7-23-0J 

DRILL RICP ATV AIR HAMMER TYP£ GRAVEL• I CASING DIA< 2" I SCR££N DIA< 2" 

ANGL£ B£ARING TYP( BE:NTONIT£• I SCHtD.• •o Pvc I SLOT SIZ£• D.o1 

SAHPL£ HAHM£R TORQUE rT.-LBS 

e ~ 
~ ... ; !:1 

3 ~ 
"' 

:. ! DESCRIPTION or MATERIAL "'£LL 
~ 

... 
~ 

... NOTES ~ 

""' TOP SOIL. l.II<AY MU!::i I ::iII~~ 

j ~ r-
r- CLAY. GRAY. DARK GRAY, MOIST. C£H£NT GROUT 0-J.S' 

f- STIFF. PLASTIC 

t;> B£NTONIT£ J.S-S.S' 

LIMESTONE. BROVN, CREAM, IJITH r- - ~ SHALE STREAKS CASING 

r- -
- ~.;:;:-

I9 SHALE. GRAY, \liTH THIN 
,:.,_• 

LIMESTONE STREAKS - ,:·-:·-

- - ~f. - ~s 
= ~..:: : 

- ;;.o,: ;-.:.-2 
- SHALE, BLACK, FISSILE :;:,: SAND S.!H!2.5' 

ti-s 
- @ = ~};~ - ,: •.. 

f-
-:-,_: 

SCREEN 7.5-22.5" 
r- SHALE. GRAY, BLUISH GRAY, ;>:.:: 

