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1.0 INTRODUCTION

This report presents results and conclusions of the Basewide Pennsylvanian Bedrock Background

Groundwater Evaluation at Naval Support Activity (NSA) Crane, Crane, Indiana. This report has been

prepared for the U.S. Department of the Navy by Tetra Tech, Inc., for the Naval Facilities Engineering

Command (NAVFAC) Midwest under Contract Task Order (CTO) F279 of the Comprehensive Long-Term

Environmental Action Navy (CLEAN) Contract Number N62470-08-D-1001.

This background groundwater evaluation was conducted to support applicable Resource Conservation

and Recovery Act (RCRA) Corrective Action requirements, including RCRA Facility Investigations (RFIs)

and other related environmental investigations to be conducted at NSA Crane under the Navy’s

Installation Restoration Program. The environmental investigations are the basis for determining whether

groundwater conditions at a particular SMWU represent unacceptable risks to human health if exposure

occurs. The background groundwater evaluation provides data on metals concentrations in groundwater

in the Pennsylvanian-age aquifer at NSA Crane not impacted by site operations at Solid Waste

Management Units (SWMUs) or Areas of Concern (AOCs). The first step when evaluating the risk of

inorganic chemicals is generally a comparison of the chemical concentrations measured in site

groundwater to their background concentrations. Background concentrations are those concentrations

that would be naturally occurring in the absence of impact from site operations. These comparisons are

made because many inorganic chemicals occur naturally in the environment. Concentrations associated

with specific SWMUs may then be compared with background concentrations to determine if a

contaminant release has potentially occurred as a result of the site operations. In accordance with RCRA

(U.S. EPA, 1989a) and risk assessment guidance (U.S. EPA, 1989b), if measured site concentrations are

not significantly greater than background concentrations, it may be inferred that an operationally related

release of those contaminants has not occurred, and the site investigation is often terminated at that point

if inorganics are the only issue. If site concentrations exceed background concentrations, additional

assessment and/or remediation may be warranted.

1.1 PURPOSE AND SCOPE

This evaluation was initiated because metals in groundwater in Pennsylvanian-age bedrock throughout

NSA Crane have consistently been identified as chemicals of concern (COCs), but the concentrations are

generally consistent across NSA Crane. Based on the ubiquity of the specific metals detected and the

similarity of concentrations, a problem statement was developed for this evaluation: Are metals

concentrations detected in groundwater from Pennsylvanian bedrock at various SWMUs and AOCs at
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NSA Crane representative of natural background levels, or are they attributable, either directly or

indirectly, to contaminant releases associated with SWMU or AOC operations or other past uses? If

chemicals are released to the environment, groundwater metals concentrations can potentially increase

as a result. This could occur as direct contamination if released chemicals migrate directly to

groundwater or indirectly if organic chemicals released to the environment alter the local geochemical

conditions [e.g., pH and oxidation-reduction (redox) potential] to increase the rate of leaching of inorganic

constituents from the geologic matrix of the bedrock. In general, a reduction in pH or redox potential

increases the potential for leaching. Each inorganic constituent in the geologic matrix, usually in the form

of metal salts or chemical complexes, is affected differently by a given change in geochemical conditions.

Another factor for consideration is that Pennsylvanian-age bedrock at NSA Crane is relatively high in

organic carbon and that this naturally occurring carbon could lead to the same geochemical conditions

conducive to metals leaching as a chemical contaminant release.

The primary objective of this evaluation was to establish a statistically based data set of concentrations of

inorganic constituents in groundwater in Pennsylvanian-age bedrock at NSA Crane for comparison with

site data to determine whether detected constituents are site-related or background conditions and to

identify chemicals of potential concern (COPCs) to be further evaluated in a risk assessment. The

secondary objective of this investigation was to compile the background data so that a minimum

detectable concentration difference between contaminated groundwater and background groundwater

data sets could be computed for individual site investigations. The intent was that the background data

set would enable the detection of concentration differences between data sets equal to two standard

deviations of the background metal concentrations.

The background data set presented in this report is intended to be a benchmark to which past, current,

and future NSA Crane SWMU and AOC investigation groundwater data will be compared. The

background data set is to be applied to investigations of groundwater in Pennsylvanian-age bedrock at

NSA Crane. Furthermore, the data set is intended to be representative of and comparable for total

metals concentrations rather than dissolved metals concentrations from filtered samples. Total metals

values represents the sum of metals concentrations in the dissolved and suspended solids phases of a

groundwater sample that are recoverable by standard sample digestion processes for environmental

investigations. This evaluation has been limited to the metals analyzed for [i.e., Target Analyte Metals

(TAL) metals and tin], as these are the metals evaluated in RFIs at NSA Crane.

This evaluation was an observational study that used available groundwater data from RFIs that have

been conducted throughout NSA Crane to date. Because the data sets from these RFIs were validated
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and used for decision-making purposes, no data collection was conducted specifically for the purpose of

characterizing basewide groundwater conditions.

1.2 REPORT ORGANIZATION

The remaining sections of this report are organized as follows:

 Section 2.0 provides a description of NSA Crane physical characteristics, brief summaries of the

SWMUs and AOCs at the facility, and the geology and hydrogeology of the Pennsylvanian-age

bedrock at NSA Crane.

 Section 3.0 describes the methodology used in this evaluation. It includes the data set development

methodology, including monitoring well selection and rationale, and the statistical methodology for

evaluation of the data set.

 Section 4.0 provides the results of the evaluation and a methodology for use of the findings of this

report for data comparisons in future site investigations.
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2.0 BACKGROUND INFORMATION

This section provides a discussion of site characteristics at the NSA Crane facility, including site location,

physiography, topography, and land use; site history; and, geology and hydrogeology. It also includes a

discussion of previous background and Pennsylvania bedrock studies.

2.1 FACILITY LOCATION AND DESCRIPTION

NSA Crane is situated in a rural area of south-central Indiana. NSA Crane is located in the southern

portion of Indiana, approximately 75 miles southwest of Indianapolis, 60 miles northwest of Louisville,

Kentucky, and immediately east of Burns City and Crane Village, Indiana. NSA Crane encompasses

approximately 62,463 acres or approximately 98 square miles of the northern portion of Martin County

and smaller portions of Greene, Daviess, and Lawrence Counties. A location map of the NSA Crane

facility is presented as Figure 2-1.

NSA Crane is located in the unglaciated area of the Crawford Upland Physiographic Province of the

Southern Hills and Lowlands Region of Indiana. This province is characterized as a rugged, highly

vegetated, dissected plateau bounded by the Mitchell Plain Physiographic Province to the east and the

Wabash Lowland Physiographic Province to the west (Murphy and Wade, 1998). The terrain of NSA

Crane is predominantly rolling, with moderately incised stream valleys throughout and occasional flat areas

in the central and northern portions of the facility. Ground surface elevations across NSA Crane range from

approximately 500 feet to 850 feet relative to the North American Vertical Datum of 1988 (NAVD88).

2.2 FACILITY HISTORY

The facility was commissioned in 1941 as the Naval Ammunition Depot (NAD) Burns City to serve as an

inland munitions production and storage center for the Navy. Operations at the facility originally included

production, testing, and storage of ordnance. The facility was constructed on land publicly acquired

under the White River Land Utilization Project (35,000 acres) and land purchased from private ownership

(26,830 acres) beginning in 1934. Prior to its acquisition by the Navy, the land was largely used for

timber and agriculture (Tetra Tech, 2001). The name of the facility was changed in 1943 to NAD Crane,

in 1975 to the Naval Weapons Support Center, and in 1992 to Naval Weapons Support Center (NSWC)

Crane. In 2003, NSWC Crane operations fell under the command structure of NSA Crane during regional

reorganization by the Navy. Department of Defense (DoD) ammunition procurement responsibility was

transferred to the Army in 1977. The Army assumed ordnance production, storage, and related

responsibilities at the facility, which continues to the present.
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Initial environmental investigations performed at NSA Crane were the Initial Assessment (IA) (U.S. Army,

1978) and Initial Assessment Study (IAS) (NEESA, 1983). The purpose of the IA was to investigate

potential contaminant releases to the environment from past operations and to determine the potential of

these releases to migrate beyond the facility boundaries. It was completed in 1977 and consisted of a

records search and interviews with former and present employees at NSA Crane. The intent of the IAS

was to identify and assess sites posing a potential threat to human health and the environment from past

hazardous materials operations. It began in response to the Navy Assessment and Control of Installation

Pollutants (NACIP) Program and was completed in 1983 by the Naval Energy and Environmental Support

Agency (NEESA) with assistance from the Ordnance Environmental Support Agency and United States

Army Corps of Engineers (USACE) Waterways Experiment Station (WES). Although none of the sites

investigated were determined to represent immediate human health or environmental threats, 14 sites

were recommended for further study to evaluate potential long-term impacts.

Based on these initial assessments and subsequent investigations, 34 SWMUs and a small number of

AOCs requiring environmental investigation have been identified at NSA Crane. Figure 2-2 shows the

locations of the SWMUs with currently active or completed environmental corrective actions. Because

NSA Crane operates under a RCRA Part B permit, investigation and remediation activities at the SWMUs

are conducted under RCRA corrective action, administered by Indiana Department of Environmental

Management (IDEM).

2.3 GEOLOGY

The geology at NSA Crane is generally characterized by thin overburden deposits overlying bedrock.

The overburden deposits at NSA Crane generally consist of two types, Quaternary-age unconsolidated

deposits and unconsolidated residual soil derived from underlying bedrock. With the exception of minor

outwash and lacustrine deposits in the northwestern comer of the facility, NSA Crane was unglaciated

during the Pleistocene epoch. Bedrock underlying NSA Crane consists of sedimentary rocks from the

Lower Pennsylvanian-age Raccoon Creek Group and Upper Mississippian-age Stephensport and West

Baden Groups.

2.3.1 Unconsolidated Deposits

The Quaternary-age deposits consist of alluvial (stream-derived sediments), colluvial (sediments

deposited at the foot of a slope via gravity), and glacial outwash deposits consisting of silt, sand, and
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gravel; lacustrine deposits consisting of clay, silt, and sand; and loess deposits consisting of clay and silt.

Unconsolidated deposits at NSA Crane can be found as deep as 65 feet bgs (Nohrstedt et al., 1998).

Soils at NSA Crane were derived from underlying sedimentary rocks of the Lower Pennsylvanian

Raccoon Creek Group and Upper Mississippian Stephensport and West Baden Groups and consist of

clay, silt, sand, and fragmented and/or weathered bedrock.

2.3.2 Bedrock

NSA Crane is located on the eastern edge of the Illinois Structural Basin. The Pennsylvanian- and

Mississippian-age bedrocks dip to the west-southwest and southwest at approximately 30 to 35 feet per mile

(Kvale, 1992). Bedrock underlying NSA Crane consists of sedimentary rocks from the Lower

Pennsylvanian-age Raccoon Creek Group and Upper Mississippian-age Stephensport and West Baden

Groups. Figure 2-1 shows the geology of Indiana, and Figure 2-3 shows the surficial geology of NSA

Crane. A generalized stratigraphic column of bedrock in the NSA Crane area is shown on Figure 2-4.

The Lower Pennsylvanian-age bedrock (Raccoon Creek Group) at the facility primarily consists of

interbedded sandstone, siltstone, shale, and coal with total thicknesses varying from 0 to more than

300 feet (Fisher, 1996). The underlying Missisippian-age bedrock consists of limestone, shale, and

sandstone (Murphy and Wade, 1995 and Palmer, 1969). The Raccoon Group lies unconformably on the

Mississippian-age bedrock units; the relief of the unconformity has been measured to be as much as

100 feet (Kvale, 1992).

Pennsylvanian-age bedrock is the uppermost bedrock unit across most of NSA Crane, with approximately

74 percent (46,280 acres or 72 square miles) of NSA Crane covered by the Raccoon Creek Group.

Mississippian-age bedrock is principally exposed in the major drainages in the eastern half of NSA Crane,

where streams have eroded the Pennsylvanian-age bedrock caprock. A large number of SWMUs are

located on ridges or other topographically high areas, primarily on Pennsylvanian-age bedrock. One

exception to this generalization is the Ammunition Burning Ground (ABG), which is located over

Mississippian bedrock (Fisher, 1996).

The Raccoon Creek Group at NSA Crane is interpreted to be interbedded clastic sediments of the

Mansfield Formation (Kvale, 1994). The sedimentary facies of the Mansfield Formation at NSA Crane

have been interpreted to be of tide-dominated estuarine depositional environments (Kvale, 1992). The

Mansfield Formation at NSA Crane is characterized by abundant shale and siltstone with thinly

interbedded sandstone and mudstone and thin discontinuous coal units (Kvale, 1994; Shaver et al.,

1986). The lower section of the Mansfield Formation is dominated by sandstone (Shaver et al., 1986).
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2.4 HYDROGEOLOGY

At NSA Crane, groundwater is encountered in surficial unconsolidated units and the underlying bedrock;

however, the occurrence of groundwater in the overburden is limited to Quaternary-age units in the

northwestern corner of NSA Crane and in alluvial deposits along the major drainages or water bodies.

Commonly, groundwater is not encountered in the overburden along ridges or hillslopes, where only a

thin residuum of soil is present. If present, groundwater in the overburden in these areas occurs as

isolated perched zones.

Groundwater in bedrock at NSA Crane occurs in the Pennsylvanian and Mississippian units. Because

shallow bedrock at NSA Crane is primarily Pennsylvanian-age units and the majority of investigations are

within these units, this evaluation is limited to Pennsylvanian-age bedrock units. Groundwater in the

Pennsylvanian-age bedrock is present in the secondary porosity of the rock units (i.e., jointing, fractures,

or bedding contacts), with groundwater entering the bedrock through infiltration. Groundwater flow in the

shallow bedrock generally mimics topography, with flow toward the crop line, and groundwater

discharging to gullies or hillslopes on the sides of ridges or to surface soils and gradually evaporates.

Groundwater in deeper zones flows to regional groundwater discharge areas or base levels; the direction

of flow in the deeper zones may be different than in shallow zones.

Groundwater in Pennsylvanian-age bedrock occurs in several individual zones at different depths in the

formation sequence. The zones are generally distinguished by marked head elevation differences and

are generally isolated from one another vertically by less permeable shale or siltstone units. The zones

are typically grouped into three water-bearing zones in the Pennsylvanian-age rock units: upper (Puz),

middle (Pmz), and lower zones (Plz). At individual sites, the first encountered water-bearing zone is

identified as the Puz; subsequent zones encountered with depth are identified as the Pmz and Plz,

accordingly. These zones have not been correlated across NSA Crane, except for cases where sites are

in close proximity. For example, a water-bearing zone identified as Puz at one site may correlate

stratigraphically with a zone identified as Pmz at an adjacent site. For the purposes of this evaluation, the

statistical analyses were performed for the entire data set for wells screened in the Pennsylvanian-age,

regardless of zone identification (i.e., Puz, Pmz, or Plz). The rationale for this was primarily that the

groundwater geochemistry of the Pennsylvanian-age water-bearing zones was considered to be similar

between zones, given the similar lithologies. This also allows for a larger data set and as a result less

uncertainty in the statistical evaluation.
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2.5 PREVIOUS BACKGROUND AND PENNSYLVANIAN BEDROCK STUDIES

Background concentrations of select inorganics in soils at NSA Crane were evaluated during a base-wide

background soils investigation in 2001 (Tetra Tech, 2001). The objective of the investigation was to

identify and chemically characterize native soils based on three factors: depositional environment, grain

size, and depth. A total of 16 soil types were identified and evaluated in the report, based on

combinations of these three factors. Four depositional environments were identified at NSA Crane,

based on the mapped geologic parent material: Pennsylvanian bedrock, Mississippian bedrock, alluvium,

and loess. Three predominant grain sizes (clay, silt, and sand) and two depths (surface and subsurface)

were also identified as factors possibly contributing to soil chemical characteristics. Soil samples were

collected to establish representative background metals concentrations for each of the 16 soil types. The

background soil data sets can be used for direct comparison of site data to background data descriptive

statistics [minimum, maximum, and average values in a data set as well as upper tolerance limit (UTL)

values] or through direct comparison of background and site data distributions using a statistical

comparison.

Multiple studies have been conducted at NSA Crane related to characterization of Pennsylvanian-age

bedrock and groundwater. These studies, however, have focused principally on the hydrogeological

properties and sedimentology of the Pennsylvanian-age aquifers. These studies were completed by the

Indiana Geological Survey (with cooperation from USACE WES) and include those by Barnhill (1992);

Barnhill and Hansley (1993); Fisher (1996); Fisher, Barnhill, and Revenaugh (1998); and, Kvale (1994).

An assessment of metals in bedrock groundwater in southern Indiana was conducted by the Indiana

Geological Survey (IGS) in 1989 to evaluate concentrations of lead exceeding U.S. EPA guidelines in a

number of domestic wells in southern Indiana. The study attempted to relate water chemistry to aquifer

mineralogy and chemistry through association of analytical results with lithology. The study covered three

bedrock regions in southern Indiana. Region 1 included an area where wells were completed in the

Devonian-Mississippian-age New Albany Shale, Region 2 covered an area with wells completed in

Mississippian-age Salem and/or St. Louis Limestones, and Region 3 covered an area with wells

completed in Mississippian and/or Pennsylvanian-age rock in the Wabash Lowland Physiographic

Province. Three areas in Region 3 were tested. These areas (Epsom, Odon-Elnora, and Linton) are

located in Daviess and Greene Counties. These areas in Region 3 were selected based on mining

activities, both surface and subsurface and historical and current (as of 1988). Twenty-eight wells were

identified in the study as being screened solely in Pennsylvanian-age bedrock.
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Analyses in the 1989 IGS study included metals (arsenic, barium, cadmium, calcium, chromium, iron,

lead, magnesium, manganese, mercury, potassium, selenium, silver, sodium, strontium, and zinc),

chloride, fluoride, nitrate, sulfate, total dissolved solids, hardness, alkalinity, bicarbonate and carbonate,

as well as water quality parameters of pH, temperature, specific conductance, dissolved oxygen, and Eh.

Appendix A includes the 1989 IGS study results for Region 3, which includes the wells in Pennsylvanian-

age bedrock (shown as highlighted).

The results of the IGS study were not included in the data set for this evaluation. The samples collected

for the 1989 IGS study were field-filtered prior to sample preservation; therefore, the study results

represent dissolved metals. As environmental investigations and risk assessments at NSA Crane are

based on unfiltered samples results (i.e., total metals), the results of the IGS study were not considered

comparable and could not be included in the data set for this evaluation.

In addition, several chemical (arsenic, iron, and manganese) and geochemical [pH and oxidation-

reduction potential (ORP)] parameters were plotted for the 1989 IGS study data against the NSA Crane

background data set (discussed in detail in Sections 3 and 4 of this report). The plots are provided in

Appendix A. The plots indicate that the two data sets represent two separate populations, based on the

clustering of the data. The pH values of the NSA Crane are also lower than those from the 1989 IGS

study. The pH can directly influence potential solubility of metals, with lower pH generally promoting

leaching of metals (discussed in Section 3.1). These differences in the data sets further support

exclusion of the 1989 IGS study data from the current evaluation.
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3.0 METHODOLOGY

This section presents a discussion of the selection and rationale of the groundwater data set and

methods used in the statistical evaluation of the background data.

3.1 DATA SET SELECTION AND RATIONALE

The data set for the background evaluation included data from existing monitoring wells installed in

Pennsylvanian-age bedrock at NSA Crane. No new wells were installed and no samples were collected

for this evaluation.

The background areas and locations for inclusion in the data set were selected to ensure that the data

used represented natural conditions that are unaffected by site-specific operations. The criteria used to

ensure representativeness, followed by a brief description, were as follows:

 Groundwater monitoring wells screened within Pennsylvanian-age bedrock. The wells may be

screened in any of the three water-bearing zones (upper, middle, or lower), but the entire screened

interval must be within the Pennsylvanian bedrock.

 Located hydraulically upgradient of or vertically separated from potential site contaminant releases

from a site that has been identified as a potential source of either inorganic or organic contaminants.

Although organic contaminants are not the subject of this evaluation, the presence of organic

contaminants in groundwater could potentially alter chemical oxidation-reduction conditions and

cause metals to leach from the geologic matrix that would otherwise not leach or would not leach as

rapidly. Background well locations were identified by reviewing existing RFI reports and related

information, specifically groundwater elevation contour and flow depictions.

 Metals concentration data spanning several years of sampling to ensure that a thoroughly

representative cross-section of groundwater chemistry is included in the statistical analysis.

 Metals concentration data representing as much area of NSA Crane as possible to ensure that spatial

variations in the Pennsylvanian aquifer are represented and minimize potential no spatial correlation.

Information regarding monitoring wells at NSA Crane was reviewed to: (1) identify wells screened in the

Pennsylvanian bedrock and (2) determine the wells located in hydraulically upgradient locations and not
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affected by site-specific operations or contamination. The principal sources of information were RFI

reports for individual SWMUs. Twenty-one wells in nine SWMUs were identified that met the criteria

discussed above. Well construction information for these wells is provided in Table 3-1, and the locations

of these wells are shown on Figure 3-1. Boring logs and well construction diagrams for the wells are

provided in Appendix B. Seventeen of the wells selected are screened in the Puz. One well (12MWT33)

is screened in the Pmz, and three wells (01-06, 10C52, and 13MWT28) are screened in the Plz. The four

wells from SWMU 09 did not have a zone identified in the investigation reports; however, based on the

shallow depths of the screened intervals (less than 25 feet bgs), it is assumed that these wells are

screened in the Puz.

Background groundwater data are available for NSA Crane from 1981 to 2012. The quality of the metals

data collected by the U.S. Army Corps of Engineers prior to 2000, however, has been questioned by U.S.

EPA Region 5. Therefore, this data was eliminated from consideration for this evaluation. Data from

filtered samples (i.e., dissolved results) and data for field duplicates, which are only used for quality

control purposes, were also eliminated from consideration. Table 3-2 presents the data set used for this

evaluation. Results from 29 groundwater samples were included in this evaluation. The numbers of

metals per sample varied depending on the SWMU-specific requirements for data quality objectives and

intended use of the data; therefore, the number of total metals results varies by metal. Because the data

were collected over approximately 12 years, the data are considered to encompass natural variations in

groundwater chemistry.

In addition, metals may be susceptible to leaching depending on geochemical conditions, particularly pH.

Therefore, to evaluate whether a correlation exists between concentrations and pH, the concentrations of

individual metals for the background groundwater data were plotted against the measured pH values for

the samples. The plots are provided in Appendix C. No correlations with pH were observed in the data.

Therefore, no further consideration was given to pH in this evaluation.

The following subsections discuss the SWMUs with wells included in the data set. Potentiometric surface

maps for individual SWMUs are provided in Appendix D.

3.1.1 SWMU 01, Mustard Gas Burial Ground

One well from SWMU 01 was selected for inclusion in the background data set, 01-06. SWMU 01 is

located in the southeastern portion of NSA Crane (Figure 2-2). SWMU 01 was originally a 2-acre area

surrounded by a fence. This area was used between the end of World War II and 1956 for disposal of

hazardous materials. Disposal was in the form of shallow burials (pits), typically within 6 feet of the
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ground surface. These burials occurred in a small area within the 2-acre site. The smaller area is

approximately 0.2 acres in size and is called the Primary Burial Area. Additional information related to

past operations, environmental investigation history, and COCs is available in the RFI documents for

SWMU 01 (Tetra Tech NUS, 2004).

The location of well 01-06 is shown on Figure 3-1. The potentiometric surface map from the RFI is

provided in Appendix D. Well 01-06 is situated northeast of SWMU 01. Groundwater flow in the Plz at

SWMU 01 is to the southwest. The screened interval of well 01-06 is separated vertically from the Puz at

SWMU 01. No other potential sites have been identified in the Plz upgradient of this well.

3.1.2 SWMU 08, Building 106 Pond

One well from SWMU 08 was selected for inclusion in the background data set, 08MWT07. SWMU 08 is

located in the west-central portion of NSA Crane (Figure 2-2). SWMU 08 includes Building 106, which

was used for the phosphatizing of steel and a cleaning process that consisted of a caustic wash, a

degreaser, and an acid wash. SWMU 08 also includes Building 107, which was originally used to refinish

wooden and metal boxes. Overflow and floor drainage from Buildings 106 and 107 flowed into the

Building 106 Pond. Additional information related to past operations, environmental investigation history,

and COCs is available in the RFI documents for SWMU 08 (Tetra Tech NUS, 2008).