SLIGHTLY MOIST, MEDIUM SOFT ~'l_:: f= ~5; r-

~0 
,,, 

~~~. 
r,:;.~: 1-- ;,s;;: 
[;.::~ ~ ~:t~ 

f- -
~ ~ ~~ r- TD-22.5' - 1--

f- -

t2_s -
-

r- -
--
--

~0 -
-
-- --

" c 

" .. 
5 ... 
d 
! .. 
..J ... ..J ..J 
ii i "' 
" "' > CD 

~ i 
..J :E 
~ 

a.:: 
1-z 
Cl ci 
u ... 

..J 

..J 
l:l i z -...J 
...J 

a.:: 
Q 

= 
>-
a:l 

"' 
Q ... 
~ z 

~ J: 
u .. 

z 
w 

" 
>- ~ 
a:l 1i 

~ 

Q ~ w 
l:l w 
l:l 1-
Cl <( 

...J Q 
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COMPLETION W'ELL 
LOG 

M. A .. II BICGINBB!IIIfC AICD DRILLING METHOD> AIR ROTARY BORING NO. 
IIMRO!flllfiTAL SIIIYICIIS. INC. 6 1/4' AIR HAMMER H\1-6 

SITE NAME AND LOCATION SHEET 

LANDFILL EXPANSION CROONEY PROPERTY> SAMPLING METHOD• I OF' I 
QUARRY RECYCLING AND DISPOSAL F'ACILITY 

DRILLING TULSA. OKLAHOMA 
START F'!NISH 

\lATER LEVEL TIME TIME 

\lEATHER SUNNY TEMP 100 r TIME 10.1:1 AM 12>30 PH 

I G.L. ELEV. DATE DATE DATE 

DATUM HSL I roc ELEV. CASING DEPTH 7-23-03 7-23-0 

DRILL Ric;. ATV AIR HAMMER TYPE GRAVEL• CASING DIA> 2' SCREEN DIA• 2' 

ANGLE BEARING TYPE BENTONITE• SC:HED.• 40 PVC SLOT SIZE• 0.01 

I 
I 
I 

>< c 
..: 
"' ..J 
:> ... 
d 
~ ,_ 
..J ... 
..J ..J 
ii< ... 
Q z 

..: 
>< "' > "' ..: z 
~ ..: 

..J 

..J 

..: 
Ck:: 
I-
z 
0 ci 

SAMPLE HAMMER TORQUE F'T.-LBS u ... 
..J 
..J 

~ ~ 5 
3 ; ~ 
" " l! DESCRIPTION OF' HA TERIAL ... 'WELL 

~ ~ 
.. 

d NOTES 

" 
SOIL, GRAY, MOIST 

i ~ r- - CEMENT GROUT O-S' 
r- CLAY, BROW'N, DARK BROW'N, MOIST. .-

PLASTIC, W'ITH GRAVEL LAYER AT S.O' 

I I r- - BENTONITE S-8' 

r-10 LIMESTONE, LIGHT BROW'N. CREAM, - CASING 
HARD. FRACTURED. PARTLY ....;., 

- .-. 
I== .;E f---0-' CRYSTALLINE ''-"> 

:--~ -;;-::: r- -
~~ 

f--
~ 

SHALE. BLACK. FISSILE. HARD r- c, 
- INTERBEDDED W'ITH GRAY SHALE 

~ 
~ 
rf SAND 8-30' 

20 SHALE, GRAY, BLUISH GRAY, 
-~ 

~ 
.=.· SLIGHTLY MOIST. SOFT § 
- ti SCREEN 10-30' 

--::::-
- ... "+; ·~-

~J.. to; ... 

- LIMESTONE. BROW'N, GRAY, HARD. DRY ..... ;f 
~ 30 

.;;::-•.. 
SHALE. GRAY, BLUISH GRAY, SOFT. 

r--- '"·:: -=-· 
- MICACEOUS -

I 
I 
I 
I 
I 
I 

1.:1 ii< z Q 

_J 
_J -Ck:: 
0 

= 
>-
a:l 

- -
- SHALE. GRAY, DARK GRAY, FISSILE - 30 TO 40 F'T 

40 
MEDIUM HARD - PLUGGED BACK 

-'-' TD-40' -
I 

"' 
0 

\!t ~ 
..: J: ... u 
"' z ... 

... - -
- -
- -
so -
-'='-' -
- -

-

I 
I 

>- ! 
a:l ~ 

0 ~ w 
1.:1 w 
1.:1 I-
0 <( 
_J 0 

-
--

60 -
-=-· -I 

--
-

I 
-
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COMPLETION 'WELL 
LOG 

.M. A .. II l!lfGI"II!RIIIG ~D DRILLING METHOD• AIR ROTARY BORING NO. 
IINYIIIOifiiBWI'AL SBIIYICIIS. 1m:. 6 l/4' AIR HAMMER M'J-7 

SITE NAHE AND LOCATION SHEET 

NATIONAL ZINC SITE SAMPLING HETHOD• l Qf"_l 
CHERRYVALE. KANSAS DRILLING 

START r(NISH 

\lATER LEVEL TIHE TIME 

\lEATHER SUNNY TEHP 100 F' TI_ME_ AH AM 

I G.L. ELEV. DATE DATE DATE 

DATUH HSL I TOC ELEV. CASING DEPTH 7-2J-o: 7-23-03 

DRILL RIG> ATV AIR HAHHER I TYPE GRAVEL• I CASING DIAo 2' I SCREEN DIAo 2' 

ANGLE BEARING TYPE BENTONITE• SCHE D.• 40 PVC I SLOT SIZE> 0.01 

SAHPLE HAHHER TORQUE F'T.-LBS 

.. 
~ w 

~ w .. s 3 ~ 
i! " l! DESCRIPTION OF' HA TERIAL ... 'JELL Cl .. 
i;l al ... NOTES ~ 

1=111=1 I Ut" ~UIL, l.JI<AY MUI~ I :S I I~~ 

=~ E CEMENT GROUT 0-3.5' 
-
- CLAY, GRAY, DARK GRAY, MOIST. 

- STIFF. PLASTIC -

I ~ 
- BENTONITE 3.5-5.5' 
-

f- LIMESTONE. BRO\JN, CREAM, \JITH -
SHALE STREAKS ~ CASING 

r- -
f-

~ SHALE. GRAY, \JITH THIN 
f~~i LIMESTONE STREAKS 1-- . 

f-

f- -~ f--

f- SHALE. BLACK. FISSILE SAND 5.5-22.5' 

ti-s 
. ' 

f- SCREEN 7.5-22.5' 
r- SHALE. GRAY. BLUISH GRAY. 

~f-. r- SLIGHTLY MOIST. MEDIUM SOFT 

tao 
f- ;st:::::: 

f- TD-22.5' 
r- -
t2,s -

-
f- -
r- -
r- -

~0 -
-

f- -
f- -

"" c 
c 
"' :1 ,_ 
d 
~ 
..J 
..J 
~ 

"' 
"" > 
~ c 
z: 

Q:: ..... 
z 
D 
u 
l.:l z .... 
...J 
...J .... 
Q:: 
Q 

"' ~ ,_ 

"' z ... 

>-
r:rl 
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w 
l.:l 
l.:l 
D 
...J 

,.. ... 
..J ,_ 
ti 
"' ... 
i 
..J 

'i 

Iii: ... 
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= 
>-
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COMPLETION \JELL 
LOG 

N\ A a II BNGIIIIIERING Alfll 

IIIYIIIOIIIIBifTAL SBRYICES. IIIC. 
~D=RIL;=..;;,..LING;;_.....:;.... HET--=..:;HOII>--=A:!!!....:IRR=.:.,:OTT AR=.:._Y ____ -t BORING NO. 

& 1/4 AIR HAHH£R HIJ-8 

SITE NAME AND LOCATION 

NATIONAL ZINC SITE 
CHERRYVALE. KANSAS 

SHEET 
~--------------------------, SAMPLING METHOD> I Or I 

DRILLING 

START rJNISH 

I IJAT[R LEVEL TIME TIME 
J-':"':="'IJEAIT'="rHE=-R=SUNN7.:""-Y-----,T=EHP~IO;:::-Or-;:---/---=-TTI;:::::.:HE~-/---+--+---f----i 4•15 PH 6>30 PH 

~--------~~~G.L.~E=LE~~v·------~--~DAU'~E-+---+---+---+--~ DATE DATE 
DATUM HSL TOC ELEV. CAslNG DEPTH 7-i!i!-O: 7-i!i!-03 

DRILL Ric;. ATV AIR HAMMER I TYPE GRAVEL• I CASING DIA• i!' I SCREEN DIA> _i!' 

ANGLE BEARING TYPE B!:NTDNITE• SCHED.• 40 PVC !SLOT SIZE• 0.01 

SAMPLE HAMMER TORQUE F'T.-LBS 

~ 

I 
w 
w .. 
.! 

z: ~ 
~ "' 

f-

f-

f-

D 
~ 

f-

f-

ti9 
f-

~ 

~ 

~ 
-
-
-

~0 
-
-
...... 

~5 
-
~ 

f-

Q.o 
f-

f-

i .. DESCRIPTION or MATERIAL 

1= 1=1 SOIL ORAY """"DARK lJRAY SIL'I Y MUIS r I 
CLAY, GRAY, MOIST, STIFF, PLASTIC =~ 

LIMESTONE, CREAM, BROIJN, HARD, 
DARK BROIJN, CRYSTALLINE 

SHALE. BLACK, DARK GRAY, FISSILE 
MEDIUM HARD, DRY 

SHALE. GRAY, LIGHT GRAY, IJITH 
FINE-GRAINED SANDSTONE STREAKS, 
MOIST 

SHALE, GRAY, LIGHT GRAY, W'ITH 
FINE-GRAINED SANDSTONE STREAKS, 
MOIST 

TD-22.5' 

-
-
-

-
-
-
-

\JELL 
NOTES 

~ CEMENT GROUT 0-3.5' 

BENTON! TE 3.5-5.5' 

CASING 

SAND 5.5-22.5' 

SCREEN 7.5-22.5' 

>< 
0 .. 
"' ...J 

2 
ci = ,.. 
...J 

"" ...J ...J ;;; ... 
"' z .. 
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a:: 
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0 a< 
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>-
Q:l 

"' 
0 

"" ~ ~ J: ... u 
"' z 
"" 

" 
>- ! 
Q:l li 
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Appendix 3 

Lithology and :Completion Logs: of Existing Wells 
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, oWI'IER 

N11 :rlfi)U 

1-w-1 .£t;.,..~ 

GEOLOGIST£, .. 
-~,,.,rf!, i3~~~""",...., 

PROIEcr ./ 

" 0 
.J 

(.) ... 
:I: 
a. 
a: 
0:: 

" 

OESCRI:PTI:ON 

TOP OP PRO"recrOR PU'E: 
TOP OF CASING: 
GROUND SURFACE El.E\1'.: 

f)_, Orl{v. hfwr 5·\r t-1 cty I Jr r . 
{+cud kty~I"Ci,.. / 1 

1-4 B /4 tt: clu y \JI-ote. c~ (V~Jle r5 t:{ nl 
S1 tt9 F4.r1 j t/7Jn.ty to,"J ... ~~;e~ 
5~~ tr· rndl-.'!l~e. 

4--6 (}1 <fli-~fecR Jar'(_ 'J r~y r-o 1 

~(.~e,._c;fa V; tv"ttce. ~ -s~TO;.e a~ 
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Undisturbed Soil Sampler: 3-in.o.d. thin-walled lube 140-lb.Hammerl30-in.Fall 12-in.a.d.Splil-barrel Samr;>ler Sheer 1 of 2 

w•Moislure Content, "Y., D• Dry Density, pet Penetration Resistance: N•Biows per foal Date: 4-11-78 
El1votion Depth Group 

Symbol 
Description of Materials 

i-92.1 0 
Fill: cinders, brick, tile, etc.; loose. ----91.1 1 ~~--+------------------------------------------------------~ 

- CH Fill: silty clay; very dark grayish 
_: & brown, dark yellowish brown and 
: CL reddish brown; wet; medium .3nd high 

89.1 ~ ..:.. plasticity; stiff. 
---- As above but saturated in seams. 

----....: ---
~ 
--------

84.1 8 ~ \1 --- Very wet to saturated. 

-= ----= -
: 

-= ------
: ---

Sample Blows 
Na. 

4 

-

5 -

6 
-

Remarks 

W=25. 5 
0=98. 6 

Water Level@ 7. 7' 
(Elev. 84. 4) After 
24 Hours 

W=32.1 
D=90. 3 

W=30. 2 
D=94. 9 

78.6 13.5-~---~-----------------------------------------_,---~---J 

77.1 

75.6 

7 3. l 

..:.. CL Silty Clay: some organics; very dark 
: gray; very wet to saturated; medium 
: plasticity; medium stiff. (old topsoil) 

J._ 

J-N=5 
.l 15 -_t----.1 

: CH "--------------- 1-----1 
..:.. Silty= Clav: dark yellowish brown; 
- saturated; high plasticity; medium 

16. s_=-~ \. stiff. 

: 1 Limestone: weathered and broken. 

~~ 
19 -p;~ 

- L._j 
- II 
:1} 

-----------------
Limestone: hard; light yellowish 
brown. (oossibl'?. Wint8rs~t Limes~one) 

7 

-

W=27. 3 
0=94. 9 
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PROJECT 
WICHITA TESTING LA BORA TORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wocl\ota , K o.nsas 

Borin; Method: 6-ln. continuous fll;ht auger Standard Penetration Test Bo rlnQ No. 

Undisturbed Soil Sampler: 3-in.o.d. thin-walled lube 140-tb.Hammerl 30-ln.Fall t2·1n.a.d. Split-barrel Sampler Sheet 2 
2 

af 2 
w•Me>islure Content,"· O•Ory Oenslly, pcf Penetration Resletance: N•Biows per foot Oate:4-18-78 

Elevation Depth Group 

- 72. 1 

70.6 

2 
Q Symbol 

~g 
21. 5_ 

--------------
67.1 25 -

--
~ 

-
-

-: 
-

...:. 
--------

.....: 
--
--------
: 
-

-:: 
---

-:: 
--

....: --------
-= -------------·-

Description af Materials 

Limestone: as before; but shaley; 
dark gray and hard. 

Shale: dark gray with thin limestone 
stringers. (possible Stark Shale) 

Sample Blows 
No. 

-

-
-
-

Remark a 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

Materials En~lneers National Zinc Company 
Wicllota Kansas Cherryvale, Kansas 

8 ORTN G l~OG 
8orin9 Merllod: 6-ln. canllnuou1 fll9hl OU91r Slandard Penerrarian T e s I Bo rln9 N a. 3 

Undislurbed S oi"l Sompl er: 3-in.a.d. thin-walled tube 1.;0-lb.Hammerl 30-ln.Folll2-in.o.d. Split-barrel Sampler She e I 1 of 2 

w•Moisrure Content, "'·l D•Dry Density, pet Penetration Reslslance: N•Biows per too I Dot•A-11-78 

Elevorion Depth Group Description of Mareriols Sample Blows Remark a 

r--91.3 0 
Symbol No. 

- Fill: cinders, brick, clay tile, etc. 

90.3 l ~ 

-cH Fill: silty clay; dark yellowish brown, - grayish brown, reddish brown and -- gray; wet; high plasticity; stiff to : 
- medium stiff with depth. 8 W=25. 5 

-: ~ 
D=94. 8 : 

r-L 87.3 4 -
-cL Fill: silty clay; very dark brown and _L N=S : 

-= yellowish brown; wet with saturated 3 
- seams; medium plasticity; medium - W=28. 5 - stiff. -= 9 - D=95. 5 ---- Water Level@ 7. 7' 
- (Elev. 83. 6) After 

83.8 7.5 : 
CL. Silty Clay: very dark gray with some 24 Hours 

83. 3 8 - 10 ~ - cif i\rganics; wet; medium plasticity; med. W=24. 3 
: stiff to stiff. (old topsoil zone) D=98. 0 

82.3 9 - r-1--- _. 
Silty Clay: dark gray with lime - ~ N=8 -- ~oncretions; wet; high plasticity; 4 -= , medium stiff to stiff. 

r------
80.3 11 - As above but dark yellowish brown. r-

=cH 1\ . 
- Gravelly Clay: 20% fine to medium -= - gravel {chert); dark yellowish brown; -- wet; high plasticity; stiff. 11 W=22.4 --: D=107.6 

77.8 13.5: 
-

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

~ 
~ 

: 
--

~ --
74.8 16.s-

~ 
Limestone: light yellowish brown; --
fossiliferous; medium hard. 

~ ---

II 
(Winterset Limestone) -- t-

...: r--
-·-
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PROJECT 
WICHITA TESTING LA BORA TORIES Lagoon Embankment Evaluation 

National Zinc Company 
<thenyvale, Kansas 

Materials Enoineers 
Wichola K a "s Cl s 

- -
BORING LOG 

Se~ring Method= 6-ln. continuous IIIQh I CIU Qlt Standard Pe·netratlan Test Sa rlnq N a. 3 
Undisturbed Soi'l Sampler: 3-in.o.d. thin-walled lube 140-lb.HGmmerl 30-in.Fall jz-in.a.d. Split-barrel Se~mpler Shut 2 al 2 

w•Mo-isture Content,"·' O•Ory Density, pel PenelrGIIon Resistance: N•Siaws per fool Oate:4-ll-78 

Elevation 

1-71.3 

69.3 

68.3 
67.8 

66.3 

Oa pi h 

20 

22 
: 
-

23 -: 
23.5: 

25 

------
..: 
--

...::. 
----

-:: -------------= --
-----

...::. 
-------
: 

---------: 
-------

....: 
--------

....:. 
-.--

Ciraup 
Symbol Oucrlptlan of Materials 

Limestone: gray; hard. 

Shale: dark gray (possible Stark Shale) 

.:..c.:oakar.e.o Y..a.. 

Shale as before. 

Somplt Slows 
No. 

1-

1-

-

-

1-

-

Remarks 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

Na tiona! Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wichita , Kansas - --
BORING LOG 

Sarin~ Mtlhad: 6-ln. continuau1 fll~hl au~tr Standard Penetration Test BorlnQ No. 4 
Undisturbed Soil Sampler: 3-in.a.d. thin-walled lube 140-lb.Hammer,30-in.Foll 12-in.o.d.Splll-barrel Sampler Sheet 1 af 2 
w•M()islure Content,"· D• Dry Density, pcf Penetration Resistance: N•Biaws per fool Dote: 4-11-78 
Elevation 

f-92.1 

91.1 

88.1 

84.6 

80.1 

77.6 

76.6 

7 50 1 

72. 1 

Depth Group 
Symbol 0 

1 

4 

-
: CL ---
---

-: 
: 
-
:CH& 
"CL -= ---

...: 
------

Description of Materials 

Fill: cinders, brick, clay, tile, etc. 

Fill: silty clay; dark yellowish brown, 
gray and reddish brown; wet; medium 
plasticity; medium stiff. 

Fill: silty clay; very dark gray and 
dark gray; wet to saturated in seams; 
high and medium plasticity; medium 
stiff . 

Sompl e Blows 
No. 

Remark I 

12 

-

-

,__L 
J_ N=8 
~ 

W=25.4 
D=97 .9 

7.5 : -+--------------------------~------;13 
...: CH Silty Clay: dark yellowish brown with 

W=25.7 
D=96. 9 

: w/ iron stains; wet to very wet; high -...: CL plasticity; with medium plasticity 
: '\1 zones; medium stiff. 

-= -
: 

-= ---

1---1--1 Water Level @·g. 5 r 
_L (Elev. 82. 6') After 

3 24 Hours · 
---:-- N-7 4 -

1----+----i 

14 - W=27 .1 
D=92. 8 

12 ---+----+-----------·----·····-··---------1 ~ 
"CH : --------

14.5: 

Gravelly Clay: 20 to 25% fine to 
medium gravel; dark yellowish brown; 
very wet; ·high plasticity; stiff. 

As above but saturated. -= 
15.5: 

-:
::~g~~~------------------------------------_, 

Limestone: broken and weathered. 

17 --------
-: ·I 

20 ·= -,.J~ 

Limestone: light gray; hard. {possible 
Winterset Limestone) 

-t N=10 
-

-

-
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PROJECT 
WICHITA TESTING LABORATORIES 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
Wic:hilo K on s as 

Borino Method' 6-ln. c:anllnuoua fiiQht auoer Standard Penetration Test Borlno No. 4 

Undisturbed Soil Sampler: 3-in.o.d. thin-walled tuba 140·1b.Hommerl30-ln.Foll 12-in.o.d.Spllt-borrel Sampler Sheet 2 of 2 

w•Moisture Content, "·I D•Dry Density, pcf Penetration Resistance: N~Siows per fool Dote: 4-11..:.78 
E Ia v a I ion Depth Group 

Ducrlpti on of Materials Sample Blows Remark• 
f.- 72. 1 20 Symbol No. 

As before. 

71. 1 21 t--b . Limestone: sandy and shaley; dark -
- qray. t-· - -: 
-

-: r-

: 

I 
- r-----...: r----- ~· 

.. 

..::. r--: ':-lr 
- . 

-: . 1-

: . 
..::. r-·-
: . 

63.1 29 - . 1---- Shale: fissile; black; hard. 
fnnc:cdhl,:. !=:t::~ .. t- !=:'h::~l.:>l 62.1 30 ·-

: 
-- -
- .-

..::. --
--- ~ 

---- r----
_: 1--

: -
- ~ 

_: 1-

-
- 1---
-
-.-

Firr11rP ~"" n~; 11 ,..,..~ o.,. 'Ari11;~- n r-:---· 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials En<Jineers 
Wic:hita K ~."sa s 

s-O~ IN G. ·LoG 

Bar in Q Pol e I hod: 6 ·In. c: on II n u ou 1 I II Q hI au Q 1 r Standard Penetration Tesl Borin; N a. 1 

Undisturbed Soil Sampler: 3-in.o.d. lhln-walled lube 140-lb.Hammerl 30-in.Falll2-ln.o.d.Splll-barrel Sampler Sh111 1 0 I 1 I 
w•Moislure Conlenl, "~•I D•Dry Density, pc:l Penetration Resl11anc:e: N•Biows per fool Dare: 4-11-78 

Elevation De plh Group 
Symbol Desc:rlplian ol Male rials Sample Blows 

No. 
Remarks 

f-91.7 0 -- Fill: cinders, brick, tile, etc.; loose. -
90.7 1 1-

8 6. 2 

85.2 

84.2 

82.7 

79.2 

76.2 

75.2 

73.7 

71.7 

---------------= 
~. 5 -

CH Fill: silty clay; dark yellowish brown 
mottled with -very dark brown and 
grayish brown; wet; med. plasticity; 
stiff. 

- As above but saturated in seams. 

f-----1-

1 1-

~ 
__:z_ N=13 
_§_ 

-
~ 5 -6 • :J.C_H_..,_S_il_ty_C_la_y_:_v_e_ry_d_a_r_k_g_ra_y_a_n_d_d_a_rk __ , 

--

W=23. 6 
0=101. 5 

7 . 
5 

-:J.----i grayish brown; wet to saturated in 
_ CL,_ [\Seams; high plasticity; medium. stiff to 1---·t

V I \stiff. (possible fill) 

Water Level @ 8. 0' 
(Elev. 8 3. 7) After 
24 Hours 

··--·- .. ------- Silty Clay: very dark gray; minor 
--+C-H--.~r\organics; saturated; med.... pta:sticity; 

- 1 \medium stiff. (old topsoil zone) -
: Silty Clay: dark yellowish brown; -_: saturated; high plasticity; medium 

stiff. ----
12. 5 : 

-- As above but some limestone gravel. 
--------

-= -
15.5 :J-Tr-4~-----~~-----~--~--~d------

- Limestone: broken and weathere . -
16.5 :,.~-+-~----------------------

:~ Limestone: light gray and hard. 
-: (possible Winterset Limestone) 

18 i_~ --1-----------------------------~-: I Shale: dark gray to gray; hard. 
-' (possible Stark Shale) -= 
: 1 -coa1 ·seam· · 

·- I I ~0 

2 

f-----
3 

~ 
~ N=7 

5 

-

-

r-

1-

W=27 .1 
D=94. 5 

W=33. 4 
D=87. 6 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Chenyvale, Kansas 

Materials Enc;~lneers 
Wichita Kawsas 

BORING LOG 

B o r i n g M e 1 h a d : 6 -I n. con I in u au 1 f II Q h I au Q 1 r S I o n d a r d P 1 n e I r a I i an T e s I Ba rlno No. 5 
Undisturbed Soi"l Sampler: 3-in.a.d. thin-walled lube 140-lb.Hammerj30-ln.Fall 12-in.o.d.Split-barrel Sampler Sheet 1 of 2 

w•Moislure Content, 'Y. D• Dry Density, pcf Penetration Resistance: N•Biows per fool Dale: 4-11-78 

Elev ali on Depth Group 
Description or Materials Sample Blows Remarks 

1-94.1 0 
Symbol No. 

--- Fill: Cinders. -
t-----

-= -
: 
-- t---

Water@ 4. 0' --
90.1 4 - \7 f-

After Drilling. -- As above but saturated. (perched in cinders --= t- above silty clay} -
: 

-=- --
87.6 6.5 --CL Sil~ Clay: very dark grayish brown; r--: - very wet; low to medium plasticity; -- . .m.ediuiiLS.tiff------······-··--·--·· _ .............. .,... 
86.1 8 -- CH Sil~ Clay; brownish gray with olive -- yellow and iron staining; very wet; t--- medium to high plasticity; medium ---= stiff. f.--

: -- t----
82.1 12 - r--- As above but yellowish brown with --

light gray to gray mottling; iron stain; -
:--- 10 to 15% coarse sand; stiff. ---- t-----= f.-

-- . 
-78.1 16 - t-- As above but with 15 to 25% gravel. : 

77.1 17 - t--

~ --
brown; weathered - Limestone: yellowish -- medium hard. t-----