The location of well 08MWT07 is shown on Figure 3-1. The potentiometric surface map from the RFI is

provided in Appendix D. Well 08MWT07 is situated in the north-central portion of SWMU 08.

Groundwater flow is to the southeast. Well 08MWT07 is cross gradient to upgradient of potential site-

related contamination at SWMU 08, and no other potential sites have been identified in the vicinity of this

well.

3.1.3 SWMU 09, Pesticide Control Area/R-150 Tank

Four wells from SWMU 09 were selected for inclusion in the background data set, 09-10, 09-WTP6,

09T01, and 09T05. SWMU 09 is located in the central portion of NSA Crane, on the western side of

Highway 45 (Figure 2-2). Former Building 55, Building 2189, and the R-150 Tank Area, were originally

defined as SWMU 09. Following initial RFI activities, the actual location of Former Building 55 (the

pesticide control building) was discovered to be further south than thought, and three other potential

source areas of contamination were also identified in the southern section of SWMU 9. Subsequently,

the area was subdivided into three areas for the purposes of investigation: SWMU 09 Pesticide

Control/R-150 Tank Area, SWMU 09 North, and SWMU 09 South. Additional information related to past
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operations, environmental investigation history, and COCs is available in the RFI documents for

SWMU 09 (Tetra Tech NUS, 2005a, and Tetra Tech, 2013).

The locations of these wells are shown on Figure 3-1. In Table 3-1, the screened interval is identified as

“Pennsylvanian” only. The water-bearing zones of these wells were not identified in the RFI; however,

based on the relatively shallow well depths (i.e., less than 25 feet bgs), these wells are interpreted to be

screened in the Puz. The potentiometric surface map from the RFI (Tetra Tech NUS, 2005a) is provided

in Appendix D.

The four wells are situated along a ridgeline that trends north-south, with groundwater flow to the west

and southwest across SWMU 09, away from the ridgeline. The wells are upgradient of potential site-

related contamination at SWMU 09, and no other potential sites have been identified in the vicinity of

these wells.

3.1.4 SWMU 10, Rockeye

One well from SWMU 10, 10C52, was selected for inclusion in the background data set. SWMU 10 is

located in the northeastern portion of NSA Crane, on the eastern side of Highway 45 (Figure 2-2).

Rockeye, an operational ammunition facility, is a 10-acre site located on a flattened ridge crest that

separates the Sulphur Creek and Turkey Creek drainage basins. Additional information related to

operations, environmental investigation history, and COCs is available in the RFI for SWMU 10 (Tetra

Tech NUS, 2005a).

The location of well 10C52 is shown on Figure 3-1. The potentiometric surface map from the RFI is

provided in Appendix D. Well 10C52 is situated at the southeastern corner of SWMU 10. Groundwater

flow is to the north and west across SWMU 10, and there is a northeastern component of flow in the area

of 10C52, toward a tributary to Sulphur Creek. Well 10C52 is upgradient of potential site-related

contamination at SWMU 10, and no other potential sites have been identified upgradient of this well.

3.1.5 SWMU 12, Mine Fill A

Four wells from SWMU 12 were selected for inclusion in the background data set, 12MWT25, 12MWT26,

12MWT27, and 12MWT33. SWMU 12 is located in the central portion of NSA Crane, on the eastern side

of Highway 45 (Figure 2-2). Mine Fill A was used for the production of large mines, depth charges, rocket

heads, aerial bombs, and projectiles. Mine Fill A also includes a battery and soil disposal area that is

located at the extreme southern end of the SWMU. Additional information related to past operations,
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environmental investigation history, and COCs is available in the RFI and other corrective action

documents for SWMU 12 (Tetra Tech NUS, 2010a, 2011a, and 2011b).

The locations of the SWMU 12 wells are shown on Figure 3-1. The potentiometric surface maps for the

Puz and Pmz at SWMU 12 from the RFI (Tetra Tech NUS, 2011a) are provided in Appendix D.

Mine Fill A is located on top of a ridge that was flattened to some extent in the 1940s in preparation for

site development (roads, rail lines, buildings, parking lots). The four wells are situated in the

northernmost area of the north-south trending ridge. Groundwater flow in the Puz and Pmz at SWMU 12

is to the southeast, with components to the east and southwest, away from the ridgeline. The wells are

upgradient of potential site-related contamination at SWMU 12, and no other potential sites have been

identified in the vicinity of these wells.

3.1.6 SWMU 13, Mine Fill B

Three wells from SWMU 13 were selected for inclusion in the background data set, 13MWT01,

13MWT03, and 13MWT28. Mine Fill B is located in the central portion of NSA Crane, on the western side

of Highway 45 (Figure 2-2). Mine Fill B was used for the preparation of nitrate and the production of large

mines, depth charges, rocket heads, aerial bombs, and projectiles. Additional information related to past

operations, environmental investigation history, and COCs is available in the RFI and other corrective

action documents for SWMU 13 (Tetra Tech NUS, 2007, 2010b, and 2011c).

The locations of the SWMU 13 wells are shown on Figure 3-1. The potentiometric surface maps for the

Puz and Plz at SWMU 13 from the RFI (Tetra Tech, 2007) are provided in Appendix D.

Mine Fill B lies on top of a ridge that was flattened to some extent in the 1940s in preparation for the

construction of buildings, roads, and associated parking and staging areas. The four wells are situated in

the northeasternmost area of Mine Fill B, along Highway 45. Groundwater flow in the Puz at SWMU 13 is

to the southwest, with components to the northwest and southeast, away from the ridgeline. The wells

are upgradient of potential site-related contamination at SWMU 13, and no other potential sites have

been identified in the vicinity of these wells.

3.1.7 SWMU 16, Cast High Explosives Fill/Building 146 Incinerator

Two wells from SWMU 16 were selected for inclusion in the background data set, 16MW02 and

16MWT17. SWMU 16 is located in the north-central portion of NSA Crane, on the southern side of
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Highway 45 (Figure 2-2). Building 146, the largest building at SWMU 16, was an explosives fill and

pressure washout facility. Additional information related to past operations, environmental investigation

history, and COCs is available in the RFI and other corrective action documents for SWMU 16 (Tetra

Tech NUS, 2005b, 2010c, and 2011d).

The locations of the SWMU 16 wells are shown on Figure 3-1. The potentiometric surface map for the

Puz at SWMU 16 from the RFI (Tetra Tech NUS, 2011d) is provided in Appendix D.

SWMU 16 is situated along a northwest-southeast trending ridge, and the selected wells are situated in

the northwestern portion of SWMU 16. Groundwater flow in the Puz at SWMU 16 is to the southeast, with

components to the northeast and southwest, away from the ridgeline. The wells are upgradient of

potential site-related contamination at SWMU 16, and no other potential sites have been identified

upgradient of these wells.

3.1.8 SWMU 18, Load and Fill Area

SWMU 18 is located in the west-central portion of NSA Crane, encompasses approximately 1 square

mile, and includes over 100 buildings (Figure 2-2). Projectile load and fill operations, powder operations,

and propellant testing have been conducted at SWMU 18 since the early 1940s and continued throughout

its operational history. Load and fill operations were conducted in the northern portion of SWMU 18,

principally in Buildings 101, 102, 103, 104, 105, and 189 and also in Buildings 200 and 198 in the

southern portion of SWMU 18. The remaining area of the southern portion of SWMU 18 was used for

research, development, and testing and was referred to as the Applied Science Department Complex.

Current operations within SWMU 18 include renovation, rework, and loading of munitions items; research

and development; and testing. Due to its large size, SWMU 18 was subdivided into the following 10

subareas based on similar operations or use and geographic proximity to facilitate more efficient and

effective investigation:

 Subarea A: Building 105 Area

 Subarea B: Buildings 101, 102, and 103 Area

 Subarea C: Inert Operation Area

 Subarea D: Special Program (SP) Area

 Subarea E: Building 104 Area

 Subarea F: Buildings 2084, 2085, and 2540 Area

 Subarea G: ASD I Area

 Subarea H: Building 198 Area



NSA Crane
Basewide Pennsylvanian Bedrock Background Groundwater Evaluation Report

Revision: 0
Date: September 2013

Section: 3
Page 7 of 10

021304/P 3-7 CTO F279

 Subarea I: Building 200 Area

 Subarea J: ASD II Area

RFI activities were conducted at SWMU 18 in 2011. Additional characterization of media in several

subareas is pending.

Four wells from SWMU 18 were selected for inclusion in the background data set, 18AMWT001,

18DMWT001, 18GMWT004, and 18IMWT001. The locations of these wells are shown on Figures 3-1.

Preliminary potentiometric surface maps from the RFI conducted in 2011 (in preparation) are provided in

Appendix D.

Highway 45 generally bisects SWMU 18 into northern and southern areas along two east-west trending

ridges. The tops of the ridges are generally cleared and level, whereas the slopes are wooded and steep,

with buildings within SWMU 18 generally situated along the two east-west trending ridges. Groundwater

flow in the Puz in the four subareas with wells included in the background evaluation generally follows

topography. The wells are upgradient of potential site-related contamination at SWMU 18, and no other

potential sites have been identified upgradient of these wells.

3.1.9 SWMU 22, Lead Azide Pond

One well from SWMU 22, 22MWT001, was selected for inclusion in the background dataset. SWMU 22

is located in the central portion of NSA Crane, east of Highway 45, and is referred to as the Explosive

Actuated Device (EAD)/Booster Area or the “Backline.” The Booster Area was designed and constructed

to load 5-inch rockets during World War II. EADs were loaded with explosives such as lead azide, lead

styphnate, tetryl, RDX, and black powder. Building 136 was used for the propellant portion, Building 138

was the pressing building for warheads, and Building 2520 was the final assembly building. The area is

currently operated by the Army and is involved in the production of small explosive charges and fuse

maintenance. The buildings associated with the Backline are planned to be demolished in 2011. An

unlined retention pond previously located at the northern end of the Backline, received overflow

wastewater from sumps associated with the process buildings. The retention pond was removed in 1981.

RFI activities were conducted at SWMU 22 in 2011, 2012, and 2013. Preparation of the RFI Report is

pending.

The location of the well from SWMU 22 is shown on Figure 3-1. A preliminary potentiometric surface map

from the RFI activities conducted in 2012 is provided in Appendix D.
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SWMU 22 is situated on a portion of the top of a flattened topographic high, and well 22MWT001 is

situated in the northwestern portion of SWMU22, north of Building 138. Groundwater flow in the Puz at

SWMU 22 is to the south toward the drainages. The well is upgradient of potential site-related

contamination at SWMU 22. No other potential sites have been identified upgradient of these well;

however, a potentially impacted area may exist northeast of Building 138 (and northeast of well

22MWT006), in an area not previously investigated. Well 22MWT006 was excluded from the statistical

evaluation based on potential impacts from this area.

3.2 DATA USABILITY

The background data set were collected from environmental investigations at NSA Crane in accordance

with IDEM- and U.S. EPA-approved work plans. The following sections discuss data sampling and

analyses and data quality reviews as they relate to data usability for this evaluation.

3.2.1 Sampling and Analyses

The groundwater samples included in this evaluation were collected using low-flow purging and sampling

techniques to minimize turbidity. Groundwater samples were analyzed using SW-846 Methods 6010 or

6020 (all metals except mercury) or Method 7470 (mercury only), depending on the investigation with

which the samples are associated. Method 6020 is generally less prone to analytical interferences than

Method 6010, and it is also generally more sensitive than Method 6010, depending on the metal being

analyzed. The precision and accuracy of the data are comparable for the two methods, and mixing of

data from two analytical methods was considered to be acceptable for this evaluation.

Specific sampling methods and analyses and additional information related to sampling and analysis may

be found in the SWMU-specific documents listed in the reference section if this report.

3.2.2 Data Quality Review

The data quality objectives and requirements for the data used in this evaluation were investigation

specific and established for each investigation. Data collected for environmental investigations

underwent data quality review to ensure the usability of the data. The review includes data verification

and validation. Verification is a process used to ensure that contractual requirements were satisfied.

Validation is a comparison of data quality indicators (DQIs) to prescribed acceptance criteria to assess

analytical method performance. The DQIs used are measures to assess the bias and precision of the

analytical calibrations and sample analyses. Together, verification and validation are the first steps in

evaluating data completeness, accuracy, sensitivity, comparability, and representativeness. The data
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review process culminated with a data usability assessment presented in the SWMU-specific report

during which the final usability of the data is established relative to the intended data use. All data used

in this background evaluation have undergone data quality review for individual SWMU investigations and

are considered acceptable for use in this evaluation.

Additional information regarding data quality is provided in the following subsections.

3.2.2.1 Data Validation

As part of their respective environmental investigations, the groundwater analytical data were subjected

to data validation and a data usability evaluation, which included assessments of bias, precision,

representativeness, comparability, completeness, and sensitivity. Data validation is an objective

systematic process in which analytical data are reviewed to ascertain the validity of the reported results

and to identify for the data user some possible limitations of these results. Data usability considers the

data validation outputs but includes additional assessments that consider whether the data are usable for

the intended purpose.

Data validation was performed for all samples analyzed. Data validation was completed in accordance

with the procedures for data validation as outlined in Navy guidance (NFESC, 1999 and DOD, 2009).

The data from investigations were validated in accordance with U.S. EPA Contract Laboratory Program

National Functional Guidelines for Inorganic Data Review, as amended (1993 and 2004). The results of

the validation process were summarized in technical memoranda describing qualified analytical results.

All data validation documentation is currently retained on file by Tetra Tech. Investigation reports also

may include copies of the validation memoranda.

The data used for this evaluation are considered usable based on the results of data validation.

3.2.2.2 Bias, Accuracy, and Precision Evaluation

Bias and accuracy of the background groundwater data were found to be acceptable for their intended

investigation-specific use; therefore, the data were used without qualification for this background

evaluation.
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3.2.2.3 Analytical Sensitivity

In general, the investigation-specific detection limits were achieved; therefore, groundwater data from

selected background wells was used without regard to the detection limits that were attained. Table 4-1

presents minimum and maximum detection limits attained.

3.2.2.4 Data Comparability, Completeness, and Representativeness

Sampling methods, sample preservation, and sample storage practices that preserved the integrity of the

groundwater samples were consistent from one investigation to another. The samples selected for this

background groundwater evaluation were collected from wells screened in the upper, middle, and lower

water-bearing zones within the Pennsylvanian bedrock and are therefore considered representative of the

entire aquifer. Analytical methods based on similar techniques and exhibiting similar performance

characteristics were used for all environmental investigations from which background groundwater data

were used. These factors ensured that all groundwater data collected from the background locations are

comparable and representative of the Pennsylvanian bedrock groundwater. This representativeness

spans several years and a large spatial expanse within the NSA Crane boundary, and the data set is

therefore considered a comprehensive set of background groundwater quality data that can be applied to

environmental groundwater investigations of Pennsylvanian bedrock groundwater.

3.3 STATISTICAL ANALYSIS

A series of statistical analyses were conducted to determine a representative background data set for

groundwater data from the selected Pennsylvanian aquifer wells. The conclusions of the statistical

analysis are presented in Section 4, and the methodology and full results of the analysis are discussed in

detail in Appendix E.

Table 3-2 presents the concentrations of metals (total) in samples from the Pennsylvanian aquifer wells

selected for this background evaluation. For the statistical evaluation, the concentration of each metal in

the data set was considered to carry equal weight in terms of characterizing the concentration distribution

of metals in the Pennsylvanian aquifer. Concentrations less than detection limits (i.e., non-detect values)

were replaced with the value of the detection limit.
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TABLE 3-1

MONITORING WELL INFORMATION
BASEWIDE PENNSYLVANIAN BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

Coordinates(2) Elevation

(feet NAVD88)

Total

Depth(3)

Screened Interval

(feet bgs)

Water-

Bearing

Northing Easting Ground Ref. Point (feet bgs) Top Bottom Zone
SWMU 01 - Mustard Gas Burial Ground
01-06 (WES-1-6-82) 11/10/1982 3045143.95 1327648.67 595.38 597.98 93.05 75.0 84.4 Pennsylvanian (Lower)
SWMU 08 - Building 106 Pond
08MWT07 5/13/2005 1306840.18 3014993.62 699.73 701.31 33.0 18.0 33.0 Pennsylvanian (Upper)
SWMU 09 - Pesticide Control Area /R-150 Tank

09-10 (WES-9-10-83) 8/18/1983 1312055.42 3025373.75 723.83 726.51 27.0 11.5 20.6 Pennsylvanian(4)

09-WTP6 (WES-WTP6-86) 7/28/1986 1312307.48 3025423.99 733.10 735.09 26.7 20.7 25.7 Pennsylvanian(4)

09T01 12/04/2000 1312804.34 3025759.95 737.56 740.02 26.0 11.0 26.0 Pennsylvanian(4)

09T05 12/04/2000 1311681.50 3025540.48 716.73 719.19 17.0 7.0 17.0 Pennsylvanian(4)

SWMU 10 - Rockeye
10C52 (WES-10-52C-88) 06/08/1989 1326218.319 3044737.357 809.42 811.73 83.0 58.0 68.0 Pennsylvanian (Lower)
SWMU 12 - Mine Fill A
12MWT25 09/12/2004 1313924.59 3026269.42 746.55 748.66 26.0 15.0 25.0 Pennsylvanian (Upper)
12MWT26 09/12/2004 1313638.57 3025981.12 741.64 743.72 25.0 14.0 24.0 Pennsylvanian (Upper)
12MWT27 09/02/2004 1313736.63 3026477.23 738.42 740.52 26.0 15.0 25.0 Pennsylvanian (Upper)
12MWT33 09/02/2004 1313725.86 3026481.26 738.32 740.49 95.0 74.0 94.0 Pennsylvanian (Middle)
SWMU 13 - Mine Fill B
13MWT01 03/30/2003 1310541.57 3025015.94 713.10 715.34 15.0 5.0 15.0 Pennsylvanian (Upper)
13MWT03 03/30/2003 1310240.95 3024891.66 718.34 721.10 15.0 5.0 15.0 Pennsylvanian (Upper)
13MWT28 11/19/2003 1309678.62 3024066.67 703.54 705.55 88.0 78.0 88.0 Pennsylvanian (Lower)
SWMU 16 - Cast High
16MW02 (WES-14-02-83) 1983 1321319.90 3032647.27 763.69 766.54 25.8 11.4 20.4 Pennsylvanian (Upper)
16MWT17 11/08/2003 1321235.88 3032675.07 764.78 766.53 24.0 14.0 24.0 Pennsylvanian (Upper)
SWMU 18 - Load and Fill Area
18AMWT001 12/05/2011 1309581.89 3015573.81 684.49 687.08 24.0 13.0 23.0 Pennsylvanian (Upper)
18DMWT001 11/07/2011 1307840.00 3016101.97 681.01 683.78 18.5 8.0 18.0 Pennsylvanian (Upper)
18GMWT004 12/16/2011 1305244.05 3016493.37 654.09 656.72 28.5 17.0 27.0 Pennsylvanian (Upper)
18IMWT001 11/22/2011 1304198.16 3015031.33 695.63 698.06 31.0 21.0 31.0 Pennsylvanian (Upper)
SWMU 22 - Lead Azide Pond
22MWT01 05/11/2012 1315811.32 3027409.14 766.47 768.74 25.0 15.0 25.0 Pennsylvanian (Upper)

NOTES
(1)  Original well designation in parantheses.
(2)  Indiana State Plane Coordinate System, NAD83.
(3)  Total boring depth.
(4)  Pennsylvanian = zone not specified; assumed to be Pennsylvanian (Upper).

bgs = below ground surface.
NAD83 = North American Datum if 1983.
NAVD88 = North American Vertical Datum of 1988.