7 5. l 19 - --- ···--------·--- ... - -- Limestone: yellowish brown to light -~ - gray; hard. -
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
WoCIIIICI , K ClftSCIS 

s·oRING-lOG 

a or i n Q M e tho d : 6 -In. con II n u 011 1 Ill Q h t a 11 Q 1 r S 1 a n d Cl r d P e n e 1 r Cl II a n T e s I B or inQ No. 5 
Undist11rbed Soil Sampler: 3-in.a.d. lhln-wCIIIed lube 140-lb.HCimmerl 30-ln.FCIII 12-ln.o.d.Splil-barrel Sampler Sheet 2 of 2 

w•Moislure Cantent, "1.1 D•Ory Density, pcf Penetration Reslstonce: N•Siows per fool Date: 4-11-78 

Ele•otion 

1-74.1 

72.6 

71. 1 

68.1 

64.1 

Oe pi h 

20 ------

Group 
Symbal 

Description of Materials 

Limestone: as before. 

21.5~-~~----------------------------------------------~ --- Limestone: shaley; medium hard. 
-

23 -
--- Limestone: hard. 

...: ---
.....: ---

26 -
-- Shale: dark gray; hard. ------

...: ---

...: 
Calcareous ---

30 -
--------...: 
-
: 
------

-: 
--

...: ------------------
...: ---·-

Sample Blows 
No. 

t-

-

1-

1-

t-

t-

-
-

t-

-

Remarks 
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WICHITA TESTING LABORATORIES 
PROJECT 

Materials Engineers 

8 OR+N G ·-LOG 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

BorinQ Method= 6-ln. continuous fiiQhl OUQir Standard Penetration Test BorinQ No. 6 

Undisturbed Soli Sampler: 3-in.o.d. thin-walled lube 140-lb.Hommerl 30-ln.Foll fz-in.o.d. Split-barrel Sampler Sheet 1 of 2 

w•Moisture Conlenr, '1. O•Ory Oensily, pel Penetration Reslsranc1: N•Biows per fool Oate:4-12-78 
Ele • arion 

-94. 1 

89.6 

88.1 

85.6 

82.1 

80.6 

78.6 

77.6 

74.6 

Depth 

0 ----
-: 
--

-

-
-

Group 
Symbol O•scrlption of Materials 

Fill: cinders and ash with brick· 
and tile rubble; saturated @ 3. 0'; 
loose. 

-: \7 
4.5 -

....: CH ---
6 -= -----

- -
::-

-

Silty Clay: very dark gray; traces of 
fine sand; very wet; medium to high 

- plasticity; medium stiff. 

'-----------------------------------------------
As above but olive gray, gray and 
yellowish brown mottled. 

8.5 ------~----------------------------------------1 
..: CH Silty Clay: yellowish brown mottled -- with light gray to gray; very wet; high -

....: plasticity; medium stiff to stiff. 
-
: 

..:. 
---

12 -= -
: As above with 20 to 25% limestone 
-- gravel; stiff. -

13
. 
5~R --.Limestone: yei~~~~~~- b~~:;:;· ~~~~~-

: and weathered. (possible Winterset 
_.: Limestone) 

--
15 · 5 : Limestone: light gray; hard. - . 

16 . 5 :_ (~~~-~~rs_et __ ~~m_e_s~?.n~_) ___ ---------------

--

-- As above but broken in part. 

-
~jj 
D - ., 
f-""· 

19 5 I ... 

'td Lt m~stone: hard. (Winterset Limeston~ 

Sample Blows 
Na. 

r-
, 

f-

1-

1-

t-

f-

1-

1-

f-

f--

... 

,_ 

r-

r-

f--

f-

... 

.. ,_,, ... , .... 7 r"''-: I ' - ..J !"" •.• 

Remarks 

Water@ 3. 9' After 
Drilling 
(Perched above 
silty clay) 
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WICHITA TESTING 
PROJECT 

LABORATORIES 

Materials Engineers 
Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Wichota Kansas 

BORING. LO.G 

BarinQ Method: 6-ln. c:antinuaua IIIQht OUQer Standard Penetration Tesl BarlnQ No. 6 

Undisturbed Sail Sampler: 3-in.o.d. thin-walled lube 140-tb.Hammorf30-in.Fall 12-in.a.d.Split-barrel Sampler Sheet 2 of 2 

w•Moisture Content, %1 O•Ory Density, pel Penetration Resistance: N•Biaws per foal Oale:4-l2-78 

Oescrlpllan of lolalarials 

Limestone: as before. 

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

Sample Blows 
No. 

1-

1-

1-

1-

1-

1-

-
1-

1-

1-

1-

1-

Remark a 

Figure 7 c Drilled By: William R Gies""!! 
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PROJECT 
WICHITA TESTING LABORATORIES Lagoon Embankment Evaluation 

National Zinc Company 
Cherryvale, Kansas 

Materials Engineers 
W•cllila Kansas 

Borino Mttllad= 6-in. contlnuou• flloht auo• r Standard Ptnetration Ttst 

Elevation Oe pth Group 

)1--92.0 0 
Symbol 

----91.0 1 -- CH -....: 
-
: 
------88.0 4 - CH ---= 
: --
-
-85.0 7 - CL 
-84.0 8 - CH -

85.0 9 
- CH 

-= -
-

-
: 

----
-

7 8. 5 13.5 
Crl 78.0 14 

-
--

-

-

-

----:.. 

Otscrlptian of Materials 

Fill: cinders. 

Fill: siltv clav; dark brown mottled 
with dark yellowish brown and 
reddish brown; wet; high plasticity; 
stiff. 

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

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

', stiff. (old topsoil zone) 
Silty Clay: dark gray; very wet; high 

1"\lasticity; medium stiff to stiff. 

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

Weathered Limestone. 

Sample 
No. 

I 

Blows 

r-

r-

r-

r 

~ 

r-

r-

r-

r-

~ 

i-

r-

r-

-

r-

Barlno No. 8 

Remarks 
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PROJECT 
WICHITA TESTING LABORATORIES 

Materials Engl"neers 
W•ch•la Kansas 

BORING LOG 
BarinQ t.lelhad: 6-ln. conrinuaua fll9hl OUIJir 

Lagoon Embankment Evaluation 
National Zinc Company 
Cherryvale, Kansas 

Standard Penelrallon Tesl BorlniJ No. 9 
Undisturbed Soi"l Sampler: 3-in.o.d. thin-walled lube 140-lb.Hammerl 30-ln.Fall 12-ln.o.d. Spill-barrel Sampler She e I 1 0 f 1 

w•Moislure Conlenl, "·I D•Dry Density, pcf Penelrallon Resistance: N•Biows per fool Dare: 4-12-78 
Elevation 

st.f-92.0 

91.0 

88.0 

87.0 

85.5 

77.0 
76.5 
76.0 

De pi h Group 
Symbol 

Description of Materials 
0 

1 

4 

5 

----
--
-CH ...: -
: 
-

-: 
: -

Fill: cinders, brick, tile, etc.; 
loose. 

Fill: silty clay; dark yellowish brown, 
brown and grayish brown; wet; high 
plasticity; stiff. 

: CL Silty Clay: very dark gray to dark gray 
: with some organics; saturated; medium 
: CH !\Plasticity; soft to medium stiff. (old 
: 1 \ topsoil zone) -

Silty Clay: dark gray; very wet; high 
-1'\lasticity; medium stiff. 

6. 5 : 

-:: 
: 

-= : -----
: 

-: 
: 
-----

...: -: 

...: 
: 
: --
: 

As above but dark yellowish brown and 
stiff. 

15 -= t' 
7 

- ·" Saturated. i ~ · 5 -~-· ·-+-~w=ea=..::th=-e·:..;:r::..;:e:....:d;__L_i_m_e_s_t_o_n_e ___ --·-----·--·-- ----

--
...: 
: -----

-
: 
--

Sample Slows 
No. 

15 ~ 

1-

1-

r-

~ 

I--

1-

1-

1-

-

-

Remarks 

W=30. 5 
0=90. 6 

! 
' : 
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Appendix.4 

Slug ·Test Data and Graphs 



-------------------
Cherryvale, KS 
8/4/2003 

1. 

0 
:I: 
~ 0.1 

0 

~ 
0:: 
"0 
nl 
CD 
:I: 

0 

Hydraulic Conductivity= 2.252e-005 em/sec 
Transmissivity= 0.1483 m2/day 

Project Number 1804-002 
Analysis by Starpoint Software 

Cheri)Vale, KS 

• • • • 

Time Lag 

25/1112003 

Hvorslev Graph 
MW-5 

Time Lag = 3141 seconds 
Shape Factor= 2.865 
Partial Penetration Case A 
Analysis starts at time 60. seconds 
Analysis ends at time 110. minutes 
25 Measurements analyzed from 1 to 25 

• 
• 

Adjusted Time (hours) 

Ho is 2.51 feet at 60. seconds 
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,
1 

Cherryvale, KS 
8/4/2003 

1. 

0 
:I:. 
~ 0.1 

0. .. 
111 
0::: 
"0 
111 
Q) 

:I: 

0 

• • 

Hydraulic Conductivity= 1.212e-005 cmfsec. 
Transmissivity = 9.572e-002 m2/day 

Project Number 1804-002 
Analysis by ·Starpoint Software 

Cherrwaie,.KS 

• • • • 

Time Lag 

25/1112003 

Hvorsl.e.v Graph 
MW-8 

Time. Lag= 2788 seconds 
Shape Factor= 6 . 
Partial Penetration Case A 
Analysis starts attime 60. seconds 
Analy$is enps a.ttime·91 .. minL:Jtes 
22 Measurements analyzed from 1 to 22 

• 

• 

• 

Adjusted Time (hows) 

Ho is 0.69 feet at 60 .. seconds· 
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Appendix.S 

Groundwafer S~rnpling Field Data, She~ts and Laboratory A-nalytical 

Reports 
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FJELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME:___j~~~~-----· PROJECT NO: J3t)t.)-f152- 2~ 
SAMPLER NAME:_~~~~--- PERSON PRESENT: ______ _ 

WEATHER:----!::::~~:...__ AIR TEMP· f)r-3" ~ U\ST PRECIPT -------
v Vw.~i-~k 

: O .... n:; ... NO liME w .... 7ER 

, 
' I 

q/:;J/o3 ;j,·r~ ii.J~!JJ"1. .'4~3o 'f b.J!o3 1 "~- :os lcrA.thJ ;s: tNJ ! 
I 

'1 h.M. 1 k.: yo !c, In/" 3 tl._:o~ l 
'~, 

I TCFI OF" C..>..SING El..::'l. 

' 

!.~0-E~?T_H_T~C=W .... _T_ER_I_0~-1 ~-7~~~~----~-~~~-~-2----~-~-·-~---+J~, __ 3 __ ~III 
; TCT .... L- OEPTH ITOI I 'l3 ~'-/,I J~.35 J6.tJ I 

:II--RE-::IU-IRE...........-..0 FI~URG----E v_CI...-UME-+--.....:.......;.q,......,...s._-+-_/ L......:......-) ~~& ....:......9 ---+---'j~].--Lq....L...j--f---~~ll 
! "ICI...UME FIURGEO I 

COL.CA 

COCA 

I PUAGING/SAMF"I..ING FI ...... N :p/ ?" 1/d ~ I 
I 

... NO PAOCEOUAES ~ 

I'"CI..L.OWEO-:> 

NOTE: ________________________ _ 

Volume calculation: 2" - 0.163 ~all ft. J" - 0.367 gal/ft. 4" - 0. 653 gallft {((TO..QTW} x gaUftJ x 3} • J.S gal = volume to avac. 
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~~CJECI N,l..'.i~ &fc.r ... l/t!U"= PROJECT NUI'v16E~ 
~~~~~~~--------------- -------------