Monitoring Well(1) Date of

Installation
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TABLE 3-2

ANALYTICAL DATA SET

BASEWIDE PENNSYLVANIA BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

PAGE 1 OF 3

SWMU 01 - Mustard Gas Burial Ground

01-06 Plz 09/04/2001 40.2 U 1.6 U 3.2 U 21.3 0.4 U 0.3 U 170000 0.6 U 1 U 0.9 U

SWMU 08 - Building 106 Pond

08MWT07 Puz 06/02/2005 463 J 0.2 U 0.45 U 19.5 J 0.05 U 0.08 J 9640 J 0.58 J 5.3 J 2.1 U

SWMU 09 - Pesticide Control Area/R-150 Tank

09-10 Puz 01/31/2001 200 U 1 U 0.75 68.4 1 U 1 U 25800 5 U 3 U 2 U

09T01 Puz 01/31/2001 200 U 1 U 2.9 52.6 1 U 1 U 39400 5 U 3 U 4.4

09T05 Puz 01/30/2001 200 U 1 U 1.5 90.7 1 U 1 U 24000 5 U 18.2 2

09-WTP6 Puz 01/23/2001 200 U 1 U 1 U 19.3 1 U 1 U 59300 5 U 3 U 2 U

SWMU 10 - Rockeye

10C52 Plz 01/18/2001 200 U 1 U 1 U 17.9 1 U 1 U 17000 5 U 3 U 2 U

SWMU 12 - Mine Fill A

12MWT25 Puz 10/10/2004 479 0.085 U 1.1 J 26.2 J 0.1 J 0.14 U 216000 J 1.4 U 53.2 J 3 J

12MWT25 02/04/2005 192 J 0.085 U 0.27 U 21.8 J 0.04 U 0.04 U 125000 J 0.74 U 12.9 J 3.4 J

12MWT26 Puz 09/26/2004 565 J 0.24 U 2.3 J 38.4 J 0.07 U 0.11 U 92600 J 1.7 J 31.3 J 0.84 J

12MWT26 02/17/2005 126 J 0.54 U 0.67 U 12.8 U 0.03 U 0.13 U 77900 J 0.72 U 5.6 J 3.5 J

12MWT27 Puz 09/25/2004 323 J 0.22 U 0.58 U 39.1 J 0.03 U 0.05 U 21200 J 1.2 J 11.2 J 0.67 J

12MWT27 02/07/2005 205 J 0.1 U 0.22 U 20.6 J 0.02 U 0.04 U 16300 J 0.62 U 1.2 U 2 J

12MWT33 Pmz 09/26/2004 37.1 U 0.52 U 2.7 J 13.2 J 1.3 J 0.039 U 61100 J 0.52 U 44.4 J 0.7 J

12MWT33 02/18/2005 200 J 0.085 U 1.2 U 15.6 U 2.2 J 0.18 U 56400 J 0.76 U 40 J 2.5 J

SWMU 13 - Mine Fill B

13MWT01 Puz 04/26/2003 598 J 0.24 U 0.23 U 55.4 J 1.2 U 0.18 U 9720 J 0.2 U 36 J 2.9 J

13MWT01 11/23/2003 699 J 0.02 U 0.17 U 46.8 J 1.2 U 0.06 U 7190 J 0.73 U 29.9 J 1.4 U

13MWT03 Puz 04/26/2003 3990 J 0.13 U 1 J 74.5 J 1.2 U 0.82 U 34800 J 7.1 J 48.8 J 5.6 J

13MWT03 Puz 11/11/2003 627 J 0.02 U 0.31 U 62.1 J 1.8 U 0.37 U 26100 J 1.4 U 25 J 3.2 J

13MWT28 Plz 12/07/2003 6270 J 2.9 J 15.2 J 65.3 J 0.27 U 0.04 U 10600 J 11.7 J 2 J 1.4 U

SWMU 16 - Cast High

16MW02 Puz 04/24/2003 85.6 0.1 U 0.16 U 21.6 J 0.42 U 0.31 U 99400 J 0.43 U 12.9 J 0.87 J

16MW02 05/11/2003 60.6 U 0.03 U 0.33 U 18 J 0.34 U 0.22 U 97300 J 0.29 U 9.2 J 0.15 U

16MW02 10/25/2003 8.3 U 0.02 U 0.66 J 17.8 J 0.06 U 0.04 U 212000 J 0.17 U 18.7 J 0.12 U

16MWT17 Puz 12/05/2003 187 J 0.05 U 1.3 U 42.7 J 0.69 U 0.53 U 42200 J 0.39 U 64.4 J 0.56 U

SWMU 18 - Load and Fill Area

18AMWT001 Puz 01/20/2012 3110 J 2 UJ 1.5 U 35.6 3.01 0.462 J 12300 0.816 J 62 12.3

18DMWT001 Puz 01/17/2012 28.5 J 2 U 1.5 U 75.6 0.5 U 0.5 U 43900 1 U 2.5 U 2 U

18GMWT004 Puz 01/19/2012 6210 J 4 UJ 8.61 J 74.6 J 1.16 J 1 U 24200 J 11.4 J 34 J 21.6 J

18IMWT001 Puz 01/23/2012 8500 4 U 8.28 97.5 0.591 J 1 U 61000 26.2 27.2 16.6

SWMU 22 - Lead Azide Pond

22MWT01 Puz 05/22/2012 NA NA 1.4 34.2 NA 0.9 NA 4 NA NA

BARIUM BERYLLIUM CADMIUM CALCIUM CHROMIUM COBALT COPPERARSENICSWMU/WELL
WATER-

BEARING ZONE
SAMPLE DATE ALUMINUM ANTIMONY
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TABLE 3-2

ANALYTICAL DATA SET

BASEWIDE PENNSYLVANIA BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

PAGE 2 OF 3

SWMU 01 - Mustard Gas Burial Ground

01-06 Plz 09/04/2001 398 1.6 U 156000 37.9 0.1 U 2.6 2790 0.8 U 3

SWMU 01 - Mustard Gas Burial Ground

08MWT07 Puz 06/02/2005 681 J 0.54 J 6750 J 93.9 J 0.03 U 7.8 J 518 J 0.33 J 0.028 U

SWMU 09 - Pesticide Control Area/R-150 Tank

09-10 Puz 01/31/2001 136 1 U 10600 J 164 0.2 U 10 U 5000 U 1 U 3 UJ

09T01 Puz 01/31/2001 144 1 U 26500 J 34.8 0.2 U 10 U 5000 U 1 U 3 UJ

09T05 Puz 01/30/2001 100 U 1 U 21900 J 178 0.2 U 51.2 5000 U 1 U 3 UJ

09-WTP6 Puz 01/23/2001 149 1 U 19800 J 15 0.2 U 10 U 5000 U 1.1 J 3 U

SWMU 10 - Rockeye

10C52 Plz 01/18/2001 22200 1 U 11800 J 897 0.2 U 10 U 5000 U 1 U 3 U

SWMU 12 - Mine Fill A

12MWT25 Puz 10/10/2004 1920 J 0.66 U 229000 J 4910 J 0.042 U 103 J 5320 J 3.4 J 0.03 U

12MWT25 02/04/2005 1110 J 0.425 U 153000 J 2200 J 0.03 U 32 J 3320 J 1.9 J 0.028 U

12MWT26 Puz 09/26/2004 2990 J 0.53 U 70000 J 2520 J 0.14 U 60.1 J 3740 J 0.28 U 0.028 U

12MWT26 02/17/2005 2010 J 0.157 U 50000 J 1020 J 0.051 U 12.8 J 1630 J 0.99 J 0.028 U

12MWT27 Puz 09/25/2004 482 J 0.37 U 16400 J 701 J 0.03 U 30.7 J 3710 J 0.61 U 0.028 U

12MWT27 02/07/2005 396 J 0.42 U 16500 J 160 J 0.03 U 7.3 J 1080 J 0.37 U 0.028 U

12MWT33 Pmz 09/26/2004 41800 J 0.34 U 33500 J 3010 J 0.043 U 131 J 4520 J 0.094 U 0.028 U

12MWT33 02/18/2005 41700 J 1 U 27200 J 1680 J 0.05 U 110 J 4770 J 0.31 U 0.028 U

SWMU 13 - Mine Fill B

13MWT01 Puz 04/26/2003 135 J 1.4 U 6790 J 689 J 0.16 J 26.6 J 494 J 0.17 U 0.18 U

13MWT01 11/23/2003 61.7 U 1.2 U 5850 J 566 U 0.39 21.1 J 403 J 0.05 U 0.03 U

13MWT03 Puz 04/26/2003 1910 J 2 U 17000 J 302 J 0.02 U 99.7 J 2860 J 0.32 U 0.43 U

13MWT03 Puz 11/11/2003 344 U 0.67 U 15800 J 211 J 0.02 U 76.3 J 1040 J 0.04 U 0.03 U

13MWT28 Plz 12/07/2003 2460 J 2.5 U 2950 J 66.7 J 0.007 U 7.1 J 3670 J 4.1 J 0.03 U

SWMU 16 - Cast High

16MW02 Puz 04/24/2003 287 J 0.21 U 6240 J 916 J 0.02 U 34.2 J 738 J 0.05 U 0.09 U

16MW02 05/11/2003 415 J 0.28 U 6480 J 864 J 0.2 U 27 J 3390 U 0.06 U 0.04 U

16MW02 10/25/2003 13700 J 0.18 U 35200 J 2440 J 0.02 U 36.7 J 2640 J 0.04 U 0.03 U

16MWT17 Puz 12/05/2003 27000 J 0.24 U 16700 J 5940 J 0.007 U 125 J 5380 J 0.07 U 0.03 U

SWMU 18 - Load and Fill Area

18AMWT001 Puz 01/20/2012 1970 J 0.75 U 5510 1270 0.2 U 76.1 2230 1.25 U 0.5 U

18DMWT001 Puz 01/17/2012 12.7 J 0.75 U 15100 6.89 0.2 U 1.56 J 1170 J 1.25 U 0.5 U

18GMWT004 Puz 01/19/2012 11300 J 11.7 J 10800 J 1180 J 0.2 UJ 88.1 J 5000 J 2.5 UJ 1 U

18IMWT001 Puz 01/23/2012 22500 15.5 37100 1890 0.2 U 55.8 5370 2.5 U 1 U

SWMU 22 - Lead Azide Pond

22MWT01 Puz 05/22/2012 NA 3.2 NA NA 0.18 U NA NA 0.45 J 0.06 U

NICKEL POTASSIUM SELENIUM SILVERMERCURYSWMU/WELL
WATER-

BEARING ZONE
SAMPLE DATE IRON LEAD MAGNESIUM MANGANESE
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TABLE 3-2

ANALYTICAL DATA SET

BASEWIDE PENNSYLVANIA BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

PAGE 3 OF 3

SWMU 01 - Mustard Gas Burial Ground

01-06 Plz 09/04/2001 17200 5 190 U 3 U 1.1 U

SWMU 01 - Mustard Gas Burial Ground

08MWT07 Puz 06/02/2005 36500 J 0.26 U 0.1 U 1.14 U 12.4 J

SWMU 09 - Pesticide Control Area/R-150 Tank

09-10 Puz 01/31/2001 57600 J 1 U 10 U 2 U 10 U

09T01 Puz 01/31/2001 134000 J 1 U 10 U 2.1 10 U

09T05 Puz 01/30/2001 102000 J 1 U 10 U 2 U 25.4

09-WTP6 Puz 01/23/2001 48900 J 1 U 10 U 2 U 13.2

SWMU 10 - Rockeye

10C52 Plz 01/18/2001 15700 J 1 U 10 U 2 U 10 U

SWMU 12 - Mine Fill A

12MWT25 Puz 10/10/2004 152000 J 0.08 J 0.24 U 1.14 U 20.8 J

12MWT25 02/04/2005 116000 J 0.08 U 0.09 U 1.14 U 26.1 J

12MWT26 Puz 09/26/2004 165000 J 0.043 U 0.06 U 1.14 U 12.1 J

12MWT26 02/17/2005 143000 J 0.06 U 0.33 U 1.14 U 8 J

12MWT27 Puz 09/25/2004 53600 J 0.043 U 0.69 U 1.14 U 11.3 J

12MWT27 02/07/2005 39200 J 0.043 U 0.15 U 1.14 U 3.3 U

12MWT33 Pmz 09/26/2004 40300 J 0.043 U 0.048 U 1.14 U 96 J

12MWT33 02/18/2005 32200 J 0.043 U 0.38 U 1.14 U 128 J

SWMU 13 - Mine Fill B

13MWT01 Puz 04/26/2003 24300 J 0.11 U 0.1 U 0.08 U 29.7 J

13MWT01 11/23/2003 26100 J 0.08 U 0.1 U 0.06 U 29.9 J

13MWT03 Puz 04/26/2003 37400 J 0.23 U 0.34 U 5.8 J 161 J

13MWT03 Puz 11/11/2003 40700 J 0.04 U 0.1 U 0.76 U 97.7 J

13MWT28 Plz 12/07/2003 124000 J 0.06 U 0.63 U 12.5 J 6.7 J

SWMU 16 - Cast High

16MW02 Puz 04/24/2003 18000 J 0.1 U 0.06 U 0.3 U 50 J

16MW02 05/11/2003 17900 J 0.11 U 0.07 U 0.35 U 42.9 J

16MW02 10/25/2003 20200 J 0.08 U 0.1 U 0.09 U 15.8 J

16MWT17 Puz 12/05/2003 61300 J 0.12 U 0.1 U 0.17 U 122 J

SWMU 18 - Load and Fill Area

18AMWT001 Puz 01/20/2012 10100 1 U NA 2.5 U 63.1

18DMWT001 Puz 01/17/2012 34300 1 U NA 2.5 U 2.16 J

18GMWT004 Puz 01/19/2012 89300 2 U NA 7.47 J 78.2 J

18IMWT001 Puz 01/23/2012 50300 2 U NA 17.9 85

SWMU 22 - Lead Azide Pond

22MWT01 Puz 05/22/2012 NA NA NA NA NA

NOTES

Results are for total metals (i.e., unfiltered samples) in micrograms per liter (µg/L).

NA = Parameter not analyzed.

J - Indicates that the parameter was detected but the concentration is considered an estimate due to imprecision.

U - Indicates that the parameter was not detected at the numerical detection limit.

UJ - Indicates that the parameter was not detected and the result is estimated.

Plz - Pennsylvanian (lower zone).

Pmz - Pennsylvanian (middle zone).

Puz - Pennsylvanian (upper zone).

TIN VANADIUM ZINCSODIUM THALLIUMSWMU/WELL
WATER-

BEARING ZONE
SAMPLE DATE
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4.0 EVALUATION OF BACKGROUND CONCENTRATIONS

This section presents the results of the statistical evaluation performed to establish the background data

set for metals in groundwater within the Pennsylvanian bedrock at NSA Crane. It also discusses use of

the background data set in future investigations.

4.1 STATISTICAL EVALUATION SUMMARY

Table 4-1 presents the results of the statistical evaluation of metals in background groundwater at NSA

Crane. The calculated UTLs represent the background concentrations for groundwater within the

Pennsylvanian bedrock.

4.2 COMPARISON OF SITE TO BACKGROUND CONCENTRATIONS

For comparisons of site data to background data, either site-wide tests or individual comparison tests will

be used to compare site concentrations to background concentrations. Site-wide tests are used to

compare an average (for normal distributions)/median (for non-parametric distributions) site concentration

to an average/median background concentration. Individual comparison tests are used to compare

individual site concentrations to a representative background concentration. Site-wide comparisons are

generally the preferred method of comparison. If site-wide comparisons cannot be used, then the

alternative is to use individual comparison tests.

Site-wide comparison tests require that the site and background media data sets being compared meet

certain general assumptions. General requirements are that a specific minimum number of samples be

included in the site and background data sets so that there is sufficient confidence in the test conclusions.

A sample size calculation will be conducted prior to usage to ensure the desired level of confidence is

reached. The sample size determination will be in accordance with the project data quality objectives,

Navy guidance, or other appropriate methods. Enough site data are to be collected to evaluate the null

hypothesis that site conditions are not representative of background conditions against the alternative

hypothesis that site conditions are representative of background, with alpha and beta error levels of 0.05,

and a minimum detectable difference of two background standard deviations. If enough site data to meet

the criterion for site-wide comparisons cannot be obtained, the alternative is to perform a separate

comparison of each site sample to background using individual comparison tests.

U.S. EPA’s ProUCL, Version 4.1.1, calculates multiple background values and accounts for non-detected

concentrations. One of the background threshold values calculated by ProUCL is a 95-percent UTL.
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UTLs were established for each metal based on the null hypothesis that individual site concentrations are

within the background concentration range. For individual comparisons, concentrations of each metal

from each site sample are compared to a UTL for that metal that represents a statistically derived upper

limit on the average background concentration. Table 4-1 presents the 95-percent UTLs for groundwater

from the Pennsylvanian aquifer at NSA Crane. (The data input for ProUCL used to calculate the UTLs is

provided in Appendix E.)



TABLE 4-1

SUMMARY STATISTICS
BASEWIDE PENNSYLVANIAN BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

PARAMETER(1) FOD
RANGE OF DETECTION 

LIMITS

MINIMUM 

DETECTED 

CONCENTRATION

MAXIMUM 

DETECTED 

CONCENTRATION
MEAN(3)

STANDARD 

DEVIATION(3) DATA DISTRIBUTION(2)

ALUMINUM 19/28  8.3 - 200 28.5 8,500 1192 2220 Log-Normal 6,183

ANTIMONY 1/28  0.02 - 4 2.9 2.9 NA(5) NA(5) Assumed Nonparametric NA (6)

ARSENIC 12/29  0.16 - 3.2 0.66 15.2 2 3.2 Assumed Nonparametric 9.1
BARIUM 27/29  12.8 - 15.6 13.2 97.5 41.3 24.9 Log-Normal 96.9

BERYLLIUM 6/28  0.02 - 1.8 0.1 3.01 0.40 0.70 Assumed Nonparametric 2.0 (7)

CADMIUM 3/29  0.039 - 1 0.08 0.9 0.14 0.19 Assumed Nonparametric 0.55 (7)

CALCIUM 28/28 NA 7,190 216,000 39300 58500 Log-Normal 216,000

CHROMIUM 9/29  0.17 - 5 0.58 26.2 2.7 5.3 Assumed Nonparametric 14.6 (7)

COBALT 21/28  1 - 3 2 64.4 21.7 19.5 Nonparametric 65.5
COPPER 17/28  0.12 - 2.1 0.67 21.6 3.4 5 Log-Normal 14.6
IRON 25/28  61.7 - 344 12.7 41,800 7070 12200 Log-Normal 34,500

LEAD 4/29  0.157 - 2.5 0.54 15.5 1.5 3.4 Assumed Nonparametric 9.0 (7)

MAGNESIUM 28/28 NA 2,950 229,000 19400 53700 Log-Normal 229,000
MANGANESE 27/28  566 - 566 6.89 5940 1200 1460 Log-Normal 4,470

MERCURY 2/29  0.007 - 0.2 0.16 0.39 0.17 0.04 Assumed Nonparametric NA (6)

NICKEL 24/28  10 - 10 1.56 131 44.6 40.4 Log-Normal 135
POTASSIUM 22/28  3,390 - 5,000 403 5,380 2690 1670 Nonparametric 6,450

SELENIUM 7/29  0.04 - 2.5 0.33 4.1 0.70 0.91 Assumed Nonparametric 2.7 (7)

SILVER 0/29  0.028 - 3 NA NA NA NA Assumed Nonparametric NA (6)

SODIUM 28/28 NA 10,100 165,000 45800 46900 Log-Normal 165,000

THALLIUM 1/28  0.04 - 5 0.08 0.08 NA(5) NA(5) Assumed Nonparametric NA (6)

TIN 0/24  0.048 - 190 NA NA NA NA Assumed Nonparametric NA (6)

VANADIUM 5/28  0.06 - 3 2.1 17.9 3.4 3.6 Assumed Nonparametric 11.4 (7)

ZINC 23/28  1.1 - 10 2.16 161 41.2 44.2 Log-Normal 140

NOTES
(1)  Results for total metals (i.e., unfiltered samples)in micrograms per liter (µg/L).
(2)  Data distribution determined using Shaprio Wilk Test with a 5-percent significance level.
(3)  When non-detects are present the Kaplain-Meier mean and standard deviation are presented.  The geometric mean is presented if the data are all detect and follow a log-normal distribution. 
       'Otherwise the arithmetic mean and standard deviation are presented.
(4)  UTLs are presented using three significant figures if the value is greater than 10; otherwise, two significant figures are presented.
(5)  UTLs were calculated using ProUCL, Version 4.1.1.  For assumed nonparametric, the 95-percent KM UTL is presented.
(6)  There is two or less detected concentrations.  Computing sumary statistics is not approporiate.
(7)  ProUCL warns that there may not be enough detected concentrations for the calculations to be reliable enough to draw conclusions.

Rationale for UTL Selected from ProUCL Output
If all data detected and data distribution are not Normal, use Nonparamtric 95-percent UTL with 95-percent Coverage.
If any data are non-detect, use 95-percent Kaplain Meier UTL with 95-percent Coverage.

FOD = Frequency of detection.

KM = Kaplan-Meier.

UTL = Upper tolerance limit.

NA = Not applicable.

UTL(4,5)
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Appendix A: 	 Water Chemistry in Region 3 (Odon-Elnora Area) 

Well 

ID Date 

UNITS: 

DE? LIM: 

PRECISION: 

Temp 

Thrmometr 

°C 

±0.1 

DO 

mg/L 

.1 

±.1 

TEMP 

Thrmistr 

°C 

±0.1 

SpC 

1 µsho 

(25 	°C) 

pH 

±.01 

Eh 

Zobell 

mV 

±1 

Eh 

Sample 

NV 

±1 

Alkalinity 	HCO3- 

eq CaCO3 	ppm 

±0.1% 

CO3: 

ppm 

105 08-Aug-88 15.0 0.58 15.5 910 8.37 152 90 509 573 24 

106 08-Aug-88 15.6 0.50 16.3 2916 8.89 148 -31 1204 1440 14 

107 08-Aug-88 15.7 0.59 16.3 532 8.10 144 -135 297 362 0 

108 09-Aug-88 15.5 1.18 16.0 1174 8.93 153 133 657 764 18 

109 09-Aug-88 14.9 0.63 15.4 726 7.88 150 -188 407 497 0 

110 09-Aug-88 15.4 0.86 15.9 491 8.04 141 -182 267 326 0 

111 09-Aug-88 16.0 7.90 16.5 266 6.65 145 191 23 29 0 

112 09-Aug-88 17.6 2.50 18.4 561 7.80 143 88 302 369 0 

113 09-Aug-88 14.9 0.61 15,4 482 8.24 140 -258 269 325 1 

114 10-Aug-88 15.5 0.42 16.0 601 8.02 156 -168 312 369 6 

115 10-Aug-88 15.4 0.49 16.1 2401 8.39 155 -36 1331 1600 12 

116 10-Aug-88 16.0 0.52 16.6 1501 9.18 151 -154 708 798 32 

117 10-Aug-88 16.0 0.49 16.7 495 7.55 146 -283 270 329 0 

118 10-Aug-88 15.1 0.65 15.6 562 8.50 138 128 318 380 4 

119 10-Aug-88 15.0 3.81 15.5 443 6.67 137 275 128 156 0 

120 11-Aug-88 15.5 0.43 15.9 837 8.64 153 -233 484 575 8 

121 11-Aug-88 16.4 0.87 16.9 1066 9.18 148 72 585 660 26 

122 11-Aug-88 15.4 4.4 15.8 552 7.26 142 -110 293 357 0 

123 11-Aug-88 16.0 0.74 16.9 609 8.23 135 156 327 391 4 

124 14-Aug-88 15.9 0.49 16.5 339 6.99 150 -146 190 232 0 

125 14-Aug-88 15.9 0.44 16.4 725 8.33 143 -252 404 493 0 

126 15-Aug-88 16.1 0.11 16.6 1268 9.17 153 -328 651 739 27 

127 15-Aug-88 16.2 0.59 16.8 640 6.43 144 -71 138 169 0 

128 15-Aug-88 16.0 0.45 16.6 395 7.51 132 -146 210 256 0 

129 15-Aug-88 15.9 0.61 16.6 536 7.30 125 -89 304 371 0 

130 15-Aug-88 16.8 0.4 17.4 652 7.44 128 106 376 459 0 

131 16-Aug-88 15.8 6.85 16.3 169 6.08 146 211 74 11 0 

132 16-Aug-88 17.8 0.47 18.4 1229 9.29 134 75 609 618 61 

133 16-Aug-88 16.0 0.41 16.6 1248 9.33 128 54 692 833 6 

134 16-Aug-88 15.7 0.49 16.3 733 8.42 127 78 468 571 0 

135 16-Aug-88 16.4 0.39 16.9 605 7.34 122 -190 336 397 7 

136 16-Aug-88 15.8 4 16.3 776 8.39 126 126 429 524 0 

137 17-Aug-88 16.5 0.39 16.9 480 7.24 168 -31 273 333 0 

138 17-Aug-88 15.3 0.42 15.8 500 7.48 154 -128 263 321 0 

139 17-Aug-88 15.5 0.51 15.9 482 7.36 158 -167 217 265 0 

140 17-Aug-88 15.0 3.82 15.5 492 7.14 145 237 228 278 0 

141 17-Aug-88 16.2 0.4 16.7 935 9.00 145 -75 519 593 20 

142 13-Sep-88 14.9 0.49 15.3 150 6.34 183 -10 82 100 0 

143 13-Sep-88 14.8 0.50 15.2 409 6.94 174 -120 223 272 0 

144 13-Sep-88 16.4 6.90 16.8 300 5.80 172 273 48 59 0 

145 13-Sep-88 16.2 0.30 16.6 1202 7.41 170 -207 389 475 0 

146 13-Sep-88 15.3 0.31 15,7 905 7.14 170 -90 298 363 0 

147 13-Sep-88 15.4 0.28 15.7 1004 7.19 173 -189 261 319 0 

148 13-Sep-88 15.6 0.21 15.3 750 8.13 174 -154 416 506 1 

149 14-Sep-88 15.7 0.32 16.2 3660 8.60 183 33 1057 1251 19 

150 14-Sep-88 16.4 0.17 17.0 1501 8.63 175 -223 470 559 7 

151 14-Sep-88 15.6 0.30 15.9 713 8.40 172 -282 409 484 7 

13 

Appendix A: 	 Water Chemistry in Region 3 (Odon-Elnora Area) 

Well 
ID Date 

UNITS: 
DE? LIM: 

PRECISION: 

Temp 
Thrmometr 

°C 

±0.1 

DO 

mg/L 
.1 

±.1 

TEMP 
Thrmistr 

°C 

±0.1 

SpC 

1 usho 
(25 	°C) 

pH 

±.01 

Eh 
Zobell 

mV 

11 

Eh 
Sample 

mV 

11 

Alkalinity 	HCO3- 

eq CaCO3 	ppm 

±0.1% 

CO3: 

ppm 

105 08-Aug-88 15.0 0.58 15.5 910 8.37 152 90 509 573 24 
106 08-Aug-88 15.6 0.50 16.3 2916 8.89 148 -31 1204 1440 14 
107 08-Aug-88 15.7 0.59 16.3 532 8.10 144 -135 297 362 0 
108 09-Aug-88 15.5 1.18 16.0 1174 8.93 153 133 657 764 18 
109 09-Aug-88 14.9 0.63 15.4 726 7.88 150 -188 407 497 0 
110 09-Aug-88 15.4 0.86 15.9 491 8.04 141 -182 267 326 0 
111 09-Aug-88 16.0 7.90 16.5 266 6.65 145 191 23 29 0 
112 09-Aug-88 17.6 2.50 18.4 561 7.80 143 88 302 369 0 
113 09-Aug-88 14.9 0.61 15,4 482 8.24 140 -258 269 325 1 
114 10-Aug-88 15.5 0.42 16.0 601 8.02 156 -168 312 369 6 
115 10-Aug-88 15.4 0.49 16.1 2401 8.39 155 -36 1331 1600 12 
116 10-Aug-88 16.0 0.52 16.6 1501 9.18 151 -154 708 798 32 
117 10-Aug-88 16.0 0.49 16.7 495 7.55 146 -283 270 329 0 
118 10-Aug-88 15.1 0.65 15.6 562 8.50 138 128 318 380 4 
119 10-Aug-88 15.0 3.81 15.5 443 6.67 137 275 128 156 0 
120 11-Aug-88 15.5 0.43 15.9 837 8.64 153 -233 484 575 8 
121 11-Aug-88 16.4 0.87 16.9 1066 9.18 148 72 585 660 26 
122 11-Aug-88 15.4 4.4 15.8 552 7.26 142 -110 293 357 0 
123 11-Aug-88 16.0 0.74 16.9 609 8.23 135 156 327 391 4 
124 14-Aug-88 15.9 0.49 16.5 339 6.99 150 -146 190 232 0 
125 14-Aug-88 15.9 0.44 16.4 725 8.33 143 -252 404 493 0 
126 15-Aug-88 16.1 0.11 16.6 1268 9.17 153 -328 651 739 27 
127 15-Aug-88 16.2 0.59 16.8 640 6.43 144 -71 138 169 0 
128 15-Aug-88 16.0 0.45 16.6 395 7.51 132 -146 210 256 0 
129 15-Aug-88 15.9 0.61 16.6 536 7.30 125 -89 304 371 0 
130 15-Aug-88 16.8 0.4 17.4 652 7.44 128 106 376 459 0 
131 16-Aug-88 15.8 6.85 16.3 169 6.08 146 211 74 11 0 
132 16-Aug-88 17.8 0.47 18.4 1229 9.29 134 75 609 618 61 
133 16-Aug-88 16.0 0.41 16.6 1248 9.33 128 54 692 833 6 
134 16-Aug-88 15.7 0.49 16.3 733 8.42 127 78 468 571 0 
135 16-Aug-88 16.4 0.39 16.9 605 7.34 122 -190 336 397 7 
136 16-Aug-88 15.8 4 16.3 776 8.39 126 126 429 524 0 
137 17-Aug-88 16.5 0.39 16.9 480 7.24 168 -31 273 333 0 
138 17-Aug-88 15.3 0.42 15.8 500 7.48 154 -128 263 321 0 
139 17-Aug-88 15.5 0.51 15.9 482 7.36 158 -167 217 265 0 
140 17-Aug-88 15.0 3.82 15.5 492 7.14 145 237 228 278 0 
141 17-Aug-88 16.2 0.4 16.7 935 9.00 145 -75 519 593 20 
142 13-Sep-88 14.9 0.49 15.3 150 6.34 183 -10 82 100 0 
143 13-Sep-88 14.8 0.50 15.2 409 6.94 174 -120 223 272 0 
144 13-Sep-88 16.4 6.90 16.8 300 5.80 172 273 48 59 0 
145 13-Sep-88 16.2 0.30 16.6 1202 7.41 170 -207 389 475 0 
146 13-Sep-88 15.3 0.31 15,7 905 7.14 170 -90 298 363 0 
147 13-Sep-88 15.4 0.28 15.7 1004 7.19 173 -189 261 319 0 
148 13-Sep-88 15.6 0.21 15.3 750 8.13 174 -154 416 506 1 
149 14-Sep-88 15.7 0.32 16.2 3660 8.60 183 33 1057 1251 19 
150 14-Sep-88 16.4 0.17 17.0 1501 8.63 175 -223 470 559 7 
151 14-Sep-88 15.6 0.30 15.9 713 8.40 172 -282 409 484 7 
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Appendix A: 	 Water Chemistry in Region 3 (Odon-Elnora Area) 