SAiVlPLE~ N..l.~IE -~:1lM..co~----------- PE~SON PRESENT------

'NEA T~E~ (!/e4;L r.'I"'"-A\181ENT .J.IR T:::'<1F. .J ' ·s- "'R<=_,,., ______ _ __.._ ____ ........_ I r-. -·-or-. 

~.::JC.:..I1CN 

- ''1'"" 1 ·"lG •t<= . --·, -~~ ~I""'\ I\!:-_;,· - :\1 i;l;. • • ~'-l..l : . 

' '~~ .. j ~kr 
I 

!""Z6'.ol I 1.{ 2~ l 11.6 '3 
,.,,.---r---· ·--.!.· ;n ''~ ,. ~"'~' ==:_;:~=-: ~ KoU !v~ '/1.1 > I 11. o~ 

: VOLUME TO I (J / 

' :-1 AC:.JA 1::: l 15, () 11.'1... ! { 0. g 
: ?L.;Mi= RA 7::: 'NHL.: ,. i I 
!~~~~~~R~G~:N~G~~--~----------~----------~;-----------~----------~11 

Si.J8S7 ANC:: :N 

:1.\D 1 '3" 1 1. u 7. ?q I'· z.t 7.21../ I(. tr r.f/ 
s.:..v1F~INGSF:·::~iC "'~w 640 1'1.0ii'O 1.11oo 1 1.ooo tlAo 1 -z.~oo "L/00 
CONCUCIA.NC~ @ D o/0 i'l.t:too / 2 9 Oo ; 1..3do 1.. -zoo J 1.. Z.fJO 7..4 oO ' 

OOCR . / / / 
1\Jo~e, ! /\lo ~ t S t:'t If \j_ I h o~~ 

~iE!..O TR=..J.. T~1E:VT 
I= RES C:~V A TiCN 
PURGiNGiSAMP!..!NG 
PL..l,N 

v 
VOt...:.JI'4E ~r...=~~~CN: 2~ - (j_-l-6.3 c;r.../FT • .3'' - 0 . .3S7 ~r.../F'i. 4~- O.SSJ C,1..WF'i 

{ (('i'NQ-wO I X C..a.r.../FTl X .:J} + .:J. 5 ~'- = VOL.Ui"'E TO E'l "'C. 

ONe: 3..a.l~~ = 0. 2 4 ~'-------------------
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FIELD WATER QUALITY SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME: _ __,(_=-·· __,_1\e:..:.' r_._rt"+J ..II..!" ~:..:..1.\e:......· 
7
.,._. --~.K~S~-- PROJECT NO: 1 s c LJ-co-=< 

SAM PLE R NAME : _ __,()_.·-'"'"'o,:.>...:v:.....:.I..:..V\:~..--__,< J.:....:OI;_;_I.M.~r-~.L- PERSON PRESENT :_.,..C:...o.c.....wL~"'~T--=l;/''-"t-="~· .:1-"-L·IL..v (._ 
I ) 

WEATHER: ( kv ;\1 AIR TEMP:_(....,.O._"._F_ LAST PRECIPT. __ 2.,'-LI.b~"s.:.....·----

LOCATION !STATION NO.I 

M lU-L-l H~U-~ /Vttl-il MW-7 
DATE AND TIME WATER 

uJ,q,J,,..,_, il ;,L, lr: 3 ~: 2.5"" r/,c.../f': ~ y ,;(1--. JJJ';<:J/~3 ~ . .3s-LEVEL MEASURED ~:IC::: 
I I I I .I r '( { 

DATE AND TIME PURGED 

DATE AND TIME SAMPLED 

SAMPLING METHOD 

TOP OF' CASING ELEV. 

DEPTH TO WATER IDTWI 

'-/.'-Ill 3.~~~ 10191.' <l ,'3:( I 

TOTAL DEPTH ITDI 

REQUIRED PURGE VOLUME 

VOLUME PURGED 

THICKNESS OF' NAPLIDNAPL 

SUBSTANCE ON WATER 

SAMPLING TEMP. 

SAMPLING PH 

IINST. NAME I 

SAMPLING SPEC. COND 

IINST. NAME I 

COLOR 

ODOR 

SEDIMENT 

F'IELD TREATMENT 
PRESERVATION 

PURGING/SAMPLING PLAN 
AND PROCEDURES 
F'OLLOWED? 

OTHER 

NOTE:---------------------------------------------------------------------
Volume calculation: 2" - 0.163 gal/It, 3" - 0.367 gal/It, 4 • - 0.653 gal/It {[(TD-DTW) x gallft] x 3} + 3.5 gal = volume to eva c. 
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' 

FIELD WATER QUAL_ITV SAMPLING AND ANAYLSIS DATA SHEET 

PROJECT NAME:_-=(__== ... __,t\=e..r:....L . .f....l.<.t)~--"~t..::.:·v...-l.lo\e....,7._, ....~.....k.o:....:S.-<...,-____ _ PROJECT NO: . / '% (j L[-DO "=<_ 

sAMPLER NAME:--''"""'G._.·· u.C<.>-:\V:......:.~....:...-1:'\~-_____,<)"--_ OI::._·_;_IM."'""r'-s;.L.. _ PERSON PRESENT: Q !:= 4c..1 Gt v o/ Vti I 

WEATHER: ( lov r.\1 AIR TEMP: {0' ( LAST PRECIPT. __ 4,,.:..t.h._._v-'-s_._ . ........__ __ _ 

LOCATION .IST~TION NO.I 

r1hV -I \~ U;- :)..S -+-t w~.:iiJ t-hU-~ 
DATE AND TIME WATER 

u/,a../,) ~ ·;,./,j,~ ltlrJt:~ /( l:~!J"j 3 .l' '1 LEVEL MEASURED _;·.ocr~ -"1 >o.;c '" 3·0 ch 
I I .( I I I 

' 
DATE. AND TIME PURGED 

DATE AND 1'1ME SAMPLED 

SAMPLING. METHOD 

TOP OF" CASING ELEV •. 

DEPTH. TO WATER ·IDTWI 
. 

Lf, l'-1 l 1~5S' /0./3
1 

3,..) "3> I 

TOTAL DEPTH ITOI 
' 

REQUIRED ,PURGE VOLUME 

VOLUME PURGED 

THICKNESS OF" NAPL/ONAPL. 

SUBSTANCE ON WATER 

SAMPLi.NG TEM.P. 
. . 

. 

SAMPLING PH ' 

liNST. N;41.ME I I 

·SAMPLING SPEC• COND 

IINST; NAME I 

COLOR 

ODOR 

'S.EDIMENT 

F"IELD TREATMENT 
PRESERVATION 

PURGING/SAMPL!ING PLAN 
AND. PROCEDURES 
'F"OLLi:JWEO? ... 

OTHER I 

NOTE::--~------------------------~------------------~----------------------
Volume calculation: 2"- 0:.163 gallft, 3"- 0:367 gal/It, 4"-' 0.653-gallft {[(TO,DTW) x gallft) x 3}'+ 3,5 gal.=.volume to evac. 
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I' 
··I· 
I, 
1: 
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I 
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FIELD WATER QUALITY .SAMPL:ING AND ANAYLSIS DATA SHEET 

~PROJEC:r NAM_E:_.,....._...;;;C~t~s--"-~~._,c.,t..:....:::vc..:..;;_;\'-=e.....,.._ """'--'f(~,_S.:.:;_• _, ------' 
. - 4 / 

PROJECT NO: IS QL/--Q(\') . ...... 

SAMPLER NAME :---'--=b--=-~'-v__,_,·lf\;,'-"'. ·~-'-'-.,)_01_\I'Y\_· _f '::>=-·· _ PERSON PRESENT: 0 Erfv'S 1v / 

WEATHER: C \u v J~ AIR TEMP: )0 ~ ( LAST PRECIPT. __ 3~l-"-.~'--v ..... s __ _ 

LOCATION !STATION NO.I 

i"\ ~1/-~ 1 tv- cr ' ; -tv-:). TVV-~ 
:DATE AND' TIME WATER 

1rlr4./c.3 ,,h~/t-.3 lJ)~hl"3 I 1/J<t>J o 3 <7~:' SG> LEVEL MEASURED ?:1""1 "i....JJ.<-- q,'[:'f: . . . 

I .( I t -· I { 

DATE AND:TIME PURGED 

DATE' AND TIMf;'SAMPLED 

SAMPLIN_G· METHO_D 

TOP O_F" CASI.NG .EL.EV. 

DEPTH TO INATER CDTWJ 

3 .·7._5 1 &; .s-?, 6. ).g' ~:0'1' 
TOTA,L [)EPTH ITO.J 

REI;IUIRED PURG.E VOLUME. 

VOLUME PURGED 
. . 

I 

THICKNESS OF" NAPL/ONA_PL 

SIJBSJ"ANCE ON WATER 

SAMPLING·TEMP. I 

SAMPLING PH 
-

CINST. NAME l 

SAMPLING SPEC. CCND 

IINEIT. NA_ME: l 

COLOR 

DOOR 
-

SEDIMENT 

F"IELD ·TREATMENT 
.. 

PRES.ERVATii:JN 

PURGING/SAMPLING PLAN 
AND PROCEDURES 
F"CLLC\YED?' 

CTI:fER 

N.OTE:'-. _......;...--------------------------------

Volume calculation: 2"- 0: 163.gallft, 3" -.0.367 gal/ft, .4"- ·0.653 gal/ft {[(TD-DTW.)x gallft]x 3} + 3.5 gal = volume to·evac, 

---- - ----~------------------~----------------------
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

lrfan Taner 
A & M Engineering 
10010E.l6thSt. 
Tulsa, OK 74128-4813 
TEL: (918)665-6574 
FAX ( )665-6576 

RE: Cherryvale 

Dear lrfan Taner: 

SHERRYLaboratories 
Testing Today- Protecting Tomorrow• 

August 13, 2003 
Order No.: T03080064 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 6 samples on 8/7/2003 for the analyses presented in the following 
report. 

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 
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PARAMETERS 

Arsenic 
Cadmium 
Chromium 
Lead 
Silver 
Mercury 

Approved by: 

SHERRYLaboratories 
Testrng Today- Protecting Tomorrow·· 

QA/QC REPORT 
A & M Engineering 

. SAMPLE # T03080064 
BATCHQC 

: .MS.· 
' ' 

LFB,.'.'· o_4 REC~ . ' ,,,. 
~ 

'' '•, 

101 98 
105 103 
104 103 
102 104 
102 101 
110 100 

SHERRY LAB ORA TORIES/OKLAHOMA 

~D= 
Laboratory Director 

MSD 
%REc.· : •' RPD 

98 0.01 
104 0.8 
104 1.2 
105 0.4 
102 1.0 
102 1.5 



I 
I 
I 
I 

6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03080064 

Cherryvale 

SHERRYL..aboratories 
Testing Today- Protecting Tomorrow 8 

Date Received: 817/2003 

Date Reported: /3-Aug-03 

Fax: {918)828-7756 

(800)324-5757 

Lab ID: T03080064-01 

I Matrix: AQUEOUS 

Collection Date: 8/6/2003 3:31:00 PM Sample ID: MW #S 

Detection Date 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Analyses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

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

Matrix: AQUEOUS 
Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

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

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 

E245.2 

Detection 
Limit 

0.000100 

E200.7 

Page 1 of2 

0.0050C 

0.00100 

0.0100 

0.00500 

0.00200 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

Analyzed Analyst 

KR 
8nt2003 

KR 
8/8/2003 11:27:52 

8/8/2003 11:27:52 

8/8/2003 11 :27:52 

8/8/2003 11 :27:52 

8/8/2003 11 :27:52 

Date 
Analyzed Analvst 

KR 
8nt2003 

KR 
8/8/2003 12:01 :55 

8/8/2003 12:01 :55 

8/8/2003 12:01:55 

81812003 12:01 :55 

8/8/2003 12:01:55 

Date 
Analyzed Analvst 

8nt2003 

8/8/2003 12:06:50 

8/8/2003 12:06:50 

81812003 12:06:50 

8/8/2003 12:06:50 

8/8/2003 12:06:50 

KR 

KR 

This document shall not be reproduced, except in full, without the written approval of Sherry Laboratories, Inc. 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03080064 

Cherryvale 

SHERRYLaboratories 
Testing Today- Protecting Tomorrow" 

Date Received: 817/2003 

Date Reported: 13-Aug-03 

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

Fax: (918)828-7756 

(800)324-5757 

·1 Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Analyzed Analyst 

I MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 8/7/2003 

I 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 

I 
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 

I 
Lab ID: T03080064-05 Collection Date: 8/6/2003 Sample ID: Duplicate 

Matrix: AQUEOUS 
Detection Date 

I 
Analvses Result Limit Units Analyzed Analyst 

MERCURY IN WATER, TOTAL E245.2 KR 
Mercury < 0.000100 0.000100 mg/L 8/7/2003 

I 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 

I 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 12:1 f?:43 

I Lab ID: T03080064-06 Collection Date: 8/6/2003 Sample ID: Equip. Blank 

Matrix: AQUEOUS 
Detection Date 

I Analyses Result Limit Units Analyzed Analyst 

MERCURY IN WATER, TOTAL E245.2 KR 

I 
Mercury < 0.000100 0.000100 mg/L 817/2003 

METALS IN WATER BY ICP, TOTAL E200.7 KR 
Arsenic < 0.00500 0.00500 mg/L 8/8/2003 12:21 :40 

I 
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 8/8/200312:21:40 

I Page2of2 

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

I 



A & M ENGINEERING (ffi] SANPUNC FIRM I CLIENT CONTACT II PtiONE NUMBER 

AND z; ~A /~t::L 11111 ees.em 
ENVIRONMENTAL SERVICES, INC. .M. A & M ENOINEERINO 

TU..8A, OICL.AHC.lUA PRo.£CT NUMBER I PRO.£CT NANE 

~ - ENVItON.ENT AI.. - COHST'AUCT10N 19b'/"d#l• "2•) ~£~1141<:. 
10010 E. 16th Street - TULSA, OKLAHOMA 74128-4813 

, 
I ANAL YnCAL TESTS REQUIRED I 

TEL: (918)665-6575 FAX: (918}665-6576 E-Mail: oondmCoondmen.,;Jineerln9.COm 

SAMPLERS: (8lg1111lu,.) 