Well 

ID Date 

UNITS: 

Temp 

Thrmometr 

'C 

DO 

mg/L 

TEMP 

Thrmistr 

QC 

SpC 

1 pmho 

pH 

Eh 

Zobell 

mV 

Eh 

Sample 

0 

Alkalinity 	HCO3- 

eq CaCO3 	ppm 

CO3= 

ppa 

DET LIM: .1 (25 	°C) 

PRECISION: ±0.1 1.1 10.1 1.01 ±1 ±1 ±0.1% 

152 14-Sep-88 15.6 0.29 16.0 563 7.10 174 -158 312 381 0 

153 14-Sep-88 14.6 0.53 15.0 515 7.38 174 -148 225 275 0 

154 14-Sep-88 15.6 0.17 15.9 547 7.03 174 -147 300 366 0 

155 14-Sep-88 15.6 0.40 15.9 2248 8.12 176 -260 624 762 0 

156 18-Sep-88 16.2 8.21 16.6 568 6.91 186 249 282 344 0 

157 18-Sep-88 14.8 0.28 15.1 623 7.34 184 -152 343 419 0 

158 20-Sep-88 15.6 0.51 16.0 480 6.96 183 -78 265 323 0 

159 20-Sep-88 15.8 0.42 16.1 507 7.14 174 -83 275 335 0 

160 20-Sep-88 16.3 3.08 16.6 608 7.67 172 152 335 409 0 

161 20-Sep-88 14.9 0.62 15.2 439 6.88 172 141 245 299 0 

162 20-Sep-88 15.4 0.22 15.8 425 6.97 176 -115 238 290 0 

163 21-Sep-88 14.9 0.19 15.2 407 7.14 191 -126 240 293 0 

164 21-Sep-88 16.6 0.2 16.9 894 7.67 187 -208 392 479 0 

165 21-Sep-88 16.3 0.19 16.5 458 7.14 187 -141 213 260 0 

166 21-Sep-88 14.6 0.21 14.9 1090 7.58 179 -85 427 521 0 

167 21-Sep-88 14.8 2.86 15.1 422 6.62 178 216 162 198 0 

168 21-Sep-88 15.0 8.11 15.4 307 5.99 176 254 49 60 0 

MEAN 15.7 1.34 16.2 797 7.67 158 -47 370 440 5 

STD DEY 0.6 2.08 0.7 614 0.86 19 162 242 285 11 

MAX 17.8 8.21 18.4 3660 9.33 191 275 1331 1600 61 

MIN 14.6 0.11 14.9 150 5.80 122 -328 23 11 0 

14 

Appendix A: 	 Water Chemistry in Region 3 (Odon-Elnora Area) 

Well 
ID Date 

UNITS: 
DET LIM: 

PRECISION: 

Temp 
Thrmometr 

'C 

10.1 

DO 

mg/L 
.1 

1.1 

TEMP 
Thrmistr 

*C 

10.1 

SpC 

1 pmho 
(25 	°C) 

pH 

1.01 

Eh 
Zobell 

mV 

11 

Eh 
Sample 

0 

11 

Alkalinity 	11CO3- 

eq CaCO3 	ppm 

10.1% 

CO3: 

ppm 

152 14-Sep-88 15.6 0.29 16.0 563 7.10 174 -158 312 381 0 
153 14-Sep-88 14.6 0.53 15.0 515 7.38 174 -148 225 275 0 
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155 14-Sep-88 15.6 0.40 15.9 2248 8.12 176 -260 624 762 0 
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MEAN 15.7 1.34 16.2 797 7.67 158 -47 370 440 5 
STD DEY 0.6 2.08 0.7 614 0.86 19 162 242 285 11 

MAX 17.8 8.21 18.4 3660 9.33 191 275 1331 1600 61 
MIN 14.6 0.11 14.9 150 5.80 122 -328 23 11 0 
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Appendix A: 

Well 
ID Cl- 

PPE 
1 

NO3- 

PPE 
1 

SO4- 

PPE 
1 

Water Chemistry in Region 3 (Odon-Elnora Area) 

F- 	Ca 	Mg 	B 	Na 	Fe 

PPE 	PPE 	PPE 	PPE 	PPE 	PPb 
.1 	.02 	.02 	.03 	.09 	3 

Zn 

PPb 
2 

Pb 

PPb 
2 

Sr 

PPE 
.06 

Ba 

PPE 
.04 

105 5 3 (1 2.7 0.964 0.282 5.208 275.3 15 5 5 0.018 0.057 
106 25 4 <1 7.6 1.911 1.012 12.43 688.2 26 51 8 0.185 0.121 
107 1 <1 12 0.7 10.37 3.038 6.319 116.8 35 <2 3 0.165 0.110 
108 13 <1 <1 5.5 3.051 1.353 2.902 331.6 <3 10 <2 0.035 0.038 
109 3 18 <1 2.3 6.697 3.718 4.510 187.2 434 363 4 0.144 0.428 
110 2 <1 8 0.1 7.887 1.880 3.147 104.8 284 <2 2 0.071 0.156 
111 64 76 6 0.1 17.42 7.539 1.433 38.11 37 30 6 0.030 0.060 
112 5 1 15 0.2 73.65 19.63 0.419 5.231 21 5 3 0.078 0.034 
113 2 <1 <1 1.3 8.898 2.364 1.713 102.5 243 89 3 0.040 0.084 
114 2 (1 20 0.8 13.05 3.091 2.972 126.9 95 25 2 0.119 0.080 
115 59 <1 <1 4.8 2.373 0.889 5.524 574.3 29 <2 <2 0.139 0.195 
116 25 <1 <1 6.0 1.393 0.411 3.042 398.2 16 <2 <2 0.036 0.055 
117 2 37 (1 0.5 42.55 13.63 1.748 37.93 1315 108 <2 0.218 0.159 
118 2 <1 10 1.2 5.337 1.351 2.517 137.6 14 52 2 0.064 0.138 
119 20 41 35 0.2 48.30 1.304 1.224 18.44 7 9 <2 0.084 0.033 
120 9 <1 5 1.7 3.923 1.298 2.902 246.6 35 <2 <2 0.083 0.145 
121 12 (1 4 3.1 0.269 0.107 2.238 340.0 <3 30 <2 0.015 0.019 
122 6 <1 3 0.8 39.53 19.17 3.497 40.26 183 244 <2 0.406 0.613 
123 6 <1 13 0.5 12.77 4.595 2.273 129.7 4 69 <2 0.081 0.149 
124 2 <1 <1 0.6 13.84 5.792 2.797 46.51 2543 415 <2 0.106 0.210 
125 4 <1 (1 1.6 6.352 2.242 2.587 176.2 36 75 <2 0.075 0.069 
126 44 <1 <1 3.2 0.773 0.227 2.727 388.9 80 <2 3 0.028 0.052 
127 6 <1 177 0.1 59.69 15.05 3.147 37.73 2884 53 6 0.150 0.019 
128 1 <1 2 0.8 8.513 4.451 2.657 59.82 40 <2 <2 0.137 0.100 
129 1 <1 (1 0.9 37.30 22.01 3.951 34.61 82 17 2 0.488 0.713 
130 21 <1 <1 1.0 7.420 2.517 3.636 170.6 13 199 <2 0.080 0.106 
131 38 36 <1 0.1 21.73 9.998 1.223 22.17 8 31 <2 0.036 0.049 
132 34 <1 <1 2.5 1.071 0.477 2.552 358.3 9 3 (2 0.031 0.034 
133 9 <1 <1 3.6 0.774 0.286 2.552 360.9 24 <2 <2 0.031 0.028 
134 29 <1 <1 1.5 4.696 1.319 3.811 236.0 21 18 5 0.110 0.067 
135 2 (1 <1 0.9 60.91 26.91 2.483 19.92 381 <2 <2 0.609 0.812 
136 3 <1 2 1.6 3.754 2.692 2.797 189.2 <3 63 <2 0.090 0.076 

137 1 <1 <1 0.5 54.51 17.03 1.532 14.81 102 24 2 0.291 0.844 
138 1 <1 <1 0.2 53.83 18.74 0.847 9.751 270 158 <2 0.170 0.259 
139 1 <1 (1 0.3 53.71 18.14 1.452 10.83 1661 423 <2 0.251 0.403 
140 5 12 32 0.7 65.05 21.67 1.230 1.724 <3 7 <2 0.855 0.092 
141 3 <1 <1 2.4 1.103 0.357 2.822 250.2 34 16 <2 0.027 0.032 
142 2 <1 2 0.1 12.58 5.683 0.870 13.70 2740 11 <2 0.065 0.073 
143 9 <1 32 0.2 59.08 21.92 0.620 9.637 3445 6 <2 0.458 0.519 
144 15 68 50 <0.1 28.00 12.61 1.351 32.22 49 13 <2 0.046 0.054 
145 215 <1 37 0.6 57.64 20.46 3.736 285.4 4156 230 <2 0.516 0.591 
146 86 (1 6 0.4 56,35 23,82 3.625 96,15 424 <2 <2 0.158 0.178 
147 210 <1 60 0.4 71.06 35.43 4.875 183.9 6456 645 <2 0.281 0.331 
148 26 <1 11 0.9 8.129 3.025 3.226 189,4 128 16 <2 0.111 0.137 
149 484 <1 98 7.3 4.054 3.551 5.457 791.9 41 22 <2 0.075 0.087 
150 184 <1 5 1.3 20.96 9.158 3.123 344.0 43 66 6 0.448 0.518 
151 19 <1 2 1.2 12.54 6.162 2.058 178.1 199 9 <2 0.169 0.194 
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Appendix A: 	 Water Chesistry in Region 3 (Odon-Elnora Area) 

Well 

ID Cl- 

PPE 
1 

NO3- 

PPE 
1 

SO4- 

PPE 
1 

F- 

PPE 
. 1 

Ca 

PPE 
.02 

Ng 

PPE 
.02 

g 

PPE 
.03 

Na 

PPE 
.09 

Fe 

PPb 
3 

Zn 

PPb 
2 

Pb 

PPb 
2 

Sr 

PPE 
.06 

Ba 

PPE 
.04 

152 2 <1 <1 0.3 51.51 19.97 1.933 41.69 1746 329 <2 0.183 0.212 
153 2 <1 6 0.6 54.34 22.24 1.862 39.81 1009 9 7 0.168 0.173 
154 11 <1 <1 0.4 41.41 11.95 2.289 41.70 2031 160 <2 0.159 0.166 
155 318 <1 18 2.8 38.59 15.46 3.346 562.5 676 16 <2 0.251 0.261 
156 12 31 27 0.2 89.05 31.49 1.212 4.474 15 3 <2 0.454 0.025 
157 6 <1 (1 1.3 29.03 14.64 3.168 97,08 471 (2 <2 0.836 0.979 
158 2 <1 2 0.7 39.44 21.91 3.067 25.07 430 27 <2 0.513 0.255 
159 1 <1 <1 0.7 49.49 0.729 2.663 24.14 272 <2 <2 0.676 0.462 
160 2 <1 3 1.6 12.57 8.323 3.823 118.8 32 193 <2 0.297 0.148 
161 1 <1 7 0.5 54.36 24.81 1.586 9.906 33 289 <2 0.316 0.372 
162 1 <1 4 0.4 49.36 22.57 1.308 10.00 880 23 <2 0.224 0.349 
163 1 <1 (1 0.4 43.99 17.30 1.509 31.13 1170 595 <2 0.209 0.641 
164 60 (1 <1 2.4 28.47 12.11 3.644 175.8 1160 346 <2 0.636 0.570 
165 10 <1 26 0.1 57.60 22.89 1.154 2.739 5278 231 <2 0.139 0.052 
166 106 <1 21 2.1 30.86 9.834 2.812 247,7 158 4 3 0.260 0.486 
167 10 35 12 0.3 45.73 16.96 0.889 11.31 7 91 <2 0.157 0.037 
168 11 65 32 0.1 27.99 10.38 0.928 5,928 14 77 <2 0.070 0.021 

36 7 13 1.4 28.59 10.66 2.765 154.1 688 94 <2 0.210 0.227 
81 17 27 1.7 23.73 9.291 1.754 174.3 1303 146 2 0.200 0.232 

484 76 177 7.6 89.05 35.43 12.43 791.9 6456 645 8 0.855 0.979 
1 <1 <1 <0.1 0.269 0.107 0.419 1.724 <3 <2 <2 0.015 0.019 
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Appendix A: 	 Water Chemistry in Region 3 (Odon-Elnora Area) 

Well 

ID Nn 

ppb 

3 

Cr 

ppb 

2 

Cd 

ppb 

2 

As 

ppb 

2 

Hg 

ppb 

0.5 

Ag 

ppb 

1 

Se 

ppb 

2 

ANION 

SUM 

meq/L 

±1% 

CATION 

SUM 

leq/L 

11% 

EPH 

BALANCE 

% 

TDS 

ppm 

TDS/SpC 

HARDNESS 	RATIO 

ppm 

105 3 <2 <2 <2 <.5 <1 <2 10.5 12.2 7.4 889 4 1.0 
106 6 <2 <2 <2 <.5 <1 <2 25.2 30.4 9.3 2194 9 0.8 
107 6 <2 <2 <2 <.5 <1 <2 6.3 6.0 -1.9 513 38 1.0 
108 6 <2 <2 <2 <.5 <1 <2 13.8 14.8 3.4 1140 13 1.0 
109 24 <2 <2 <2 <.5 <1 <2 8.7 8.9 1.7 724 32 1.0 
110 15 <2 <2 <2 <.5 <1 <2 5.6 5.2 -3.3 454 27 0.9 
111 7 <2 <2 2 (.5 <1 <2 3.6 3.2 -6.7 242 74 0.9 
112 47 <2 <2 2 <.5 <1 <2 6.5 5.5 -8.3 492 265 0.9 
113 22 <2 <2 2 <.5 <1 <2 5.5 5.2 -3.1 447 32 0.9 
114 21 <2 <2 <2 <.5 <1 <2 6.8 6.5 -1.8 544 45 0.9 
115 7 <2 <2 <2 (.5 <1 <2 28.5 25.3 -5.9 2259 10 0.9 
116 7 <2 <2 <2 <.5 <1 <2 15.2 17.5 7.1 1264 5 0.8 
117 47 <2 <2 21 <.5 <1 <2 6.1 5.0 -9.5 487 162 1.0 
118 26 <2 <2 <2 <,5 <1 <2 6.7 6.4 -2.1 545 19 1.0 
119 22 <2 <2 2 <.5 <1 <2 4.5 3.4 -14.8 324 126 0.7 
120 10 <2 <2 <2 <.5 <1 <2 10.1 11.1 4.6 854 15 1.0 
121 10 <2 <2 <2 <.5 <1 <2 12.3 14.9 9.5 1049 1 1.0 
122 63 <2 4 <2 <.5 <1 <2 6.1 5.4 -6.1 471 177 0.9 
123 26 <2 <2 <2 <.5 <1 <2 7.0 6.7 -2.0 564 51 0.9 
124 114 <2 <2 <2 <.5 <1 <2 3.9 3.4 -6.4 307 58 0.9 
125 62 <2 <2 <2 (.5 <1 <2 8.3 8.2 -0.3 687 25 0.9 
126 26 <2 <2 <2 <.5 <1 <2 14.4 17.1 8.3 1206 3 1.0 
127 395 <2 <2 <2 <.5 <1 <2 6.6 6.1 -4.1 471 211 0.7 
128 44 <2 <2 25 <.5 <1 <2 4.3 3.5 -10.9 361 40 0.9 
129 47 <2 <2 <2 <.5 <1 <2 6.2 5.3 -7.4 472 183 0.9 
130 37 <2 <2 <2 c.5 <1 <2 8.2 8.1 -0.5 666 29 1.0 
131 3 <2 <2 4 (.5 <1 <2 3.1 2.9 -3.9 183 95 1.1 
132 3 3 <2 <2 <.5 <1 <2 13.3 15.7 8.5 1079 5 0.9 
133 7 5 <2 <2 <.5 <1 <2 14.3 15.8 5.1 1216 3 1.0 
134 9 3 <2 <2 <.5 <1 <2 10.3 10.7 2.2 848 17 1.2 
135 20 <2 <2 5 <.5 <1 <2 6.8 6.2 -4.7 524 263 0.9 
136 <3 3 <2 <2 <.5 <1 <2 8.8 8.7 -0.4 729 20 0.9 
137 <3 2 <2 <2 <.5 <1 <2 5.5 4.8 -6.6 424 206 0.9 
138 <3 2 <2 2 <.5 <1 <2 5.3 4.7 -6.0 408 211 0.8 
139 <3 3 <2 2 <.5 <1 <2 4.4 4.8 4.5 355 209 0.7 
140 <3 4 <2 <2 <.5 <1 <2 5.6 5.2 -4.3 419 251 0.9 
141 <3 5 <2 2 <.5 <1 <2 10.6 11.0 2.0 875 4 0.9 
142 170 <2 <2 5 <.5 <1 <2 1.8 1.9 3.3 145 55 1.0 
143 205 <2 <2 12 <.5 <1 <2 5.4 5.4 0.1 421 238 1.0 
144 5 <2 <2 5 <.5 <1 <2 3.5 3.3 4.4 272 122 0.9 
145 62 <2 <2 4 <.5 <1 <2 14.7 17.3 8.3 1105 228 0.9 
146 78 <2 <2 2 (.5 <1 <2 8.5 9.1 3.1 638 239 0.7 
147 100 <2 <2 5 <.5 <1 <2 12.4 15.0 9.3 897 323 0.9 
148 3 4 <2 <2 <.5 <1 <2 9.3 9.0 -1.9 749 33 1.0 
149 3 4 2 3 <.5 <1 23 37.2 35.1 -3.0 2691 25 0.7 
150 11 3 2 5 <.5 <1 <2 14.8 16.9 6.6 1140 90 0.7 
151 9 <2 <2 4 0.5 <1 <2 8.8 9.0 0.8 717 57 1.0 
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117 47 <2 <2 21 <.5 <1 <2 6.1 5.0 -9.5 487 162 1.0 
118 26 <2 <2 <2 <,5 <1 <2 6.7 6.4 -2.1 545 19 1.0 
119 22 <2 <2 2 <.5 <1 <2 4.5 3.4 -14.8 324 126 0.7 
120 10 <2 <2 <2 <.5 <1 <2 10.1 11.1 4.6 854 15 1.0 
121 10 <2 <2 <2 <.5 <1 <2 12.3 14.9 9.5 1049 1 1.0 
122 63 <2 4 <2 <.5 <1 <2 6.1 5.4 -6.1 471 177 0.9 
123 26 <2 <2 <2 <.5 <1 <2 7.0 6.7 -2.0 564 51 0.9 
124 114 <2 <2 <2 <.5 <1 <2 3.9 3.4 -6.4 307 58 0.9 
125 62 <2 <2 <2 (.5 <1 <2 8.3 8.2 -0.3 687 25 0.9 
126 26 <2 <2 <2 <.5 <1 <2 14.4 17.1 8.3 1206 3 1.0 
127 395 <2 <2 <2 <.5 <1 <2 6.6 6.1 -4.1 471 211 0.7 
128 44 <2 <2 25 <.5 <1 <2 4.3 3.5 -10.9 361 40 0.9 
129 47 <2 <2 <2 <.5 <1 <2 6.2 5.3 -7.4 472 183 0.9 
130 37 <2 <2 <2 c.5 <1 <2 8.2 8.1 -0.5 666 29 1.0 
131 3 <2 <2 4 (.5 <1 <2 3.1 2.9 -3.9 183 95 1.1 
132 3 3 <2 <2 <.5 <1 <2 13.3 15.7 8.5 1079 5 0.9 
133 7 5 <2 <2 <.5 <1 <2 14.3 15.8 5.1 1216 3 1.0 
134 9 3 <2 <2 <.5 <1 <2 10.3 10.7 2.2 848 17 1.2 
135 20 <2 <2 5 <.5 <1 <2 6.8 6.2 -4.7 524 263 0.9 
136 <3 3 <2 <2 <.5 <1 <2 8.8 8.7 -0.4 729 20 0.9 
137 <3 2 <2 <2 <.5 <1 <2 5.5 4.8 -6.6 424 206 0.9 
138 <3 2 <2 2 <.5 <1 <2 5.3 4.7 -6.0 408 211 0.8 
139 <3 3 <2 2 <.5 <1 <2 4.4 4.8 4.5 355 209 0.7 
140 <3 4 <2 <2 <.5 <1 <2 5.6 5.2 -4.3 419 251 0.9 
141 <3 5 <2 2 <.5 <1 <2 10.6 11.0 2.0 875 4 0.9 
142 170 <2 <2 5 <.5 <1 <2 1.8 1.9 3.3 145 55 1.0 
143 205 <2 <2 12 <.5 <1 <2 5.4 5.4 0.1 421 238 1.0 
144 5 <2 <2 5 <.5 <1 <2 3.5 3.3 4.4 272 122 0.9 
145 62 <2 <2 4 <.5 <1 <2 14.7 17.3 8.3 1105 228 0.9 
146 78 <2 <2 2 (.5 <1 <2 8.5 9.1 3.1 638 239 0.7 
147 100 <2 <2 5 <.5 <1 <2 12.4 15.0 9.3 897 323 0.9 
148 3 4 <2 <2 <.5 <1 <2 9.3 9.0 -1.9 749 33 1.0 
149 3 4 2 3 <.5 <1 23 37.2 35.1 -3.0 2691 25 0.7 
150 11 3 2 5 <.5 <1 <2 14.8 16.9 6.6 1140 90 0.7 
151 9 <2 <2 4 0.5 <1 <2 8.8 9.0 0.8 717 57 1.0 
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Appendix A: 	 Water Chemistry in Region 3 (Odon-Elnora Area) 

Well 

ID Mn 

ppb 

3 

Cr 

ppb 

2 

Cd 

ppb 

2 

As 

ppb 

2 

Hg 

ppb 

0.5 

Ag 

ppb 

1 

Se 

ppb 

2 

ANION 

SUM 

seq/L 

CATION 

SUM 

ieq/L 

±1% 

EPH 

BALANCE 

% 

TDS 

pps 

TDS/SpC 

HARDNESS 	RATIO 

pp■ 

152 48 <2 <2 4 <.5 <1 <2 6.3 6.2 -1.0 505 211 0.9 
153 63 <2 <2 7 <.5 <1 <2 4.7 6.4 15.0 410 227 0.8 
154 76 <2 <2 <2 <.5 <1 <2 6.3 5.0 -11.3 477 153 0.9 
155 47 <2 <2 4 <,5 <1 <2 22.0 27.8 11.7 1726 160 0.8 
156 21 <2 <2 <2 <.5 <1 <2 7.0 7.3 1.7 540 352 1.0 
157 72 <2 <2 30 <.5 <1 <2 7.1 7.0 -0.6 602 133 1.0 
158 96 <2 <2 <2 <.5 <1 <2 5.4 5.0 -4.4 419 188 0.9 
159 115 <2 <2 <2 <.5 <1 <2 5.6 3.7 20.2 415 127 0.8 
160 26 <2 <2 <2 <,5 <1 <2 6.9 6.6 -2.3 559 66 0.9 
161 141 <2 <2 <2 <.5 <1 <2 5.1 5.3 1.5 399 238 0.9 
162 257 <2 <2 <2 <,5 <1 <2 4.9 4.9 -0.4 381 216 0.9 
163 69 <2 <2 <2 <.5 <1 <2 4.9 5.1 2.5 391 181 1.0 
164 27 <2 <2 8 <.5 <1 <2 9.7 10.3 2.9 772 121 0.9 
165 231 <2 <2 3 <.5 <1 <2 5.1 5.2 1.0 390 238 0.9 
166 25 <2 <2 2 <.5 <1 <2 12.1 13.2 4.6 943 117 0.9 
167 4 <2 2 <2 <.5 <1 <2 4.3 4.2 -1.6 330 184 0.8 
168 4 <2 <2 <2 <.5 <1 <2 3.0 2.5 -8.3 213 113 0.7 

49 <2 <2 3 <.5 Hi <2 8.8 9.1 -0.4 702 115 
71 1 1 6 0 NA 3 6.1 6.8 6.5 485 95 

395 5 4 30 1 NA 23 37.2 35.1 15.0 2691 352 
<3 <2 <2 0 <.5 NA <2 1.8 1.9 -20.2 145 1 
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166 25 <2 <2 2 <.5 <1 <2 12.1 13.2 4.6 943 117 0.9 
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Appendix a: 	 Water Chemistry in Region 3 (Linton Area) 

Well 

ID Date 

UNITS: 

Temp 

Thrmometr DO 

sg/L 

TEMP 

Throistr 

°C 

SpC 

1 	limbo 

pH 

Eh 

Zobell 

IV 

Eh 

Sample 

mV 

Alkalinity 	RC03- 

eq CaCO3 	ppm 

CO3: 

ppm 

DET LIM: .1 (25 	°C) 

PRECISION: ±0.1 ±.1 ±0.1 ±.01 ±1 ±1 ±0.1% 

169 26-Sep-88 15.7 0.22 16.1 3418 8.12 183 -178 1147 1370 15 

170 26-Sep-88 15.3 0.19 15.6 3112 8.34 180 120 1047 1251 13 

171 26-Sep-88 15.4 0.32 15.8 1387 7.92 176 -171 317 387 0 

172 26-Sep-88 15.9 0.50 16.3 706 7.22 177 132 391 477 0 

173 26-Sep-88 15.6 0.20 16.0 820 8.37 179 -116 471 560 7 

174 26-Sep-88 15.7 0.39 16.0 5915 7.96 179 -159 1382 1686 0 

MEAN 15.5 1.42 15.9 2238 7.70 179 -17 686 827 5 

STD DEV 0.3 2.73 0.3 1870 0.78 2 166 463 559 6 

MAX 15.9 8.11 16.3 5915 8.37 183 254 1382 1686 15 

MIN 15.0 0.19 15.4 307 5.99 176 -178 49 60 0 
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Appendix a: 	 Water Chemistry in Region 3 (Linton Area) 

Well 

ID Cl- 

PPE 

NO3- 

PPE 

SO4- 

PPE 

F- 

PPE 

Ca 

PPE 

Mg 

PPE 

K 

PPE 

Ma 

PPE 

Fe 

ppb 

Zn 

ppb 

Pb 

ppb 

Sr 

ppm 

Ba 

ppm 

1 1 1 .1 .02 .02 .03 .09 3 2 2 .06 .04 

169 545 3 <1 7.6 8.016 3.380 6.356 259.9 131 130 6 1.293 0,644 

170 508 <1 5 6.3 5.591 2.926 5.844 900.7 32 24 6 0.850 0.495 

171 3 <1 401 0.3 25.99 19.27 4.414 326.9 368 8 11 0.997 0.043 

172 3 2 20 0.3 44.30 18.75 9.161 101.6 61 20 <2 1,822 1.439 

173 4 <1 1 0.5 2.063 0.649 1.443 216.2 112 16 (2 0.034 0.099 

174 1293 5 <1 4.4 16.60 6.348 9.197 2187 162 235 5 2.407 4.295 

MEAN 338 11 66 2.8 18.65 8.815 5.335 571.2 126 73 4 1.068 1.005 

STD BEV 451 22 137 3.0 13.95 7.045 3.077 711.3 111 78 4 0.804 1.420 

MAX 1293 65 401 7.6 44.30 19.27 9.197 2187 368 235 11 2.407 4.295 

MIN 3 <1 <1 0.1 2.063 0.649 0.928 5.928 14 8 0 0.034 0.021 
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Appendix a: 	 Water Chemistry in Region 3 (Linton Area) 

Well 

ID Mn 

ppb 

Cr 

ppb 

Cd 

ppb 

As 

ppb 

Hg 

ppb 

Ag 

ppb 

Se 

ppb 

ANION 

SON 

meq/L 

CATION 

SUM 

meq/L 

RPM 

BALANCE 

% 

TDS 

ppm 

TDS/SpC 

HARDNESS 	RATIO 

ppm 

3 2 2 2 0.5 1 2 

tl% 11% 

169 12 <2 2 4 <.5 <1 <2 38.8 12.2 -52.2 2225 34 0.7 
170 3 <2 <2 5 <.5 <1 <2 35.7 39.9 5.5 2705 26 0.9 
171 33 <2 3 55 <.5 <1 <2 14.8 17.3 7.7 1224 144 0.9 
172 35 <2 <2 <2 <.5 2 <2 8.4 8.5 0.6 681 188 1.0 
173 17 <2 <2 <2 <.5 <1 <2 9.6 9.6 0.0 794 8 1.0 
174 9 <2 5 <2 <.5 <1 52 64.4 96.9 20.1 5267 68 0.9 

MEAN 16 NA 1 9 NA <1 7 25.0 26.7 -3.8 1873 83 0.8 
STD DEV 12 NA 2 19 NA 1 18 20.6 30.7 21.3 1608 62 0.1 

MAX 35 NA 5 55 NA 2 52 64.4 96.9 20.1 5267 188 1.0 
MIN 3 NA <2 <2 NA <1 <2 3.0 2.5 -52.2 213 8 0.7 
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Appendix A: 

Well 

ID 	Date 

UNITS: 

DET LIM: 

PRECISION: 

Temp 

Thrmosetr 

'C 

±0.1 

DO 

mg/L 

.1 

±.1 

Water Chemistry in Region 3 (Epsom Area) 

TEMP 	 Eh 	Eh 

Thrsistr 	SpC 	pH 	Zobell 	Sample 

'C 	1 pmho 	 mV 	eV 

(25 	'C) 

i0.1 	 ±.01 	±1 	±1 

Alkalinity 	HCO3- 

eq CaCO3 	ppm 

±0.1% 

CO3: 

ppm 

175 28-Sep-88 14.8 0.69 15.1 582 6.82 179 -95 325 396 0 

176 28-Sep-88 15.5 0.18 15.8 2378 8.63 177 113 955 1119 23 

177 30-Sep-88 15.8 0.22 16.1 1164 8.96 183 136 582 664 23 

178 30-Sep-88 16.2 0.26 16.6 3357 8.43 179 117 1107 1324 13 

179 30-Sep-88 15.5 0.27 15.8 1888 8.71 179 90 873 1022 22 

180 02-Oct-88 16.1 0.23 16.5 4808 7.97 183 -87 1390 1685 6 

181 02-Oct-88 15.9 0.58 16.3 674 6.89 183 -54 317 387 0 

182 02-Oct-88 15.6 0.30 16.1 3038 8.21 183 109 1106 1320 15 

183 02-Oct-88 16.0 0.26 16.4 929 7.57 187 -112 558 678 1 

184 03-Oct-88 15.5 0.38 16.0 2999 7.71 193 -146 806 984 0 
185 03-Oct-88 17.2 0.34 17.4 940 8.27 188 111 487 576 9 
186 03-Oct-88 16.6 0.39 16.9 3436 8.20 187 -238 1259 1512 12 

187 03-Oct-88 16.8 0.70 17.1 2147 8.56 185 126 875 1026 21 

188 03-Oct-88 15.4 0.30 15.7 1651 8.67 184 135 674 789 16 

189 03-Oct-88 16.5 0.34 16.9 6586 7.93 184 -99 1210 1476 0 
190 04-Oct-88 15.9 0.34 16.3 1504 8.36 200 -99 745 893 8 

191 04-Oct-88 16.4 0.23 16.8 3857 7.84 197 -32 952 1161 0 
192 04-Oct-88 14.8 0.52 15.1 1928 8.34 193 -138 848 1023 6 
193 04-Oct-88 16.9 0.31 17.4 2884 8.37 188 -138 1370 1632 19 

194 04-Oct-88 15.0 0.53 15.3 961 7.83 188 -61 307 375 0 
195 04-Oct-88 15.8 0.70 16.1 888 7.42 189 -167 374 456 0 
196 05-Oct-88 16.6 0.25 16.9 2402 8.56 200 12 1205 1426 22 
197 05-Oct-88 16.3 0.52 16.6 734 7.19 196 -86 354 432 0 
198 05-Oct-88 16.5 0.35 16.9 841 8.29 194 -170 449 526 11 
199 05-Oct-88 16.4 3.98 16.6 722 8.18 188 149 418 503 3 

200 05-Oct-88 15.9 0.20 15.6 916 7.51 190 -110 428 523 0 

MEAN 16.0 0.51 16.3 2085 8.05 188 -28 768 920 9 

STD DE? 0.6 0.71 0.6 1447 0.55 6 118 348 417 9 

MAX 17.2 3.98 17.4 6586 8.96 200 149 1390 1685 23 

MIN 14.8 0.18 15.1 582 6.82 177 -238 307 375 0 
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Appendix A: 

Well 
ID 	Date 

UNITS: 
DET LIM: 

PRECISION: 

Temp 
Thrmosetr 

'C 

±0.1 

DO 

mg/L 
.1 

±.1 

Water Chemistry in Region 3 (Epsom Area) 
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i0.1 	 ±.01 	±1 	±1 
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eq CaCO3 	ppm 

±0.1% 

CO3: 

ppm 
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Appendix A: 

Well 

ID 

PPE 
1 

NO3- 

PPE 
1 

SO4- 

PPE 
1 

F- 

PPE 
.1 

Water Chemistry in Region 3 	(Epsom Area) 

Ca 	Hg 	K 	Na 	Fe 

PPE 	PPE 	PPE 	PPE 	PPb 
.02 	.02 	.03 	.09 	3 

Zn 

PPb 
2 

Pb 

PPb 
2 

Sr 

PPE 
.06 

Ba 

PPE 
.04 

175 2 <1 1 0.7 46.94 18.69 3.615 45.62 1231 60 <2 0.642 0.963 
176 269 <1 cl 8.1 3.234 1.247 3.496 712.1 19 11 <2 0.370 0.233 
177 46 <1 <1 4.1 4.024 0.462 1.889 337.5 10 <2 <2 0.090 0.099 
178 433 (1 <1 10.7 2.591 2.101 4.844 915.8 6 22 <2 0.694 0.400 
179 126 <1 <1 9.5 1.275 0.872 2.901 584.7 20 6 <2 0.246 0.192 
180 942 <1 <1 3.3 6.881 4.697 8.017 1307 38 26 3 1.529 0.824 
181 2 <1 60 0.4 3.314 3.130 3.258 155.9 175 2 3 0.242 0.123 
182 452 (1 <1 2.5 1.245 2.274 4.856 912.3 27 42 3 0.598 0.532 
183 20 <1 <1 2.3 0.672 0.391 1.848 290.2 88 22 <2 0.069 0.095 
184 515 (1 <1 1.0 8.545 6.680 8.044 792.4 153 102 <2 0.889 0.497 
185 <1 <1 14 1.8 1.187 0.689 2.631 219.9 11 67 3 0.068 0.045 
166 400 <1 (1 2.8 5.058 2.701 5.516 832.1 82 42 3 0.802 0.242 
187 185 <1 <1 4.5 1.301 0.967 2.979 632.4 77 24 <2 0.288 0.084 
188 135 <1 1 3.4 2.651 1.216 2.443 450.5 26 29 <2 0,195 0.089 
189 1475 3 21 2.9 13.55 13.04 9.631 1381 42 40 15 4.428 2.992 
190 102 <1 3 3.5 3.285 1.578 2.728 405.6 35 23 <2 0.250 0.093 
191 700 (1 <1 1.5 7.594 4.862 7.080 1017 32 142 3 0.951 0.232 
192 195 <1 <1 3.0 2.893 0.885 2.697 621.3 33 74 2 0.256 0.091 
193 250 <1 <1 5.3 2.658 1.365 4.467 870.0 29 59 3 0.521 0.152 
194 1 <1 204 0.5 1.257 0.474 1.463 217.7 42 324 13 0.097 0.033 
195 2 <1 134 0.7 35.30 13.10 2.012 154.4 677 50 6 0.261 0.037 
196 158 <1 <1 6.5 2.493 1.229 2.684 723.3 58 35 4 0.333 0.098 
197 3 <1 67 0.6 45.32 31.77 10.12 78.75 105 839 4 3.009 0.391 
198 32 (1 <1 1.4 3.249 3.057 1.934 213.8 49 62 3 0.205 0.048 
199 3 <1 <1 0.9 4.105 2.757 1.467 178.2 12 122 2 0.149 0.040 
200 50 <1 14 0.8 11.59 5.979 1.479 202.3 78 21 2 0.230 0.070 

MEAN 250 <1 20 3.2 8.547 4.854 4.004 548.1 121 86 3 0.670 0.334 
STD DEV 341 1 47 2.8 12.78 6.988 2.512 371.1 256 163 4 0.961 0.582 

MAX 1475 3 204 10.7 46.94 31.77 10.12 1381 1231 839 15 4.428 2.992 
MIN <1 <1 <1 0.4 0.672 0.391 1.463 45.62 6 <2 <2 0.068 0.033 
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Appendix A: 

Well 
ID 

PPE 
1 

NO3- 

PPE 
1 

SO4- 

PPE 
1 

F- 

PPE 
.1 

Water Chemistry in Region 3 	(Epsom Area) 

Ca 	Hg 	K 	Na 	Fe 

PPE 	PPE 	PPE 	PPE 	PPb 
.02 	.02 	.03 	.09 	3 

Zn 

PPb 
2 

Pb 

PPb 
2 

Sr 

PPE 
.06 

Ba 

PPE 
.04 

175 2 <1 1 0.7 46.94 18.69 3.615 45.62 1231 60 <2 0.642 0.963 
176 269 <1 cl 8.1 3.234 1.247 3.496 712.1 19 11 <2 0.370 0.233 
177 46 <1 <1 4.1 4.024 0.462 1.889 337.5 10 <2 <2 0.090 0.099 
178 433 (1 <1 10.7 2.591 2.101 4.844 915.8 6 22 <2 0.694 0.400 
179 126 <1 <1 9.5 1.275 0.872 2.901 584.7 20 6 <2 0.246 0.192 
180 942 <1 <1 3.3 6.881 4.697 8.017 1307 38 26 3 1.529 0.824 
181 2 <1 60 0.4 3.314 3.130 3.258 155.9 175 2 3 0.242 0.123 
182 452 (1 <1 2.5 1.245 2.274 4.856 912.3 27 42 3 0.598 0.532 
183 20 <1 <1 2.3 0.672 0.391 1.848 290.2 88 22 <2 0.069 0.095 
184 515 (1 <1 1.0 8.545 6.680 8.044 792.4 153 102 <2 0.889 0.497 
185 <1 <1 14 1.8 1.187 0.689 2.631 219.9 11 67 3 0.068 0.045 
186 400 <1 (1 2.8 5.058 2.701 5.516 832.1 82 42 3 0.802 0.242 
187 185 <1 <1 4.5 1.301 0.967 2.979 632.4 77 24 <2 0.288 0.084 
188 135 <1 1 3.4 2.651 1.216 2.443 450.5 26 29 <2 0,195 0.089 
189 1475 3 21 2.9 13.55 13.04 9.631 1381 42 40 15 4.428 2.992 
190 102 <1 3 3.5 3.285 1.578 2.728 405.6 35 23 <2 0.250 0.093 
191 700 (1 <1 1.5 7.594 4.862 7.080 1017 32 142 3 0.951 0.232 
192 195 <1 <1 3.0 2.893 0.885 2.697 621.3 33 74 2 0.256 0.091 
193 250 <1 <1 5.3 2.658 1.365 4.467 870.0 29 59 3 0.521 0.152 
194 1 <1 204 0.5 1.257 0.474 1.463 217.7 42 324 13 0.097 0.033 
195 2 <1 134 0.7 35.30 13.10 2.012 154.4 677 50 6 0.261 0.037 
196 158 <1 <1 6.5 2.493 1.229 2.684 723.3 58 35 4 0.333 0.098 
197 3 <1 67 0.6 45.32 31.77 10.12 78.75 105 839 4 3.009 0.391 
198 32 (1 <1 1.4 3.249 3.057 1.934 213.8 49 62 3 0.205 0.048 
199 3 <1 <1 0.9 4.105 2.757 1.467 178.2 12 122 2 0.149 0.040 
200 50 <1 14 0.8 11.59 5.979 1.479 202.3 78 21 2 0.230 0.070 

MEIN 250 <1 20 3.2 8.547 4.854 4.004 548.1 121 86 3 0.670 0.334 
STD DEV 341 1 47 2.8 12.78 6.988 2.512 371.1 256 163 4 0.961 0.582 

MAX 1475 3 204 10.7 46.94 31.77 10.12 1381 1231 839 15 4.428 2.992 
MIN <1 <1 <1 0.4 0.672 0.391 1.463 45.62 6 <2 <2 0.068 0.033 
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Appendix A: 	 Water Chemistry in Region 3 (Epsom Area) 

Well 

ID Mn 

ppb 

3 

Cr 

ppb 

2 

Cd 

ppb 

2 

As 

ppb 
2 

Hg 

ppb 
0.5 

Ag 

ppb 
1 

Se 

ppb 
2 

ANION 

SUM 

.eq/L 

11% 

CATION 
SUM 

meq/L 

-11% 

RPM 

BALANCE 

% 

TDS 

ppm 

HARDNESS 

ppm 

TDS/SpC 

RATIO 

175 126 <2 <2 <2 <.5 <1 <2 6.6 6.1 -4.5 518 194 0.9 
176 <3 <2 <2 <2 <.5 <1 <2 27.1 31.3 7.2 2140 13 0.9 
177 7 <2 <2 <2 <.5 <1 <2 13.1 15.0 6.5 1080 12 0.9 
178 <3 <2 <2 <2 <,5 <1 <2 34.9 40.3 7,1 2707 15 0.8 
179 7 3 <2 <2 <.5 <1 <2 21.5 25.7 8.8 1769 7 0.9 
180 <3 3 <2 <2 <.5 <1 <2 54.5 57.8 2.9 3965 36 0.8 
181 17 2 <2 <2 <.5 <1 <2 7.7 7.3 -2.3 615 21 0.9 
182 5 4 <2 <2 <.5 <1 <2 35.0 40.1 6.8 2711 12 0.9 
183 9 3 <2 <2 <,5 <1 <2 11.8 12.7 3,7 995 3 1.1 
184 9 <2 <2 <2 <.5 <1 <2 30.7 35.7 7.5 2317 49 0.8 
185 5 <2 <2 <2 <.5 <1 <2 10.1 9.8 -1.9 826 6 0.9 
186 10 <2 <2 3 <.5 <1 <2 36.6 36.8 0.3 2776 24 0.8 
187 7 6 <2 4 (.5 <1 <2 23.0 27.7 9.4 1879 7 0.9 
188 7 3 <2 3 <.5 <1 <2 17.5 19.9 6.5 1405 12 0.9 
189 10 2 5 16 <.5 <1 <2 66.4 62.2 -3.3 4419 87 0.7 
190 7 <2 <2 12 <.5 <1 <2 18.0 18.0 -0.1 1435 15 1.0 
191 <3 <2 <2 14 <.5 <1 <2 38.8 45.2 7.6 2914 39 0.8 
192 7 <2 <2 <2 <.5 <1 <2 22.6 27.3 9.4 1855 11 1.0 
193 <3 2 <2 2 <.5 <1 <2 34.7 38.2 4.8 2788 12 1.0 
194 4 <2 <2 4 <.5 <1 <2 10.4 9.6 -4.1 806 5 0.8 
195 7 2 <2 3 <.5 <1 <2 10.3 9.7 -3.5 801 142 0.9 
196 6 2 <2 2 <,5 <1 <2 28.9 31.8 4.7 2344 11 1.0 
197 <3 3 <2 2 <.5 (1 <2 8.6 8.7 0.5 675 244 0.9 
198 18 <2 <2 <2 <.5 <1 <2 10.0 9.8 -1.0 793 21 0.9 
199 17 <2 <2 <2 <.5 <1 <2 8.5 8.2 -1.5 697 22 1.0 
200 19 <2 <2 2 <.5 <1 <2 10.3 9.9 -1.8 810 53 0.9 

MEAN 12 1 <2 3 NA NA NA 23.0 24.8 2.7 1771 41 0.9 
STD DEV 23 2 1 4 NA NA NA 15.0 15.9 4.6 1055 59 0.1 

MAX 126 6 5 16 NA NA NA 66.4 62.2 9.4 4419 244 1.1 
MIN <3 <2 <2 <2 NA NA NA 6.6 6.1 -4.5 518 3 0.7 
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Well 
ID Mn 

ppb 

3 

Cr 

ppb 

2 

Cd 

ppb 

2 

As 

ppb 
2 

Hg 

ppb 
0.5 

Ag 

ppb 
1 

Se 

ppb 
2 

ANION 
SUM 

.eq/L 

11% 

CATION 
SUM 

meq/L 

-11% 

RPM 

BALANCE 

% 

TDS 

ppm 

HARDNESS 

ppm 

TDS/SpC 
RATIO 
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182 5 4 <2 <2 <.5 <1 <2 35.0 40.1 6.8 2711 12 0.9 
183 9 3 <2 <2 <,5 <1 <2 11.8 12.7 3,7 995 3 1.1 
184 9 <2 <2 <2 <.5 <1 <2 30.7 35.7 7.5 2317 49 0.8 
185 5 <2 <2 <2 <.5 <1 <2 10.1 9.8 -1.9 826 6 0.9 
186 10 <2 <2 3 <.5 <1 <2 36.6 36.8 0.3 2776 24 0.8 
187 7 6 <2 4 (.5 <1 <2 23.0 27.7 9.4 1879 7 0.9 
188 7 3 <2 3 <.5 <1 <2 17.5 19.9 6.5 1405 12 0.9 
189 10 2 5 16 <.5 <1 <2 66.4 62.2 -3.3 4419 87 0.7 
190 7 <2 <2 12 <.5 <1 <2 18.0 18.0 -0.1 1435 15 1.0 
191 <3 <2 <2 14 <.5 <1 <2 38.8 45.2 7.6 2914 39 0.8 
192 7 <2 <2 <2 <.5 <1 <2 22.6 27.3 9.4 1855 11 1.0 
193 <3 2 <2 2 <.5 <1 <2 34.7 38.2 4.8 2788 12 1.0 
194 4 <2 <2 4 <.5 <1 <2 10.4 9.6 -4.1 806 5 0.8 
195 7 2 <2 3 <.5 <1 <2 10.3 9.7 -3.5 801 142 0.9 
196 6 2 <2 2 <,5 <1 <2 28.9 31.8 4.7 2344 11 1.0 
197 <3 3 <2 2 <.5 (1 <2 8.6 8.7 0.5 675 244 0.9 
198 18 <2 <2 <2 <.5 <1 <2 10.0 9.8 -1.0 793 21 0.9 
199 17 <2 <2 <2 <.5 <1 <2 8.5 8.2 -1.5 697 22 1.0 
200 19 <2 <2 2 <.5 <1 <2 10.3 9.9 -1.8 810 53 0.9 

MEAN 12 1 <2 3 NA NA NA 23.0 24.8 2.7 1771 41 0.9 
STD DEV 23 2 1 4 NA NA NA 15.0 15.9 4.6 1055 59 0.1 

MAX 126 6 5 16 NA NA NA 66.4 62.2 9.4 4419 244 1.1 
MIN <3 <2 <2 <2 NA NA NA 6.6 6.1 -4.5 518 3 0.7 
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APPENDIX A-2

PLOTS OF

1989 INDIANA GEOLOGICAL SURVEY STUDY DATA SET

TO

NSA CRANE BACKGROUND DATA SET
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APPENDIX B

BORING LOGS

AND

WELL CONSTRUCTION DIAGRAMS



BORING LOG 
FIELD DATA 

Project 
Location, 

Drill Rig 

NWSC Groundwater Study
I 	

Site 	Crane, IN 	 Date  10 November 82 
Mustard Gas. Burial Grounds 

Surface 

, 	Job No, 441-G150.1301121/ 22 

Failing Inspector J. Dunbar 	Operator 	D. Tay,1Qr_____ El Boring No WES-1-6-82 _526.02 

SAMPLE 
NUMBER 

DATE 
TAKEN 

STRATUM DRIVE SAMPLE TYPE OF 
SAMPLER 

CLASSIFICATION AND REMARKS 
FROM TO FROM TO FROM TO 

10 Nov 0.0 1.5 

26.0 

6-3/4"Rock lilt 

5-5/8"Rock tilt 

5-518"Rock Eit 

6" Casing-Stickup 0.5' 

0.0 11.7 0.0 Siltstone: 	reddish brown grsy, 

soft„weathereRIA  dry 

11'. 7 _23,5_ ShaleA 	gre5r,aolt=mgdiumsdrY 

23.5 26.0 Shale: 	dark gm,. black, dry 

10 Noy 0.0 50.0 Air compressor filter went out 

and pumped large quantity of oil 

into hale.7_Traded_air_snt. 	=-. 

and moved drilling ri. 	s 

to drill another boring. 	Grouted 

. contaminated hole . _up 

26.0 27.2 Coal': 	black, soft 

27.2 35.2 Ahalet_grey. soft 

35.2 36.0 Co;11: 	black, 	soft 

11 Not 6.0 54.5 .50.0 90.0 5 ..-/8"Rock fit Sandstone: 	brown, red, fine- 

75% quartz sand, hard _grained, 

WES 	N  1  819 	EDITION OF NOV 1571 MAY OE USED Sheet 

  

2 Sheets 

   



BORING LOG 
FIELD DATA 

Location 
Drill Rig 

Project Site • Date 
• Job No 

Inspector Operator 	 Surface El Boring  No.WES-1-6-82 

SAMPLE 
NUMBER 

DATE 
TAKEN 

STRATUM DRIVE SAMPLE TYPE OF 
SAMPLER r 	 CLASSIFICATION AND REMARKS 

FROM TO 	. FROM TO FROM TO 

_ _ _ . _ 

     _ 

_____ 	_ _ 

. 