·~J~ I 
// 

!&.P. 
NO. Of RUSH ? 

STA. NO DATE nME GRAB STATION LOCAnON MAIRIX 
CONtAINERS YES NO v ' ~~ 

1-b.-o ~ 15:3) 11Jw i:J .5 /_, '(;) I " X '{... 't.. }1... X. X 
I 

I ' " 'i '1.. '/.. l'x" 1 ""'-oJ J S:'l? /f1GJ#8 (,'p X 
l8-h-a1 1-5":.>7 .#JW# 7 L:o I ( 'f., 'f.. '/._ ;... X. y.. ~I?L/J. 
~ -t,-<J J 11.:~ AU} IF-h 

, 
I ;( -1.. 'i. x \1 )} r () L.-o X. X. .. C) G 

$-t, ~; DCJvl:~d k_ L.\, ) IX X '/... .J- '1-- ;(._ )( 
' 

Ia""'-() 3 f~:o. &l.t!llJ(.. L'v I ~ 'A X. X.. 'j.. ( X. 
I , 

RELINQUISHED BY: j81gn•tu,.) 

1 

DATE 

1 

TIME rECEI~D BY: IBiglllltllr.) _I RELINQUISHED BY: IBifiMiu,.) I DATE I nME 
RECEI~D BY: lllg1111tu,.) 

_..,_ /1 
/ 

REUIIOUISHED BY: IBiglllllu,.) 

1 

DATE 

1 

Tlt.IE rECEMD BY: IBiglllltllr.) I REUNa.: La;:;' I DATE I Tlt.l[ 1777~~ ~ ""1 '() 3 () f.'J)- · j}Ah _, 
/ ~ r , '" -I_RELINOUISHED BY: jllg1111tu,.) 

l 1 

DAlE 

1 

TIME rECEI~D BY: lllgllllt .... , I REuAAKS: "-.__./ / 

- - - - - - - - - - - - - - - ,._,,.. -
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Altay Ertugrul 
A & M Engineering 
10010E.l6thSt. 
Tulsa, OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Altay Ertugrul: 

SHERRYL..aboratories 
Testing Today- Protecting Tomorrow~ 

September 29, 2003 
Order No.: T03090311 

Fax: (918)828-7756 

(800)324-5757 

Sherry Laboratories received 6 samples on 9/24/2003 for the analyses presented in the following 
report. 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. All relevant sampling information is on the attached chain-of-custody form. 
The initials SUB as the analyst designate any testing sub-contracted by SLO. 

Certifications/ Accreditation: OK - 7604 
AR-ADEQ 
KS- E-10232 
LA- 4002 

A scope of Certified/ Accredited parameters is available upon request. 

If you have any questions regarding these tests results, please feel free to call. 

Sincerely, 

Brian Duzan, Director 
Environmental Services 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03090311 

Cherryvale 

SHERRYL..aboratories 
Testing Today- Protecting Tomorrow 8 

Date Received: 9/24/2003 

Date Reported: 29-Sep-03 

Fax: (918)828-7756 

(800)324-5757 

Lab 10: T03090311-0I 

Matrix: AQUEOUS 

Collection Date: 9/23/2003 4:00:00 PM Sample 10: MW 5 

Detection Date 
Analvses Result Limit Units Anal~zed Anal~st 

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 10: T03090311-02 Collection Date: 9/23/2003 4:30:00 PM Sample 10: MW 6 

Matrix: AQUEOUS 
Detection Date 

Analvses Result Limit Units Anal~zed Anal~st 

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 9/26/2003 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 I of3 

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



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

SHERRYLaboratories 
Testing Today- Protecting Tomorrow• 

Fax: (918)828-7756 

(800)324-5757 

Lab Order: 

Project: 

A & M Engineering 

T03090311 

Cherryvale 

Date Received: 9/24/2003 

Date Reported: 29-Sep-03 

Lab 10: T0309031 1-03 Collection Date: 9/23/2003 4:40:00 PM Sample 10: MW 7 

Matrix: AQUEOUS 
Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Lab 10: T0309031 1-04 Collection Date: 9/23/2003 4:50:00 PM Sample 10: MW 8 

Matrix: AQUEOUS 
Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Lab 10: T03090311-05 Collection Date: 9/23/2003 Sample 10: Duplicate 

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 

Detection 
Limit 

E245.2 
0.000100 

E200.7 

Page2of3 

0.00500 

0.00100 

0.0100 

0.00500 

0.00200 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 
.. 

Date 
Analvzed Analyst 

KR 
9/24/2003 

KR 
9/26/2003 2:18:55 

9/26/2003 2:18:55 

9/26/2003 2:18:55 

9/26/2003 2:18:55 

9/26/2003 2:18:55 

Date 
Analyzed Analyst 

KR 
9/24/2003 

KR 
9/26/2003 2:48:09 

9/26/2003 2:48:09 

9/26/2003 2:48:09 

9/26/2003 2:48:09 

9/26/2003 2:48:09 

Date 
Analyzed Analvst 

KR 
9/24/2003 

KR 
9/26/2003 2:53:28 

9/26/2003 2:53:28 

9/26/2003 2:53:28 

9/26/2003 2:53:28 

9/26/2003 2:53:28 
- - --. 

This document shall not be reproduced. except in full. without the written approval of Sherry Laboratories, Inc. 
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SHERRYL..aboratories 
Testing, TodaY- Protecting.Tomor'rbwe· 6825 E' 38th Street 

Tulsa OK 74145 

(918)828-9977 

Fax:, (918)828-7756 

(800)324-57:57 

CLIENT: 

La~ Order: 

.Project: 

A & M E~giheering 

T03090311 

Cherryvale 

Lab ID: TOJ090J11'-06 ColleciiOn Date: 9/23/2003 

Matrix: AQUEOUS 

Date Received: 9/24/2003 

Date Reported: 29-S.ep-OJ 

Sample ID: Equipment Blank 

Detection Date 
Analvses Result Limit Units Analyzed Analyst 

MERCURY' IN WATER, TOTAL E245.2 
Merc;u!Y < o.0001QO 

METALS.IN.WATER BY ICP,,TOl'AL E200.7 
Arsenic < 0.00500 

Cadmium < 0.00100 

Chromium 

Lead 
Silver 

<:: 0.0100 

<.0.90500. 
< 0.00200 

o;ooo1oo mg/L 9/24/2003 

0.00500 .mg/L 9f26i2003 2:59:14 
o.oofoo mg/L 9/2fj/2003 2:59:14 

0.0100 mg/L 9/26/2003 2:59:14 
0.00500 mg/L 9/26/2003 2:59:14 
0.00200 mg/L 912612003 2:59:14 

·--·--------------- -----------------------------·--------- ··----~-:-·--·--_..:._._.::-:-·; --,._ .... -· --------- -·. 
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Sherry Laboratories 

CLIENT: 

Work Order: 

Project: 

TestCode 

HG_WW 

met_ww_icpt 

A & M Engineering 

T03090311 

Cherryvale 

Analyte 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Mercury 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Bate hiD QCType 

R15859 MBLK 

R15859 LCS 

R15859 MS 

R15859 MS 

R15859 MSD 

R15859 MSD 

R15904 mblk 

R15904 mblk 

R15904 mblk 

R15904 mblk 

R15904 mblk 

R15904 lcs 

R15904 lcs 

R15904 lcs 

R15904 lcs 

R15904 lcs 

R15904 ms 

R15904 ms 

R15904 ms 

R15904 ms 

R15904 ms 

R15904 msd 

R15904 msd 

R15904 msd 

R15904 msd 

R15904 msd 

Date: 29-Sep-03 

QC SUMMARY REPORT 

Result PQL Units %Rec %RPD 

< 0.00010 0.0001 mg/L 

0.001035 0.0001 mg/L 103 
0.000937 0.0001 mg/L 93.7 
0.001032 0.0001 mg/L 103 

0.000971 0.0001 mg/L 97.1 3.56 
0.001003 0.0001 mg/L 100 2.85 

< 0.0050 0.005 mg/L 

< 0.0010 0.001 mg/L 

< 0.010 0.01 mg/L 

< 0.0050 0.005 mg/L 

< 0.0020 0.002 mg/L 

2.017 0.005 mg/L 101 

1.995 0.001 mg/L 99.7 

1.977 0.01 mg/L 98.8 

1.964 0.005 mg/L 98.2 

0.2031 0.002 mg/L 102 

1.988 0.005 mg/L 99.4 

1.99 0.001 mg/L 99.5 

2.008 0.01 mg/L 100 

2.105 0.005 mg/L 105 

0.1993 0.002 mg/L 99.7 

1.971 0.005 mg/L 98.6 0.824 

1.985 0.001 mg/L 99.2 0.279 

2.004 0.01 mg/L 100 0.192 

2.093 0.005 mg/L 105 0.589 

0.2007 0.002 mg/L 100 0.67 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

Altay Ertugrul 
A & M Engineering 
10010 E. 16th St. 
Tulsa, OK 74128-4813 
TEL: (918) 665-6574 
FAX ( ) 665-6576 

RE: Cherryvale 

Dear Altay Ertugrul: 

SHERRYL..aboratories 
Testing Today- Protecting Tomorrow• 

October 29, 2003 
Order No.: T03l 00263 

Sherry Laboratories received 5 samples on 10/2112003 for the analyses presented in the 
following report. 

Fax: (918)828-7756 

(800)324-5757 

In accordance with your instructions, Sherry Laboratories/Oklahoma conducted the analysis 
shown on the following pages on samples submitted by your company. The results related only 
to the items tested. Unless otherwise noted, all analysis was conducted using EPA approved 
methodologies. Test reports meet all the NELAC requirements. All relevant sampling 
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: --+-~i'H-I~J/\ ____ _ 
~,Director 
Environmental Services 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

SHERRYL.aboratories 
Testing Today- Protecting Tomorrow • Fax: (918)828-7756 

(800)324-5757 

Lab Order: 

Project: 

A & M Engineering 

T03100263 

Cherryvale 

Date Received: I 0/2112003 

Date Reported: 29-0ct-03 

Lab ID: T03100263-01 

Matrix: AQUEOUS 

Collection Date: 10/20/2003 3:45:00 P Sample ID: MW #5 

Detection 
Analyses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Lab ID: T03100263-02 Collection Date: 10/20/2003 4:15:00 P Sample ID: MW #6 

Matrix: AQUEOUS 
Detection 

Analvses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

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

Matrix: AQUEOUS 
Detection 

Analyses Result Limit Units 

MERCURY IN WATER, TOTAL E245.2 
Mercury < 0.000100 0.000100 mg/L 

METALS IN WATER BY ICP, TOTAL E200.7 
Arsenic < 0.00500 0.00500 mg/L 

Cadmium < 0.00100 0.00100 mg/L 

Chromium < 0.0100 0.0100 mg/L 

Lead < 0.00500 0.00500 mg/L 

Silver < 0.00200 0.00200 mg/L 

Page 1 of2 

Date 
Analvzed Analyst 

KR 
10/21/2003 

KR 
10/23/2003 3:55:5 
10/23/2003 3:55:5 

10/23/2003 3:55:5 

10/23/2003 3:55:5 
10/23/2003 3:55:5 

Date 
Analyzed Analvst 

KR 
10/21/2003 

KR 
1 0/23/2003 4:00:4 

10/23/2003 4:00:4 

10/23/2003 4:00:4 

1 0/23/2003 4:00:4 

10/23/2003 4:00:4 

Date 
Analvzed Analyst 

KR 
10/21/2003 

KR 
10/23/2003 4:05:4 

10/23/2003 4:05:4 

10/23/2003 4:05:4 

10/23/2003 4:05:4 

10/23/2003 4:05:4 

This document shnll not be reproduced, except in full, without the written npprovnl of Sherry Laboratories, Inc. 
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6825 E 38th Street 

Tulsa OK 74145 

(918)828-9977 

CLIENT: 

Lab Order: 

Project: 

A & M Engineering 

T03100263 

Cherryvale 

SHERRYLaboratories 
Testing Today- Protecting Tomorrow 8 

Date Received: 10/2112003 

Date Reported: 29-0ct-03 

Fax: (918)828-7756 

(800)324-5757 

Lab ID: T03100263-04 Collection Date: 10/20/2003 3:55:00 P 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 10/21/2003 

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

Chromium < 0.0100 0.0100 mg/L 1 0/23/2003 4: 1 0:4 

Lead < 0.00500 0.00500 mg/L 10/23/2003 4:10:4 
Silver < 0.00200 0.00200 mg/L 1 0/23/2003 4: 1 0:4 

Lab ID: T03100263-05 Collection Date: 10/20/2003 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 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 

Page2of2 

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

CLIENT: 
Work Order: 

Project: 

TestCode 

A & M Engineering 

T03100263 
Cherryvale 

Analyte 

HG_WW Mercury 

Mercury 

Mercury 

Mercury 

met_ww_icpt Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

Arsenic 

Cadmium 

Chromium 

Lead 

Silver 

BatchlD QCType 

R16222 MBLK 

R16222 LCS 

R16222 MS 

R16222 MSD 

1628 mblk 

1628 mblk 

1628 mblk 

1628 mblk 

1628 mblk 

1628 lcs 

1628 lcs 

1628 lcs 

1628 lcs 

1628 lcs 

1628 ms 

1628 ms 

1628 ms 

1628 ms 

1628 ms 

1628 msd 

1628 msd 

1628 msd 

1628 msd 

1628 msd 

Date: 29-0ct-03 

QC SUMMARY REPORT 

Result PQL Units %Rec %RPD 

< 0.00010 0.0001 mg/L 

0.001019 0.0001 mg/L 102 

0.000935 0.0001 mg/L 93.5 

0.000966 0.0001 mg/L 96.6 3.26 

< 0.0050 0.005 mg/L 

< 0.0010 0.001 mg/L 
< 0.010 0.01 mg/L 

< 0.0050 0.005 mg/L 

< 0.0020 0.002 mg/L 

2.016 0.005 mg/L 101 

2.03 0.001 mg/L 101 

2.027 0.01 mg/L 101 

2.015 0.005 mg/L 101 

0.2011 0.002 mg/L 101 

2.023 0.005 mg/L 101 

2.052 0.001 mg/L 103 

2.032 0.01 mg/L 102 

2.069 0.005 mg/L 103 

0.2041 0.002 mg/L 102 

2.025 0.005 mg/L 101 0.0829 

2.052 0.001 mg/L 103 0.0301 

2.028 0.01 mg/L 101 0.169 

2.071 0.005 mg/L 104 0.0795 

0.2041 0.002 mg/L 102 0.0199 

1 
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A & M ENOINEEAINO [ffiJ 
AND 

ENVIRONMENTAL SERVICES, INC. M 
SAMPLING rrRU J I a.rtNf CONTACT ,, PHON£ HUUBEA 

A & M ENOINEERINO . --r- fl_ __. IIIII ees.esrs 
- ./--rnil'l /{(, ~ -

l\LBA, O«l..AHClMA PA().(CT H\AIB[A I PAO.LCl HAM[ ~~-- -- .. 1 
JPJy.J-tJO:J~o- _ d0-..;uc..Le ______ _ EHClHEEfiNQ ~TAL CONBmUCl1oH 

10010 E. 16th Slreel - TULSA, OKLAHOMA 74128-4813 
I TEL: (918)665-6575 f'A)(: (918)665-6576 E-Mail: oondmOoondmenQIIneerlnQI.COm I ANALYnCAt. l[SIS A[QUIA[O 

SAUPl[A$: (lllfllll~ /" /(,£~ I 
// 

STA. NO OAT[ nu[ COUP GRAB STATION LOCATION 
NO. or RUSH f 

IU TRIX CONTAINERS ~S NO '/ ~ R[NARKS 

11/~JJ l.f.'l/.5 /}1/A) p; .5 L.'rtJ J IJ. X :< I X J( X 
/ 

Jl'/.5 L!]_w JtJ; 
I 

:X i lj i x ld/~_1 L. ·r; l _'{ t , I , 
!X X. j( X lx' ;,/l/JhJ I~.IJ.5 IYJIAJ # 7 L.(, J >( f 

;;/~~J I .s:_ '.5' .5 111totl:l /..~ I ( 'I ~ k' ~ X li 
,:J:h DuA'll,i!e-..Lk. 

! I I f- f. f.- '1-.. 'J._ Jl. :J L.?J , / "V I 

- - - -

I 

- - - - - - - -
·- -

t-

~-

R[LINOUISHEO BY: (lllgnelureJ RELINQUI$11[0 BY: (llgnelureJ A[C[I'40 BY: (lllgftlllureJ 

Rl. .NOUISHEO BY: (lllgnelvrel 

R[LIIIQUI$11[0 BY: (llg1111tvreJ R[CEMO BY: (llgnelureJ --- --- - - - - - --------- -
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