__ 

Damp spot at 42 and 49 ft 

No water overnight 

54.5 82.5 _ Limestone: 	grey, white, hard 	_ 	_ 
Shale: 	grey, soft 82.5 88.5 _. 

88.5 89.5 Limestone: 	grey, hard , 
89.5 90.0  Shale: 	grey, 	soft 

• 

_____ 

12 Nov Water 

Water at 79.5 ft - Blew water 

from hole several times and will 

monitor depth in morning before 

__installing  screen. 

level at 69.87 ft - 

installed well screen 

WES :AON"7.  819 	EDITION OF NOV 1971 MAY BE USED Sheet  2  
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2" Schedule 40 PVC Pipe 

3.0' 

                  

                       

596.02 ft MSL 

 

                        

                         

                         

                         

Grout 	63.5' 

                    

                    

                         

                         

                 

75.02' 

    

                         

                        

Bentonite 3.5' 

               

90.0' 

                         

                         

                         

                         

                         

                         

                         

                         

Pea 23.0' Gravel 

            

9.38' 

    

                    

79.5' 

                

                     

                         

                         

                         

                         

                         

                         

                 

5.60' 

    

                         

52 Water depth at time of 
	

NWSC, Crane, Indiana 
drilling 	 Mustard Gas Burial Grounds 

Well Completion 
Well Screen 	 Boring Number: WES-l-6- 1

) 

 

WORKING DRAFT 



PROJECT NAME_ -05  wc 	Stamik  g 
PROJECT NUMBER:  Ti I Zif-S— 
DRILLING COMPANY:  le,„  
ORIUUNG RIG 	CA4L-7--  



Page 2̀  of `).-. Tetra Tech NUS. Inc. BORING LOG 
- PROJECT NAME: -A.X.We C AXYF 	Acuff   i? 

PROJECT NUMBER:  A) 124{ g  
DRILLING COMPANY:  *3   
ORIWNG RIG: _ 	CM C .S5 DX--- 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

OgfrILJT-007  
3-0S" 

Mien tot* caring. enter tuck btokeness. 

" %dude monilot seeding in 6 lockt integrals 0 betelsolle_ kw:tease reeding frequency if elevatedsepenee read. Driling Area 
Background (ppm): I  tO 1 Remarks: 	 

 

  

Converted to Well: 	Yes Well ID. OS mur7-007  



WELL NO.:(7 EM 'dray 7 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

Tetra Tech PALS, kw. 

PROJECT  A) SCOC CR-A OE--  
PROJECT NO.  A) laq s- 
DATE BEGUN 	3— o &- 
FIELD GEOLOGIST 	0.-e. ,e2 
GROUND ELEVATION  6T3.73  

LOCATION  3 WM  
BORING  0 M 	OO7  
DATE COMPLETED 	13- 0 	c 

DATUM  AIR km R9  

DRILLER  Ferzie-V01-$0240--  

DRILLIN 
METHOD

G  HSA-/A1  
DEVELOPMENT 
METHOD 

M
JAW

IN
B R.

d 

ELEVATION/HEIGHT OF TOP OF SURFACE CASING: 	4  
—1ot.39 1..61 

ELEVATION/HEIGHT TOP OF RISER: 

701.31 /.513 
TYPE OF SURFACE SEAL:  Le X Li 1 C-A-CL4e- 
r-Alt kr; 111.. 	 rs,f5 

ID. OF SURFACE CASING:  If 	5  

DIAMETER HOLE: a Ntekv_su. 
0 +v 	(-I- L 

RISER PIPE I.D.: 	2  
TYPE OF RISER PIPE: 	P VC..  

TYPE OF BACKFILL: 

 

Le-..11771,417e- 

  

ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

Vt4-4-.1  

ELEVATION/DEPTH TOP OF SAND: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 	P V  C.. 
SLOT SIZE x LENGTH:  0, 0 X11 o / 1 SIO Acif 
I.D. SCREEN: 	2, .i>"4/...0-4.- 

TYPE OF SAND PACK:  5,bc,r_i„,..C..z  
/up, 	u ,s, 5 	.}.e..ve  

DIAMETER OF HOLE IN BEDR 

CORE/REAM: 	a /I 	" 	 L0  4 
-1-0 s 	 Ccrire cr-sibis  

-f-r-e-rn 33 #0 3S-  4-V-V 5 / L 
ELEVATION/DEPTH BOTTOM SCREEN: V St,11-Pag." 

ELEVATION/DEPTH BOTTOM OF SAND: 61.C. fik 
ELEVATION/DEPTH BOTTOM OF HOLE: CeGi -:13  135:0  
BACKFILL MATERIAL BELOW SAND: 

ct-44-ott" 	' • - 
koto- 

I6.o 

‘8I.74, 18.o 

0 
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BORING LOG 
FIELD DATA 

Project 
Location 
Drill Rig 

NWSC Ground-Water Study 	 Site 	Crane, IN 	 Date  18 Aug 1983 

_Pest Control Area 	 Job No  441-G150.13GR21/22 

_Exiling Inspector J. 	Dunbar 	Operator 	C. 	Drake 	Surface El 727.48 	Boring No WES-9-1°-83  

SAMPLE 
NUMBER 

DATE 
TAKEN 1983  

STRATUM DRIVE SAMPLE TYPE OF 
SAMPLER CLASSIFICATION AND REMARKS 

FROM TO FROM TO FROM TO 

18 AuL_.0.0 11.6 0.0 11.6 i"Folding Auger__ Clay(CL): brown, stiff, slightly 

_damp,thialy_hedded,sandy=less_ 
than 5% fine to coarse-grained. 

18 Aug 11.6 13.8 11.6 27.0 VRock Bit Sandstone: brown. very fine-graine& 

soft. weathered. 

13.8 16.0 rlay, hrnwn, 	Rnfr _Sandstone_anfl 

m.e.a.thesed„thinly bedded, very 

fine-grained. 

16.0 17.3 SAltstonei_brs2wn.,_sof t, wet at 16 f 

17.3 19.2 Sandstenal_lirown, saft,izery_fine, 
• grained. 

19.2 25.8 Shale' drk_grgY,_soLt. thinly beda 
with sandstonelenses. 

Sheet  1 	of 	2 	Sheets WES 1:77. 819 EDITION OF NOV WI MAY BE USED 
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BORING LOG 
FIELD DATA 

Project 
Location 
Drill Rig 

Site 	 Date 
Job No 

Inspector Operator 	 Surface El Boring No WES-9-10-0  

SAMPLE 
NUMBER 

DATE 
TAKEN 

STRATUM DRIVE SAMPLE TYPE OF 
SAMPLER 

CLASSIFICATION AND REMARKS 
FROM TO FROM TO FROM TO 

. 25.8 27.0 Sandstone: brown, very fine-grainer 

soft. 

LSAu g Installed • monitoring well. 

• 

• 



3" Steel Protector Pipe with Cap 

••••• 

• =•1 

724.48 ft MSL 

3.0' 

Grout 8.0' 

Bentonite 2.0' 

16 

Pea 
Gravel 	17.0' 

11.45' 

9.10' 

27.01' 

5.45' 

2" Schedule 40 PVC Pipe 

imm 

LCZWater Depth at Time of Drilling 

Well Screen 

NWSC, Crane, Indiana 
Pest Control Area 
Well Completion 
Boring Number: WES-9-10-83 

wiinvime nprir-r 



0.0 — 

5.0 — 

724.48 ft MSL 

Clay (CL): brown, stiff, slightly damp, 
thinly bedded, sandy-less than 5% and 
fine to coarse-grained. 

10.0 — 

15.0 — 

--- Sandstone: brown, very fine-grained, soft, 
. weathered. 

--- Sandstone and clay: brown, soft, weatherea, 
thinly bedded, very fine-grained. 

Siltstone: brown, soft, wet at 16 ft. 

Sandstone:. brown, soft, very fine-grai 

20.0 — 

25.0 

27.0 

Shale: dark grey, soft, thinly bedded with 
sandstone lenses. 

Sandstone: brown, very fine-grained, sof 

NWSC, Crane, Indiana 
Pest Control Area 
Lithology 
Boring Number: WES-9-10-83 

umovime no A ET 
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21 
2.0 

211 

tMtJL LE O  
t c E 

oCic is 
Converted to ell: 	Yes 

• When rock coring, enter rock brokeness. 
" Include monitor reading in 6 foot intervals 

Remarks: 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 

DRILLING RIG: 

2- BORING LOG 	 Page  1  of  

	 BORING NUMBER: 	Co 11701A  
DATE: 	 1 2 - -0-0  
GEOLOGIST: 	MATT COCHRAN 

DRILLER: 	LAJO/„. F 
Bowser Momer 

a - s- ct 

Tetra Tech NUS, Inc. 

NSWC CRANE 
7141 CTO 10 

MATE RIAL DESCRIPTION PID/FID Reeding (ppm) 

Color 

U 
S 
C 
S 

Semple 
Recovery/ 

Semple 
Length 

Uthaiogy 
Change 

(Depth /FL) 
or 

Screened 
Interval 

:Density/ 

I . .Oniestenery: Remarks 
N: 

Oi 

Depth Slane / 

(R.) 
	

Er or 
at 
	

ROD 
Run 
	

(%) 
No. 

5 E E 	Otrts  

LOGS '58  

oft 	rn+ ozoGy 

VI 

(A.F A r14eare BAN 
	

'S A-14 s otkalE 

EA-s Y O1114:4,,;,‘ 

DRILL R_A F 

sr /Foca- 
* 

5- Wt. OhJ. 11-‘1, 
ee6)/461/ 01 6 

F IDA y 

NA NA its 77-Psria rF 414 BRN. S Akio sl-okfe  FT 

5Po (IA.,. 
RE Fkr-. A 
4 ArAerroy 

cRe-y. 
	

r s 7-0A/E  

Semple 
No. 
end 

Type or 
ROD 

51 

T tri 00e AATE. 
we A n4reciAiCo• 

0 borehole. Increase reading frequency if elevated reponse read. 	 Drilling Area 
, 

...,0i., )-iA m S ;t2 7... L , i 	WI %.- 4-' A r-re, pr 	Background (ppm): FA) Al  

IT! 	

it4  . 
i b) Ake CAF T pnoa_ RECD t/ F 12-Y Stitit.e 

No 	,\Z 	Well I.D. #: 
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PROJECT NAME: NSWC CRANE BORING NUMBER: 09 -ro I A 
PROJECT NUMBER: 7141 CTO 10 DATE: 12 - I -Oct) 
DRILLING COMPANY: Bowser Morner GEOLOGIST: MATT COCHRAN 
DRILLING RIG: 5-  9 DRILLER: 4. wot_P 

MATE RIAL DESCRIPTION PtDWlD Reeding (ppm) 

Sample 
No. 
and 

Type or 
ROD 

Lithology 
Change 

(Depth /Ft.) 
or 

Screened 
Interval 

. 	 • soil Denatryi- 
Conalatencty 

gark;t(srdrievii, 

U 
S 
C 

S 

10.0 

10.0 

	33 

-314 0A 

Remarks 	• 

FF, srsk n..)e 
At_Oisit. 8  .-PP/A1c. 

,s#40 
001*. Tao 

'SANDY BEDO"'Jtv 
PL.A-Ate-,5 'TOO I • coil e 
2L7 	;1.1Ka. 

C oftesc tve% cot^ rc,  
Wicc_Aysio4c 
ca.N.,c4 

BRoiceno -1-Notu CORE 

RVN Loo ks  

, 0 Art  
L. Ow 4 FP-Ac.T 

(.s e tit RA nitaocoffi 

Depth Stowe / 
	

Sample 

(Ft.) 
	

or 
	

Recovery 	/ 
or ROD Sample 

Run 
	

(%) 
	

Length 
No. Col* 

 

  

T f) 
1z0 &Z0.7 
KGs Amre ta. 
I H-oua...  

When rock coring, enter rock brokeness. 

Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. 	 Drilling Area 

H 2.o Levrt. Acp-rE4e. cooes /to") = 2 f, '064, Background (ppm): 
Ft IDEO to 	SOW 	Ow, P') .410E 2= 	PP) • COOL 4:6  M rAg  

Converted to Well: 	Yes 
TfLfG L E 	 4. AJ 'tit le- 	biky 	ANNUL. US AFTER - 14 ot-E Pu'ec.r4  

No 	 Well I.D. #: 
( 

2../VD 1:100.t../4„ TT) E VALuAre e4E5 covc£ of H2
RT 

 
'3(.1  0-T"4 t 1:1"0 v6 ef-4AGE 	DLE_ 	 /CellEivrie3ENT 6Pot 

Remarks: IIJA 

Ff 	+t jLLEO 



Blows / 
	

Semple 
6' or Recovery / 
ROD 
	

Semple 

(%) 
	

Length 

Uthology 
Change 

(Depth /R.) 
or 

Screened 
Interval 

   

Sdil~Det 	- 
DorWlsteriMt: • 

  

  

Color 

   

eCletto:#e, L_OGs 

Lr 
BR's SOFT 

7.0‘ 
lta 

701 
V 7.o  
	7  avA,/ 

ZRE5 
ate 

Tetra Tech NUS. Inc. BORING LOG  Page I of Z. 

   

PROJECT NAME: NSWC CRANE BORING NUMBER: 0 9 T 	B 
PROJECT NUMBER: 7141 CTO 10 DATE: 1 	- 	- On 
DRILLING COMPANY: Bowser Momer GEOLOGIST: MATT COCHRAN 

DRILLING RIG: b—.5-9 DRILLER: A. WOLF 

PIO/RD Reeding (ppm) MATE RIAL DESCRIPTION 

q 
I Szo 
i2-4- co 

kOC g. 23' • 

S 
C 

S Remarks 

is StAn. c,r‘c I '‘f -er) 
OF s,7..D 84.  

REN gat.11.4..eat) 
AND aPtsr-au^ 
DRILL Rim- 

I FOOT Imo.). 

Semple 
No. 
end 

Type a 
ROD 

Depth 

(R.) 
or 

Run 
No. 

  

•	 

 

sao1,02..1-o3  
role, L I TN0L.06Y 

.50F17 
	

SANDSTONE_ 

Iii 

I 

/3 A.o  
NO ILEALTIOA) rti 

14C. L, PA^ p —  
molvr. 

-44 
 

t21 1Z.s, ts-: 
deopiei(,  

17. SI Fiahe-rs,  
ALooc.- eragaiwu 
Fe. e-a TA. 

5 rODH-PG -1 5 'foam. 

moo ExArt— 
%.04 	MP 114 Cs OA/ 

L, 
10 

	'2. 0 
Fat. e.:1-S. car ti Eit.:413e 

c, 	ow A media)) 

-ril0fa- 	S A "J 

tRote-ela  
AO FLEakerloN To 
HC t-. v. THlia 

eo0,4,4cv 2.0, 
2. I . 5"; FRAt_-r c  
ht.044(.. BE* °int. . 
FE s TA 
20, prtek p - ^Isar 

SA A"os rnr'E  

it-r 

• When rock coring, enter rock brokeness. 

" Include monitor reading in 6 foot intervals • borehole. Increase reading frequency if elevated reponse read. 

S 1° N.) 	(to " C A S lev 	 'D 	PL Ac r- 0  

C. 	 N 
• V.)-. 01%s 11-C 	\

l- 
 (4, r 	we, C_  

ITt 	WV E. 

Remarks: 
Drilling Area 

Background (ppm): 175 I 

Converted to Well: 	Yes 	 No 	 Well I.D. 1#: 	0 9 T O 1 



DRILLER: 1k . wok. 

Tetra Tech NUS, Inc. 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 

DRILLING RIG: 

BORING LOG  
	 BORING NUMBER: 

DATE: 

Page 2. of a 

NSWC CRANE 
7141 CTO 10 
Bowser Momer 

f2-3 - 5- 9 
GEOLOGIST: 	MATT COCHRAN 

MATE RIAL DESCRIPTION 1,10/F113 Reeding (ppm) 

Semple 
Recovery / 

Semple 
Length 

Uthology 
Change 

(Depth /FL) 
or 

Screened 

Soli Density!, 

.00•••1itencty 

FlidekHitedness 

Como 
Interval 

7-0 z6 ' 

Blows / 
6" or 
ROD 
(%) 

U 
S 
C 

Remarks 

D 

Ni 
fg.E 

5 EE 8 OkiAlc, L oG 

Qt TOI q F  

L- IT1i01..0c) Y 6E- C."' 

Z. Co 	• 

E.i'kot E 14 OLE 
TO TA t la veklAw 

LW; HA D  
°or- AfTEg, 

AiiJ 7-4.vDig  
5p,..orp roved oNer 
ro 3 E .5c.RFEIAV 

Semple 
No. 
end 

Type or 
ROD 

Depth 

(R.) 
or 

Run 

No. 

240 

• When rock coring, enter rock brokeness. 

Include monitor reading in 6 foot interval® borehole. Increase 

Remarks:  SArOpPf o 2 
• 

on.) 
F 	ni 01- 	1.1V 

tr, fat. F tJt 1-1 ti,J(.. pcKvAt 
Converted to Well: 	Yes 

reading frequency it elevated reponse read. 	
DG 	

Drilling Area 	 
S . 

	

12. ^1.-00, S IA) L. OAP 1'2.- y et.20 Background (ppm): 	 

	

.0 N 	-~_ 	Ul.fi[3krNG p ekop FR E. 	AJ 12•14 
AVE 1--n cor4Or",.4r7P4)  

	

No 	 Well I.D: #: 	p q TO I  
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Tetra Tech NUS, Inc. 

PROJECT NAME: 	NSWC CRANE 

BORING LOG  
BORING NUMBER: ocVibz.)1 

Page L of  t  

PROJECT NUMBER: 7141 CTO 010 DATE: 	 It-10.- 00 
DRILLING COMPANY: Bowser Momer 

	
GEOLOGIST: 	BOB BALKOVEC 

DRILLING RIG: 	GEOPROBE 
	

DRILLER: 	 VLE-E.N) 

Sample 
No. 
and 

Type or 
ROD 

Depth 
(Ft.) 
or 

Run 
No. 

Blows/ 
6' or 
ROD 
(%) 

Semple 
Recovery / 

Semple 
Length 

Uthology 
Change 

(Deign fiR) 
or 

Screened 
Interval 

MATERIAL DESCRIPTION 
u 
S 
C 
S 

MORD Reeding  (ppm) 

Remarks  

i 

N 
a •ft. g 

I  . 
1112 

1 

Solt Density/ 
Consistency color 

or 
Recit Meninges 

Materiel Classtiteetion 
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Sampled 0(6b()100in 	(47-' 'W; 
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/, 

/ Sampled ( L6P)) 1041.0 	.e-- k\').-0 
• When rock coring, enter rock brokeness. 

Include monitor reading in 6 foot intervals borehole. Increase reading frequency if elevated reponse read. 

Remarks: vc 

Drilling Area 
Background (ppm): 

 

 

    

Converted to Well: 	Yes 
	

No 	u 	 Well I.D. #: 



Page L of nlit Tetra Tech NUS, Inc. 

PROJECT NAME: 	NSWC CRANE 
PROJECT NUMBER: 7141 CTO 010 

BORING LOG  
BORING NUMBER: Ogibol.. 
DATE: 
GEOLOGIST: 	BOB BALKOVEC DRILLING COMPANY: Bowser Momer 

DRILLING RIG: 	GEOPROBE DRILLER: 

14n 
Drilling Area 

Background (ppm):[b... 1 
• When rock coring, enter rock brokeness. 

" Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. e  
Remarks: 

Converted to Well: 	Yes No 	A 	Well I.D. 

Sample 
No. 
and 

Type or 
ROD 

Depth 
(Ft) 
or 

Run 
No. 

Blows/ 
r or 
ROD 
(%l 

Semple 
Recovery / 

Semple 

Length 

Wu:kW 
Change 

(Depth /Ft.) 

or 
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Interval 
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PIO1:10 Reeding (POrn) 

CI 

Remarks .go 
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Page k of I BORING LOG Li it Tetra Tech NUS, Inc. 

Drilling Area 
Background (ppm): 

• When rock coring, enter rock brokeness. 

Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. 

Remarks: (5.51 

Converted to Well: 	Yes No 	 Well I.D. #: 

PROJECT NAME: NSWC CRANE BORING NUMBER: 04%03 
PROJECT NUMBER: 7141 CTO 010 DATE: it -3p-Jo 
DRILLING COMPANY: Bowser Momer GEOLOGIST: BOB BALKOVEC 
DRILLING RIG: GEOPROBE DRILLER: Z~ Kent 
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6. or 
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Semple 
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Tt Tetra Tech NUS, Inc. BEDROCK 	 WELL No.: 

MONITORING WELL SHEET 

9Tot 

  

PROJECT: 	NSWC CRANE  DRILLING Co.: BOWSER MORNER 	BORING No.: 	O  9T0 f B 

PROJECT No.: 7141 CTO 010 	DRILLER: A . WOLF DATE COMPLETED: 	 - 00 
SITE: 	 S 1(./r. V  q 	DRILLING METHOD:( 	ILOTAA y  NORTHING: 1312804.336 

GEOLOGIST: M.G. (4,er NR_A AI  DEV. METHOD:Suitc.,E *14•41.z Rome  EASTING: 3025759-952 

Ground Elevation = 73756 
Datum MSL: 

Elevation of Top of Casing: 
	

740.63 
• 

Stick Up of Casing Above Ground Surface: 
	

3.07 
Elevation of Top of Riser: 	 740.02.' 

I. 

I.D. of Surface Casing: 
	1.-1 " 

Type of Surface Casing:  Li " great_ sct vka.e 

Type of Surface Seal: CEMENT  G4o.440 4rds-Preger 

I.D. of Casing: 	 (.0  
Type of Casing: TemP**-Asky 4  TEEL Ft..%41.4  zoimr 
Casing Length: 	 c." 	cgepte,E.D) 

, ,, 
I.D. of Riser. 	 "G  
Type of Riser: 	 pie.. 'Se H.  t 

 

Borehole Diameter 

 

	 Type of Backfill: 	C CP% 6 turf e 6  ev-1-0,Q ITE GROUT 
CDO1V.C.12E re 4- Ilvt el C. 0 Ca. 0 1‘ 0 WYE/')r• 

MI C-I-e -  a") Pr c 	, 	• 
4._____--Elevation / Depth Top of Seal: 	 7;0.54/ 7  

4----  Elevation / Depth Top Bedrock 	729.54 ' / 13'.'  

Type of Seal: 
	

BEniTO,J,rE pE..L e rg  
CoLLolo e vi ROA.' E AA-  AL 

Elevation / Depth of Top of Fitter Pack '728.64'  / 
	

9 
Elevation / Depth of. Top of Screen: 	724.56 / 

Type of Screen: 	PVC  

Slot Size x Length: 	.01" X 15  

I.D. of Screen: 	2"  

Type of Filter Pack GL Oak_ 4:P -  2G9-  10 '  
-7 - /0 9 ' 

Diameter of Hole in Bedrock 

Elevation / Depth of Bottom of Screen: 7 11.  6'  /  

Elevation / Total Depth of Borehole: 	711.54' / Z  
v00.\\••••\\VsNx•x•NNN\NN 

••••• Not to Scale ••••• 
NN:WN 	 'ON 



DATE: I-- '-1- 00 

 

   

GEOLOGIST: 	MATT COCHRAN 
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Tetra Tech NUS, Inc. 

PROJECT NAME: 
	

NSWC CRANE 
PROJECT NUMBER: 
DRILLING COMPANY: 

DRILLING RIG: 

BORING LOG  
BORING NUMBER: 

Page I of  ►   

0 ci 0 s 

ic; Wot_F 

7141 CTO 10 
Bowser Momer 

B-5- 9 M061L-F DRILLER: 

MATE RIAL DESCRIPTION 1311:YRD Reeding (ppml 

Semple 
Recovery / 

Semple 
Length 

Lithology 
Change 

(Depth /Ft.) 
or 

Screened 
Interval 

   

  

  

  

Color 
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L 
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S 
C 
S 

Remarks 
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(5%9 

EIRAI 
GAL"( 
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0 c 1 

• When rock coring, enter rock brokeness. 

Include monitor reading m 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. 
* 

5 C1-  (0 r F. r p 	As/ A-0c, 7.-o 9 , Po u et ro 
13 	NT 0 N kr- IQt.ONI. A Al/VIIL us 5 	H 	AtAffa p r s 

Converted to Well: 	Yes 	 No 	 Well I. 

Remarks: 

OC 	 r 	R 	 1..t) 	.5-  9 	R-0 s...t.E 
D.#: 

Drilling Area 

C 	A  ..,,,,Nrli3ackground (ppm): I C../ 1 

()Min* Cttel-JA.-1C- T-14ieti  
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.or x 10'  Slot Size x Length: 

Elevation / Depth Top Bedrock: 	 707.73 / 9 ' 

Type of Seal: gENfro N i TE. PELLETS 
COLLOID EtJt/ifa.ONr4ENTA-1. 

Elevation / Depth of Top of Filter Pack: 	"711.73./  
Elevation / Depth of Top of Screen: 	709.73'1 

Type of Screen: 	PVC 

I.D. of Screen: 	 2" 
4 4 

Type of Fitter Pack: G LOMA L *no  -:11-;10 44-7 	• 

s% •  t°-5-  Diameter of Hole in Bedrock: 

699,-73 
Elevation / Depth of Bottom of Screen: 	/ 1 7  

Elevation / Total Depth of Borehole: 	699.73 '  / 

nm  Tetra Tech NUS, Inc. BEDROCK 	 WELL No.: 

MONITORING WELL SHEET 

097'05— 

 

BOWSER MORNER 	BORING No.: 	 0C17505- 
Pit .1,1/0 LF 
	

DATE COMPLETED: 	12.-4-0o 
S W /41 k.) CI  DRILLING METHOD: Pt tp— FkorAtty  NORTHING: 13 11(081.497  

GEOLOGIST:M.G.  COc.1-112AN  DEV. METHOD: SURGE h44/ LE Rimy  FASTING: 3025640. 482. 

PROJECT: 	NSWC CRANE  DRILLING Co.: 

PROJECT No.: 7141 CTO 010 	DRILLER: 

SITE: 

Elevation, of Top of Casing: 	 719.7 I 

Ground Devotion = 716,73 
Datum MSL 	JOIN 

P 1 OF 
#0  0 

0 40  
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0 
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Stick Up of Casing Above Ground Surface: 
	

2.9$ 
Elevation of Top of Riser. 	 719.19 

I.D. of Surface Casing: 	H 

Type of Surface Casing:  S Q U A2&  S Teri_ 

Type of Surface Seal: 	e'Eatit-Aer 7.4.7> 

I.D. of Casing: 
Type of Casing: Te m PokA-FLy  rect., F-Lutt reiwIr 
Casing Length: 	 Ci 	

( RE—inGIVED) 

I.D. of Risen 2" 

  

Type of Riser: P V C.. SG1+EOOLE  LID 

Borehole Diameter. 	/2-  

Type of Backfill: CEmEe4T-MEArreyviTE  C,FLO VT 
G1Q14.eZ ere 	/". C00.0 \ O V`t Y001 IA* BefforbVITL 

Elevation/ Depth Top of Seal: 	 713.73 / 

••,\Ns Not to Scale \\N.\ 



"BIB No. 	-40-5tc-8 

DRILLING LOG 
!DIVISION 

US 	Na 1..‘,7 

INS 	ION 

ti/LA '2.  ' 	''',,(7,-, e, 	.E..... 

SHEET 	/ 

OF S SHEETS 

nIROJECT 	 , 

„,/ ,e  “5-; CI; ,.. - 	4i 	, .,-,./- 10. SIZE AND TYPE OF BIT 	.",' 	G... reb,, , 
11. DATUM FOR ELEVATION SHOW 	(771M or sew 

2. LO ATIO 	(C 	Mates or Sisals& 
NS 05 ,7,90 . 67' 	E52/987-6.65 12. MANUFACTURER'S DESIGNATION OF DRILL 

-•/..-)9 /Sao    47.,  
•S. DRILLING AGENCY ' e,r-.. 5 13 LE746"..?i;ULUETRiKEN!'"um° 	

! UNDISTURBED 
4. HOLE NO. (A• ahem. on dwrine  title! 

and HI. numbed/ 	 1 	/. 	-- 5Z C.... 
14. TOTAL NUMBER CORE BOXES 

5. NAME OF DRILLER 

Oai, 7,-;47 1
r  IS. ELEVATION GROUND 	 

G. DIRECTION OF HOLE 

Er  VERTICAL OINCLINED 	 DEG. FROMWERT. 

!• 	 I 	  
15, DATE HOLE 

	6/‘/87 	:: 	6/-a/67 
17. ELEVATION TOP OF HOLE 	

'IT)C 	712 . HP 7. THICKNESS OF OVERBURDEN 	 7 3 IS. TOT AL CORE RECOVERY FOR BORING 	. 	 S 
S. DEPTH DRILLED INTO ROCK 
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Nolo No. LA)C1-3- /0-.52C-613 

DRILLING LOG 
DIVISION INS 	ION SHEET 	Z 

OF .5 SHEETS 

I. PROJECT 10. SIZE AND TYPE OF BIT 

II. DATUM ROR ELEVATION SHOWN (TPM or WSL) 

2. LOCATION (Coordinates or Simian) 
12. MANUFACTURER'S DESIGNATION OF DRILL 

3. DRILLING AGENCY 

13 TOTAL HO. OF OVER- 	I DISTURBED 	UNDISTURBED 
BURDEN SAMPLES TAKEN 4. HOLE NO. (As shown en dr•RMS title! 

oral tile tumbril 	 /0 — 5.? C— 
IX TOTAL NUMBER CORE BOXES 

S. NAME OF DRILLER 
IS. ELEVATION GROUND 	 

S. DIRECTION OF HOLE 

OvERTICAL OIHCLINED 	 DEC. FROM VENT. 

IS 	 ! IS. DATE HOLE 	i 

17. ELEVATION TOP OF HOLE 
7. THICKNESS OF OVERBURDEN 

IS. TOTAL CORE RECOVERY FOR BORING 	 S 
S. DEPTH DRILLED INTO ROCK 

19. SIGNATURE OF INSPECTOR 

9. TOTAL DEPTH OF HOLE 

ELEVATION DEPTH 
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c 
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d 
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Hole No. g.-Es- /./ 	e 
DRILLING LOG 

DIVISION INS 	ION 	 ...3 

OF -.5.  SHEETS 

I. PROJECT 10. SIZE AND TYPE OF BIT 
It. DATUM FOR ELEVATION-SHOWN (TEN at la) 

2. LOCATION (Ceerdinees. or Sistlan) 	 . 

12. MANUFACTURER'S DESIGNATION OF DRILL 
S. DRILLING AGENCY 

" TOTAL HO. 	OVER- DISTURBED uNDI sTust BED 
4. HOLE NO. (A. .ho 	on drawing (III.! 

and NI. mmober) 	 /0 -52 C 
14. TOTAL NUMBER CORE BOXES 

S. NAME OF DRILLER 
IS. ELEVATION GROUND 	 

S. DIRECTION OF MOLE 

0 vERTIC•L OINCLiNED DEO. FROM WERT. 

I  	 I 	  
IS. DATE HOLE 

i  

17. ELEVATION TOP OF HOLE 
7. THICKNESS OF OVERBURDEN 

IS. TOTAL CORE RECOVERY FOR BORING 	 % 
IL DEPTH DRILLED INTO ROCK 19. SIGNATURE OF INSPECTOR 

S. TOTAL DEPTH OF HOLE 
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Nolo NB. 4,,Fs-ve -sec- 

DRILLING LOG 

DIVISION INS 	?ION SHEET If 

I OF -S 	SHEETS 

1. PROJECT 10. SIZE AND TYPE OF BIT 

17 DATUM FOR ELEVATION SHOWN MBA e MX) 
2. LOCATION (Coord.... Statten) 

12. MANUFACTURER'S DESIGNATION OF DRILL 

3 DRILLING AGENCY 

" 
TOTAL NO.

ID"Tu"." 	
UNDISTURBED 

al. HOLE NO. (A• Mewl an straw.. IIIII•! 
and NN nMosbna 	 /d - 5z(-.1 

14. TOTAL NUMBER CORE BOXES 
S. NAME OF DRILLER 

IS. ELEVATION GROUND 	 

I. DIRECTION OF HOLE 

EIVERTICAL DINCLINEO 	 DEO. FROM VERT. 

 ; b 	 !COMPLETED 
IS. DATE MOLE 

I 

17. ELEVATION TOP OF HOLE 
7. THICKNESS OF OVERBURDEN 

IS. TOTAL CORE RECOVERY FOR BORING 	 % 
S. DEPTH DRILLED INTO ROCK 19. SIGNATURE OF INSPECTOR 

S. TOTAL DEPTH OF HOLE 

ELEVATION DEPTH 

b 

LEGEND 

c 

CLASSIFICATION OF MATERIALS 
(D...ptien) 

d 

% CORE 
RECOV- 

ERN' 

BOX OR 
SAMPLE 

NO. 
I 

RRRRR KS 
(DcBima gam, ...tn. 	.... ...pth pi 

weadhering. 01..11 •AlinlIMARN • 
46o - 

M 
—. _ - 

- 

--  (C49-J-.) 

(6/. /- 

6.5- 0  
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P4// 4,4 

_ - 
‘e— 
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1-/.. 

Col l 	e 	,,-) 	,,, 

ct.z.A1'►  
- 
- 

-_ 
-' 

SI, 	cos 46, ,... 	- k 

	

, 	-04, pis 
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- 
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. 
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P uh 4 
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/b 

t(3 

7Z. 7 
73.0 

h i 0 s. z... , 	ij I. 	; 	5
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1,q 11.7 
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- 
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- 
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- 
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- - 

- 

- 

- _ 
- 
_ 

_ 
- _ 
_ 

- 
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- 
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- 

- 
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.5-Aal,,, 	,e/4 i 	4 	q, , 
skf,/..a..- ,../.2:: 	-/ 5 S".. I c ) 

I- ') ( 

k 0.„, 0 	
) 

--, 

, 
( 7 6! 6 .) 

B.dp, 7 

/443,, 
, ....-- 
/0 • u 

+X, 

:hit_ erusu 

- _ 
_ 

do  - 
.- - - 

1 - _ 
I_- 

slwlo 	,ddr-gli, 	-I- d 
) 	n  

oce  / 61 	:id .7. 	p'l s , 4 ic.,42..... 4" 

ecteutnole 	 •cor 	•-•. 
	 HOLE NO 



NA. No. ae.Es%do „sze-cre,  

DRILLING LOG 	
!DIVISION INS 	ION SHEET 5 

I OF .N. 

'I. PROJECT 10. SIZE AND TYPE OF NIT 

11. DATUM FOR ELEVATION SHOWN (77911 situ) 

2. LOCATION (Coordinate. of Station) 

12. MANUFACTURER'S DESIGNATION OF DRILL 

3. DRILLING AGENCY 

13 TOTAL NO. OF OVER- 	10 	BED 	UNDISTURBED 
BURDEN SAMPLES TAKEN 4. HOLE NO. (A• shown on drenh41 title! 

end Me 'embed 	 /0 — 5-2C 
14. TOTAL NUMBER CORE BOXES 

5. NAME OF DRILLER 
IS. ELEVATION GROUND 	 

IL DIRECTION OF HOLE 

IDWIIIRTIC•1. 	EliNCLINED 	 DES. FROM NEST. 

IS 	 1 COMPLETED 
IS. DATE HOLE 	 • 

1 	 . 

17. ELEVATION TOP OF HOLE 
7. THICKNESS OF OVERBURDEN 

IE. TOTAL CORE RECOVERY FOR BORING 	 S 
E. DEPTH DRILLED INTO ROCK 

19. SIGNATURE OF INSPECTOR 

9. TOTAL DEPTH OF HOLE 

	ION 

a 	I  

DEPTH 

1 

LEGEND 

c 

CLASSIFICATION OF 	IALS 
(peewit/Inn) 

d 

%CORE 

ERY 
• 

RECOV- 	 
BOX OR 

NO. 
I 

REMARKS 
(Drilling Hem enter lees, depth of 

weathering, el., II signilleare) 
0 

ao 
_ 
— 
— 

— __. 
—, 
—, 

_ 

- 

__ 

- 
- 
. - 
- 

- 

--- 

e,,, 6 	,,,,e1,.s- 	kof
J 
 bl eel 1 

e.9?. (.)  

. 

. 

ENG FORM 

-- 

_ 

- 

1 a •I • 

. 
e 2. . 0 

• 

. 

[ 

. 	
• 
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ge,,rcm,ke ?e Lte-i-s 
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• 
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• 
. , 

— Scr-eein 

a 
•-58 O  

• 

• 
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c ; ter FC7C 

• 
— I 

lovit•opi 
DRILLING LOG 

I. PROJECT 

L LOCATION (C•Naatiaas•• •• Itol•A) 

- Nolo 16. ivErs /o-sze. 
MST ALLAricmg seserr 

bOF SHUTS 

10. SIZE AND TYPE OF SIT 
j II. DATUN FOR 	1011 MOEN 	es 1041 

IS. DAMUFACTURLIPS DESIGNATION OF DRILL 
S. ONILLNIG AGENCY 

14. TOTAL NUMMER CORE DOSES 

IS. TOTAL NO OF OVER- 
DURDIDI SAMPLES 	 

IS. ELEVATION GROUND 

WIWI% DEO 	I Wall *TM DID 
...out NO. (A• sins um Immiel Nell 

and No imam? 	 /0- 3'2 c- 
S. NAME OF DRILLER 

S. DIRECTKIN OF ROLE . 	
IS. DATIL DOLE 

OVEMITICAL OINCLINED 	  DES. 0.1110•1 VENT. 

7. TNICE111.111 OF OVEROUNDEN 

S. DEPTH DRILLED INTO ROCS 

S. TOTAL DEPTH OF MOLE 

1

ST ilaTSD 	 I COW/ 

17. ELEVATION TOP Or 1101.1 

IS. TOTAL CORE RECOVERY PON BORING 
Si 	OF INSPECTOR 

• 

S CORE 
DIECOV• 

CRY 
• 

DOS OR 
SAMPLE CLASSIFICATION OF MATERIALS 

fO••••Nolog 

a 
(12•111fte Oak w•••• 

NOIA 
 leak deplA of 

alsierba sta.!! •16.11/1••••4 
S 

ELEVATION DEPTH LEGEND 

• 

BIZ-46 
1144 well zee-4e., 

was 	e 4 : 6,747 

Wafer /ewe (  Jus4: 

4-5 

Scree.. — 

• 
••. • • 

• 
• 

• 

• • 
•-• • 

	

6 	• — 
• • 

	

"" d 	eg 0  

1-7-a p 

( 	- p 3, - de.771, 

Der4
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PROJECT HOLE. NO. °IC NORM  18 36 PREVIOUS EDITIONS ARE OBSOLETE. MAR 71 



Page 	of I Tetra Tech NUS, Inc. BORING LOG  

DRILLER: WALSH 

Sample 
No. 
and 

Type or 
ROD 

Depth Blows / Sample.  Lithology 
(Ft) 	6" or Recovery Change 
or 	ROD 	/ 	(Depth/FL) 
Rtm (%) Sample or 
No. 	 Length Screened 

Interval 

St34 o =112 

O 
Pito 

C!)  REr. lit 

lI DS ISOFT 5sVetrA. €live StlAue Sikislts9 
CV-TH-10 SrefEWS 

of St4-41..e. ) 
10.4 r "-e.  

13P-Eltaso 411:434  f3F-Obtkia plAi3e 
Tit.rrot SP-

_,AstST mut* lazb  

salectiA. Wen_  11,T 
Zb 

•P‘toE 
11-'4%4/11.  kla%31- 

** Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. • 

Remarks: 	494" rb 	4.0/ Kul° .1s.*MttAsti. 	SPOONS  
Drilling Area 

Background (ppm): 

LY 	174%.̀gem.' -r° a-Vo ak. 	44.1  kin-- 	..t5-mss stoat. to- a,G,  
Converted to Well: 	Yes 	 No 	 Well I.D. #: 	f 2. IA 1,A) T S  

PROJECT NAME: 	NSWC CRANE-SWMU-12 
PROJECT NUMBER: N6878  
DRILLING COMPANY: BOWSER MORNER 
DRILLING RIG: 	c..ME. S50 AT V 

BORING No.:  laMW T  
DATE: 	CI-  12.- 04- 
GEOLOGIST:  Cow T  • 

Al" 	. 

MATERIAL DESCRIPTION 

Material Classification 

U 
S 

Remarks 
S 

of Density! 

s is I e tic y 

PID/FID Reading (ppm) 

lOtio 

5-2 
t 

fre3, 

ch 2  

7* 350 I/1   7' 

eg4j  TOP "5" TorSoit. 
GU SILT- soma ROAD M1. DAMP-'A titY 

CoP.MtV.t. 
otaLD 

M MOE 

M StPt  

CRAW, 	TT% rSns)  
GPM' 
1RM CLAYEY- SILT-  semE ML MOIST  

..skab tulai) ..s44.zsaalt 
via.PGvierriS 	SC CAMP 

SPAY S-dYt*  s 1.-r 
Eft 1)4EiwiieReD 511%4411c_NOME 

to V STIFF 

GRAY 
oz1,4 C.LA,-(E.•? 	 MOIST- 

0  

2.4;24 244, c. vrzier 
Zurr tre. 1-12_0 	• 
Is tolaregeBeCo 

FX0  

i210 

w 
STIFF 

SWIPE  0 

O 
O 
0 
0: 

0 
0.  

1150 
11410 

0  
0 
o 
0  

/-0 
0 

When rock coring:  enter rodc brokenesn. 

I0 I • 



PERMIT No: 

Tetra Tech NUS, Inc. 	 BEDROCK 	 WELL No.: 	tamwTa5  
MONITORING WELL SHEET 

PROJECT: 	NSWC CRANE 

PROJECT No.: N6878 

SITE: 	 SWMU-12 

GEOLOGIST: 

DRILLING Co.: BOWSER-MORNER 	BORING No.: 	I QKKITD.5 

DRILLER: 	 W ISH 	DATE COMPLETED: 9-1 - 04  
DRILLING METHOD:   NORTHING: 	I3t3 9.1-1,-.5 9  

DEV. METHOD: S'Axise. 1 Pr  C  EASTING: 	30a &Ds  69 .1-1A 

N A .  Elevation of Top of Casing: 

7Y6. 66 
Stick Up of Casing Above Ground Surface: 
Elevation of Top of.  Riser: 

	 I.D. of Surface Casing: 	  

Type of Surface Casing:  S'' ,e, 

Type of Surfacet:eit 

.I.D. and Depth of Permanent Casing: a. Tf 	P 70-. 

Type of Riser: PVC.  

Borehole Diameter: stie  

yrioe 	 13E44TD.3t3A- 
.. 

C.,14IPS 
4.....„..---Elevetiont Depth Top of Seat 74-3.'55/ 3  

Elevation / Depth Top of -Bedrock: 	739-S5/ '7  

GLoOsA Or  5  

Slot Size x Lenges: 	.2.Cv x 0/,  

ID. of Screen: 

Type of Filter Pack 

	Type Of Seat"; 	ESEWC)141VE,..  
CHIPS 

Elevation / Depth of Top of Fine Sand: 	N 	N  
Elevation / Depth of Top of Filter Pacic 	73 6. S 5 	10  
Elevation / Depth of Top of Screen: 	-4 73 I SS. / 15  

Ground Elevation = 74-6.5 
Datum MSL: 

applicable) 
ID. of Riser: 	 2" 

ype of Screen:, 	 PVC..  

Diameter of Hole in Bedrock: 
Core / Ream: 	 5r/  

stiff 

	Elevation / Depth of Bottom of Screen:' 

	Elevation /.Total DeOth of Borehole: 

'A% .5-5 

/  



Page I of Tetra Tech NUS, Inc. 

OtAk.16E 

1.9/2 S-I 
0 34  

1430 

S-2 2r2 

• 

2  
.5/2 5.3 

lartrisKS 
=CS-- some_ 

ass&Arel.t. IldrAtt, 
SEMI /46 

tt(44t 

O 

sAku3sItztz4"-e- 

Welt I.D. #: tit NOWT 2.Cg,  

PROJECT NAME: 	NSWC CRANE-SWMU-12 
PROJECT NUMBER: N6878  
DRILLING COMPANY: BOWSER MORNER 
DRILLING RIG: 	0..PAE. 550 ..ATV 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

Mt. filotS-r 
Rocas 

GL sox/Sit-TY 	MOIST-4,04€3- 

 (jpe—TR 

WE4a14 ROC4 114 Co 

TOP 	ToP 5b u. 
0_11,-(ex 	TR. 

MOVSN 
ilt. 	Fiefrza 

Sty 

0- 

Vw.41.14Eitzi) 
Z40.1bsro),*., 711z 

Rfit.) 13121J 	, 
SLAY SEM& 

(MI Pea) 
Aft.a.1  

IAMB 14/14,11.Tinit 

174 

152.S 

1445 

q.5  

I 

iy 

	 rs.st 

ll~ou 

1/2 

T4.777 

sTir-f 

FlAtizi5 

M 
T 

sor-r 

Ii124 

riexy 

GEM' 
ge4 

BR. Stsimb` 51. ALE 

17  

SOFT 
2.4. 3 L.4. F.I.0 

O, 

* When nick coring, whir rock brokenest. 

**Jnclude monitor reading In 6 foot inter/Ws 0 borehole. InCrease reading frequency If eleVated reponse 

444" vtSIN• .u-t I PA•no 14Krn.rose. 2." SPoot4S 
6*.a. Co" CAS T9 	-  

k. CORE. r ki 	rts.ram 'To 5 V24  • •Remarks: 

	

Drilling Area 	 

	

Background (ppm): 	 

Gekr 
130.1 

t•1 
SrifF 

,E0,) 

c..uw 
Ttz Rovrs O 

SUET, 

ti.tteTHWOUT• 

.110NIE, 
714 gAt, 

BORING LOG  

z% 

-riNr4 ea_ 

Converted to Well: 	Yes 	I/ 	No 

• 

t gas 

SriF• 

MATERIAL DESCRIPTION 
Sample 

Recovery 

Sample 
Length 

Lithology 

Change 

(Depth/FL) 

or 
Screened 

Interval 

niornti Reading (ppm) 

I a 11/44voTaC, 
q- 

t 
WALSH 

0. 

we-;K etzEb SAN tStba Vat IAtrig• 5Htl.  

1.0/58401LE. 

4 C.ob.L Lvas 
ceat_e' 'Z'pa-ra.mcos.  

re::) 23:8 O 
0 	 

0 

Sts.wt19-rze.l.E.-Le4tAtmqrao2tiit*ET,  

Material ClassifiCatOn 
ReMarks 

D. 

0 

0 

Sample 

and 
Type or 

ROD 

Depth 

(FL) 

or 
Run 
No. 

Blows / 

6" or 
ROD 

(%) 

at' 



WELL No.: 	la A4 VOTa(r,  

PERMIT No: 

Inb  1 	Tetra Tech NUS, Inc. 	 BEDROCK 

MONITORING WELL SHEET 

•
Si 

N A 

NA  
7401 . 7Z. 

7  7. 6  Elevation / Depth of. Bottom of Screen: 

PROJECT: 	NSWC CRANE  DRILLING Co.: BOWSER-MORNER 	BORING No.: 	I DIVItikaWc.  

PROJECT No.: N6878 	DRILLER: 	 b3 ALS H 	DATE COMPLETED: 9-  la-04  

SITE: 	 SWMU-12 	DRILLING METHOD: 	itsk -iz)-r  NORTHING: 	n11 6, 38 . S7  
GEOLOGIST: Cot.31--  t 	DEV. METHOD: Singe il  ,,rs e  EASTING: 	3  C) 'AS 9g 1• V.  

	Elevation of Top of Casing: 

Stick Up of Casing Above Ground Surface: 
	Elevation of Top of Riser: 

	 ID. of Surface Casing: 	  

Type of Surface Casing:  Skeet _  

	 Type of Surface Seat 

1.D. and Depth of Permanent Casing 7TE1wP TO q 
(if applicable) 

1.0. of Riser. 

Type of Riser: 	 PVC.  

Borehole Diameter; 	̀6&42  

Type of Backfill: 	BENITOM Vie  
CH-1PS 

FJevation / Depth Top-of Seal: 733. Al 
Elevation / Depth Top of Bedrock: 733.6% / g 

Type of Seal: 

Elevation / Depth of Top of Fine Sand: / 
Elevation / Depth of Top of Filter Pack: 73o.(%/ 
Elevation / Depth of Top of Screen: 7 A7-63/ 	(LI  

Type of Screen: 	 PVC.  

Slot Size x Length: 	20  

II. of Screen: 

	 Type of Fdter Pack: 	GUNSAL.14S  

Diameter of Hole in Bedrock: 
Core / Ream: 	 5 'ix 

	Elevation / Total Depth of Borehole: : 	71'6, 6g 2.5  

ar 

Ground Elevation...7y .647  

Datum MSL:  



25 

Tetra Tech NUS, Inc. BORING LOG Page 	I of 

12 tvIv4T-  24- PROJECT NAME: 	NSWC CRANE-SWMU-12 BORING No.: 
PROJECT NUMBER: 	N6878 DATE: lzkisLi 
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: C.. 	les C. Lot4,4c4-17r1_ 

DRILLING RIG: 	raw_ -Sy  DRILLER: Ke.4 .Boc_iNivie 2 

MATERIAL DESCRIPTION PID/F10 Reading (ppm) 

Sample Depth Blows / 
No. 	(Ft.) 	6" or 
and or ROD 

	

Type or Run 	(ib) 
ROD No. 

Sample 
Recovery 

Sample 
Length 

Lithology 
Change 

(Depth/Ft) 
Or 

Screened 
Interval 

Soil Density/ 
Consistency 

or 
Rock 

Hardness.  

Color 

U 
S 
C 
S 

Remarks 
E 
(1) E 

co 

o 
.0 

O m 

. 

Material Classification 

Sec 8e4444% 

F.1 
ti 

a 

4 
12 Mw TZ.S F45Q. 

LATI444 Let G-Y 

16 ✓ 

-.4 

8644-,A,5 wags "Dr.!, e.4 

So..e914,4 	.4441)44(.4- 

r. 

s 	

7 
8.  

/7  
1 

z  
13  

ci)  9S 0 

91) 115 0 

4 	 

0 

I 
15 

cb 0 25 
• When rock coring. enter rock brokeness. 

"Include monitor rearing in 6 foot intervals 0 borehole. 'Increase reading freqUency if elevated reponsti.iead- 

Remarks: 	T4,osporftary c--ct 	Sca— ,.To 11 ̀ ;69S. 

Drilling Area 
Background (ppm): 

 

I ses I 

   

• 8.4r.o..e1e.. was Rc.,4,4,t4 A-45 Z61  belS.  

Converted to Well: 	Yes 	A 	No 	 Well I.D. #:  12ottar 29 



NA Elevation of Top of Casing: 

2. if 

Type of Surface Seal: 	 

I.D. and Depth of Permanent Casing: 
id applicable) 

1.11 of;  Riser: 

Tetra Tech NUS, Inc. 	 BEDROCK 	 WELL No.: 	l2 ftluzT 

MONITORING WELL SHEET PERMIT No: 

Type of Surface Casing: St-t-t-k Ground Elevation = ?WO. 
Datum MSL: 

Type of Riser:.  

Borehole Diameter: 

	 Tape of Baddit 	C".‘4*Ir  %O.Nr...Cfre 

Elevation / Depth Top of Seat 	r—,--vis,T47).'/' :  
Elevation / Depth Top of. Bedrocic 	'7X144-.);11 10'  

	Type of Seit., 	 0145, 

Elevation / Depth of Top of Fine Sand:, 	.  to / r3/14- 
	  Elevation / Depth:of Top of.  Filter Pack: - 	7A 	_  

Elevation / Depth of Top of Screen: , 	A.".44./.,  IS  

	 Type of Screen: 

Slot Size x Length: .-

LD. of Screen:.  

Type of Fdter Pack: 

24st.-  1- le. 

L2_ 
atopavit-. 
Quotreva. Seela 

	Diameter of Hole in Bedrock: 
Core/ Ream: 	 S "  

	Bevation / Depth of Bottom of Screen: 	711.444- / ZS /  

	Elevation/ Total Depth of Borehole: • 	7rat- d-Fa/ 7.‘  

Stick Up of Casing Above Ground Surface: 	A  
Elevation of Top of Riser: 	 744,. S  

I.D. of Surface Casing: 

rye. 

PROJECT: 	NSWC CRANE 

PROJECT No.: N6878  

SITE: 	 SWMU-12  

GEOLOGIST: cu.,,,res c. 	DEV. METHOD: 

DRILLING Co.: BOWSER-MORNER 	BORING No.: 

DRILLER: 	 BoeViweft.  DATE COMPLETED: 

DRILLING METHOD: 	EISA- 	/ver 	NORTHING: 

Su ng e I pai-9e.  FASTING: 

12.rhuIT-  2.3  

94/04  

131373 4, , 63  

o'6%.17  

T.O.R. 



Page  1  of 	 Tetra Tech NUS, Inc. BORING LOG  

Converted to Welk 	Yes Well I.D. 	fouxiT"Z  

PROJECT NAME: NSWC CRANE-SWMU-12 BORING No.: 12 owtir 33 
PROJECT NUMBER: N6878 DATE: $15/ t / 	f 
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: e.t....ricu c 
DRILLING RIG: True-k mo,par B DRILLER: -re 	".1t 0 eh e 

0 

v. 

Drilling Area 
Background (ppm): 

When rock coring, enter rock tirokeness. 

" Include monitor reading. in 6 foot intervals 0 borehole. kmrease reading frequency if elevated reponse read 
RemarkS:  Teger:prvery eet,Stve gerle+  

PID/F1D Reading (ppui) MATERIAL DESCRIPTION 

2S 94 

Sample 
No. 
and 

?Type or 
ROD 

Depth Blows / Sample 
(Ft.) 	6" or Recovery 
or 	ROD 

Run (%) Sample 
No. 	 Length 

Lithology 
Change 

(Depth/FL) 
or 

Screened 
Interval 

Soil Density/ 
Consistency 

or 
Rock 

Heminess 

U 

S 
C 
S 

Iro 
0 
.= 

.m 

Color 

S 

8 

11 

13  
ty  

al 

23 

2.4 

Ste- 1-65. 12,443T2S 

Fot. 4ermit.061 Fee" 

9b 

95  

0. .3P3,13- 

so 
4 	 

co 

its 

Q. Remarks 
E 
of 
CO 

.'N 
.m 

0 

Ut 

W .  
Material Classification 

Tt 



Depth 
(Ft.) 
or 

Run 
No. 

Blows / 
6" or 
ROD 
(%) 

Sample 
Recovery 

Sample 
Length 

Uthology 
Change 

(Depth1F1.) 
or 

Screened 
Interval 

Soil Density/ 
Consistency 

or 
Rock 

Hardness. 

26 

Zf 

ZS 

31 

33 

gy 

3s 
36 

3 
35 
39  

91 

43 
qv 

1.4110 

II 

.soor- 
II 

C 	Remarks 	O. 
S 
	

E 
CO 

m BR; 

111Mce- -PM1.4,6  

Drilling Area 

Background (ppm): 

N 

a 
*r. 

Tetra Tech NUS, Inc. BORING LOG  Page  2.   of  9  

   

PROJECT NAME: NSWC CRANE-SWMU-12 BORING No.: 12 plum 33 

PROJECT NUMBER: N6878 DATE: 8131 Atoi 
DRILLING COMPANY: BOWSER MORNER GEOLOGIST: C-1-.0-les G Lawe--41C__ 
DRILLING RIG: "Tiruc-IC tercrondr DRILLER: 1—o" acsel.A•tt a_ • 

MATERIAL DESCRIPTION PID/FID Reading (ppm) 

VI- 

C1 e 

Sample 
No. 
and 

Type or 
ROD 

N 

to 

0 
0 
.c 

0.4c1C 

Color 

Garif 

• 11 

Material Classification 

SA.DS/O E 

11 
Cor1L. 

SI 

II 

PastioaroirE 

- 

**Ay 

N 

9D 
swerestar) 

Soir-rt- 
*ex 

1:1114f CALAISreat 

14441 	  
When rock airing, eider rock brokeneSs. 
Include monitor reading in 6 !riot intervals- 0 borehole: Matteis renting frequency Welevated reponse read.: 

Remarks:  PP4-~ear- 	tax—re  

n ri 

iftealamm 
Howto SINVPST0Pri. 

Converted to Well: 	Yes 
	

Well I.D. #: 	rim 1-4.3  	• 



Sc 

61 

62 
63 

Ids 

0:64 

67  

61  

71 

Tetra Tech NUS, Inc. BORING LOG  Page  3  of  9  

   

PROJECT NAME: 	NSWC CRANE-SWMU-12 
PROJECT NUMBER: N6878  
DRILLING COMPANY:  BOWSER MORNER  
DRILLING RIG: 	Troee 0.0.,,gr-  8- 5cr  

BORING No.: 	12_ rt"1  33 

DATE: 	 Vaiseq 
GEOLOGIST: 	C-ua.-05, c.. 

DRILLER: 	 80.1-t"$*vai 

MATERIAL DESCRIPTION PID/FID Reading (ppm) 
Blows/ Sample 
6' or Recovery 
ROD 	/ 
(%) Sample 

Length 

Lithology 

Change 
(Depth/FL) 

or 
Screened 

Interval 

Soil Density/ 
Consistency 

or 
Rock 

Hardness 

Sample Depth 

No. 	(Ft.) 
and 
	

or 
Type or Run 

ROD No. Color Material Classification 

S 

C Remarks 
0 
O. 

U) 

E 

4/4 

o. 

O 

IV
. ,  

Oaay 51  
iwgBuvw 

auarar 
OkwaiSrO&V.Ivorealoasi 
$m/Swimpoot  

131..ecity 
A 110" 0C 1iuvl Po, 

S2. 
53 

Sti  

ID I S  

II a, 

I t•rSiroot- 

iMaC, 

4, 

/I • 

rt 

II 

S t  

I I 

It 
fre,04- 

/I 
	

II 

Medium 
wo‘rat 

• Op 

'14$.e. Faansts-iri. 

P.16.1 Gz.S-63/ 

A. Ion-  O eciaty.  

I, 

BLeicity. 4- belnadc. 
!1w3 

cl) 

ifut 

70 	 

Cesokf,f4o,* W-13 

I1 y 
	

at 

. I, 

4l 

it 

I I 
I 

&rut 

Rest-. Mickr • . 

0  

es 

ti 

Op 

11, 

II 

Is 

SAMOSO....11 beirr,00.80 
taeirSekedlL 440*er  

II 

Is 

ti  

t, 

co 

4 
95 

7-V 
7.5 z i7o.. 

 

emit 
Ilooky 

II 

.50.401:040€ ka-swatjAjw, 
SIWSTorsof, 

1I 

4 Itt.ecAr,y . 
I I  

*linen rock coring, enter rock brokeness. 
"" InClude monitor reading in 6 foot intervals borehole. Increase reading frequency V elevated reponse read. 

Remarks: 	-2„ Gyre., Fen rogns Hole,  pr.gs.c, 4-  01446 Ve. ge-41-1vArtai  

Drilling Area 

Background (ppm): 

 

 

    

Converted to Welk 

   

Well 1.D. It:  Vt. et.",$T-  3.3  

      



BORING No.: 	12_1suAr 31 
DATE: 	9/Zict.  
GEOLOGIST: 	C.I rlcs c. 	—rilr 
DRILLER: 	 T 	elk.stat, 	• 

NSWC CRANE-SW MU-12 
N6878  
BOWSER MORNER  

"Troc,ic vrtg.04fr- S- S9' 

Sample 
No. 
and 

Type or 
ROD 

Depth 

(FL) 
or 

Run 
No. 

Blows / 
6" or 
RQD 

(%) 

4? 

io 

43*  

Tetra Tech NUS, Inc. BORING LOG  Page i of j_ 

   

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

MATERIAL DESCRIPTION PIDIFID Reading (ppm) 

.c

U  
S 

S 

Sample 
Recovery 

Sample 
Length 

Lithology 
Change 

(Depth/FL) Soil Density/ 

or 
	Consistency 

Screened 
	or 

Interval 
	

Rock 
Hardness 

"14,01 
1+04 

tt 

st 

• 

Material Classification 

SliewesSIMM. Issr1416041414 
St vilmsnue. 

s• 

It 

a • 

I 

• 

Remarks 
.E 
Co .  

Vt.oc-Ica• 
•• 

Of 

Stocity.  

0 

9 

Rifest— 
WaTirc Odor wat'  

45  

• 

4 

I 

1$ 

ti 

It 

II 

II 

I$ 

If  

It 

ez 4 

Color 

ab:•Ok • 
4441 

I • 

it 

I 

I) 

It 

tt It 95 
II 

5 
ty It I 

II 

800..sysye.. TesIttsawsrites 

	..% 
4' When rock coring. enter rock bMkaness. 	* 

•' .Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency it elevated reponse read. 

Remarks: 	Itc•woleJ +0  1 S.  

Drilling Area 
Background (ppm): 

 

 

 

Converted to Well: 	Yes  	No 	 Well 1.D. #:' 	/Aur 33  

It It 



Tetra Tech NUS, Inc. 	 BEDROCK 	 WELL No.: 	12".•01-3 

MONITORING WELL SHEET 	PERMIT No: 
Tt 

/1/4  

746 

+0 35.5 

Ground tie4ation 
Datutri:MsL: 

73t.3).. 

Type of Seal: 

• PROJECT: 	NSWC CRANE  DRILLING Co.: BOWSER-MORNER 	BORING No.: 	12stru3T 33  

PROJECT No.: N6878 	DRILLER: 	 130c..Ume.a... DATE COMPLETED: 	9/2./4  

SITE: 	SWMU-12 	DRILLING METHOD: 	KSA-fizen-  	NORTHING: 	1"1")  `"1.5  

GEOLOGIST: 0"041e..4 C. titoc-FIr DEV. METHOD: 	Surge, s' Nur c342.   EASTING: 	-  3.b 6 6 at  

	Elevation of Top of Casing:.  

Stick Up of Casing Above Ground Surface: 
Elevation of Top of Riser: 

	 1.13. of Surface Casing: 	  

Type of Surface Casing:  , 5  

4Typrof SurfAceSeal:- 
D. and Depth of Permarrenr:Casing: 

tit applicable) 
D. of Riser_ 	 2 if  

of Riser 

Be 

Elevation./Depth Top of Se* 
Elevation / Depth Top'of Bedrock 	•,7a7t. 8 /  

Elevation / Depth of Top of Fine Sandi.„ 
Elevation i Depth Oi'top of Filter Pack:, 	g,‘  9.0 I µ gei  
Elevation / Depth of Top of Sereen: 	661+. 3k -I *11  

	

i 	. 
	 Type of Screem 	Pv(.  

Slot Size x Length: 	2* St. X 10 i  
-,,. 	. 	,..... 

I.D. of Screen; 
G.•8 M. 4,,..S 

Type of Filter Pack 	(32,,,A arm sa4v4p 

Diameter of Hole in Bedrock 
Core / Ream: 

Elevation (Depth of Bottom of Scieem 	1411: 1"k  

Elevation/ Total Depth of Borehole: 	• r94-1-1 /  

I • I 1 	• 11.. 	• 

Borehole Diaineter; 

4;:oYC. 

ar 



tit)  Tetra Tech NUS, Inc. 

PROJECT NAME: 	NSWC CRANE 

B 
PROJECT NUMBER: N9060 CTO 0279 	DATE: 

GEOLOGIST: 	BO BALKOVEC 

    

DRILLING RIG: 	ROTOSONIC DRILLER: 	 Orate" S. 

    

DRILLING COMPANY: BOWSER MOANER 

BORING LOG  
BORING NUMBER: VIIk.,..)-C(9% 

Page 	of  I  

MATE RIAL DESCRIPTION PID/FID Reading (ppm) 

Sample 
No. 
and 

Type of 
ROD CO* 

Sample 
Recovery / 

Sample 
Length 

Lithology 
Change 

(Depth /FL) 
or 

Screened 
Interval '114.0k 04044 

Material Classification 

S 
C 
S 

Remarks 
a. 

To- 

Depth Blows, 

(Ft) 
	

6" or 
or 
	

ROD 
Run 
	

(%) 
No. 

trt. as 1 	--Lot) %01-‘ 

‘ktt.t. -6 CusAtt< Sum 

s"o -14.'  

0.0 6-0 

fAt 

Vt. 

tank% 

b.ci ty" 

Srn  %.0LANuertkfl 

' °̀244'' 
L..t.errt 
	

C.N.AX.Ot 

rniflArt' 
	99_4 	 S-14. ‘x. 'Awn 

Xem. 
vCC 

1 

Qout-eck.s' V ILX itttS vwto %yr 
	

SANKN "Tully er 

tair, lk 

cL-( 

CÌ (106N -to iks' 

c)Aigg)x.  

c>1..ctx, rivytex,-Nt. 

V))  

hl  

\s"  

cDtiltErvi.o  

).1( cv0  

9.3E,Art zo  

• When rock coring, enter rock brokeness. 

** Include monitor reading in 6 foot intervals 0 borehole. Increase reading frequency if elevated reponse read. 

Remarks: 

Drilling Area 
Background (ppm): 

 

 

   

    

77 

	%S.  

Converted to Well: 	Yes No 	 Well I.D. It: P-3riw..rt ok 



MONITORING WELL SHEET PERMIT No: 

Tetra Tech NUS, Inc. BEDROCK 	 WELL No.: 	kis rtui 0 

Type of . Seal: 	CSEArt CA-L-2RK) 

DRILLING Co.: BOWSER MORNER 

DRILLER: 	 S 
DRILLING METHOD: 	ROTOSONIC 

DEV. METHOD: 4Micp c1/4„1,A3 

Elevation of Top of Casing: 

Stick Up of Casing Above Ground Surface: 
Elevation of Top of Riser 

ID. of Surface Casing: 	Scawitg_  
Ground Bevation = 1l3 ,k0 
Datum MSL: 

Type of Riser. 	PVC 

4 	Borehole Diameter. 

Type of Backfill: 

/ Depth Top of Seal: 	 / 
Elevation / Depth Top of Bedrock 	10— 6 / cisS'  T.O.R. 

Type of Surface Casing: 

Type of Surface Seal: 14.')c  tkf 	?AO 
	I.D. of Permanent Casing:  'NA  

I.D. of Riser 	2" 

6-e-otA.-1 

• Elevation / Depth of Top of Filter Pack: 
Elevation I Depth of Top of Screen: 

Type of Screen: 	9\x_ 

ar 

PROJECT: 

PROJECT No.: 

SITE 

GEOLOGIST: 

BORING No.: 	 V1etwrt.A5‘  
DATE COMPLETED: 	v-17-5  

s 	. s-rt  
50a-so kS-cot3  

NORTHING: 

EASTING: 

41011101.....011ZOW 
WW1" 
•17101,21. irri 

Slot Size x Length: 	at)4 to  

.I.D. of Screen: 	2" 

Type of Filter Pack: 	No. 20-40 SAND  

Diameter of Hole in Bedrock:_ 
Core / 	 Ssfr  

Elevation / Depth of Bottom of Screen:-

Elevation / Total Depth of Borehole:.  

NSWC CRANE 

9060 CTO 0279  
SWMU 13 

B. BALKOVEC 

(619Aol ‘tb' 



DRILLING COMPANY: BOWSER MORNER 
PROJECT NUMBER: N9060 CTO 0279 
PROJECT NAME: 	NSWC CRANE 

etra Tech NUS, Inc. BORING LOG  
	 BORING NUMBER:  \9).tvv.frtiA  

	 DATE: 	 bo fo3  
GEOLOGIST: 	BOB BALKOVEC 

Page  1  of 

Sample 

and 
Type or 

ROD 

Depth 

(Ft-) 
or 

Run 
No. 

Blows / 
13" or 
ROD 

(%) 

(2 I 	 z 
watAume- low  

5ANCA 11*NO2/(4' 

Cocoa, cmit•Jui: 0, P4' txtfo( 

‘54-0 SAY A.Veck -ritik 

541.v.)--tvec,  

1 - 1 
Drilling Area 

Background (ppm): 

Converted to Well: 	Yes 	><_ 	No Well I.D. #: 	Vx,r0.0-‘,3-11 

' When rock coring, enter rock brokeness. 

" Include monitor reading in 6 foot intervals GI borehole. Increase reading frequency if elevated reponse read. 

Remarks: 

DRILLING RIG: 	ROTOSONIC 

MATE 

DRILLER: 

RIAL DESCRIPTION 

pfwi S• 
PID/RD Reading (ppm) 

Sample 
Recovery / 

Sample 
Length 

Lithology 
Change 

(Depth /FL) 
or 

Screened 
Interval 

Color Material Classification 

U 

C 
S 

Remarks 

to 

Set vv.,Au-ku\ 	 S" o-\S' 

a 
	

cDIALls< PetftE.Das.t. 

tsK 5 

SAckt; ilvnalatt‘" 



I.D. of Riser: 	 2" 

Type of Riser: 	 PVC 

Type of Backlit!: 	(31..DuZI 

/  

BEDROCK . 	 WELL No.: 	GetWO-I  

MONITORING WELL SHEET 	PERMIT No: 

Tetra Tech NUS, Inc. 

PROJECT: 

PROJECT No.: 

SITE: 

GEOLOGIST: 

NSWC CRANE 

9060 CTO 0279 

SWMU 13 

B. BALKOVEC 

DRILLING Co.: BOWSER MORNER 	BORING No.: 

DRILLER: 	 ONE_ 	5  . 	DATE COMPLETED: 

DRILLING METHOD: 	ROTOSONIC  NORTHING: 

DEV. METHOD: W‘kiku.  civ„rop 	EASTING: 

V4`rkwiD3 
3A4D.1 

‘Ixo alk ct  
3"44191. (061 

Ground Elevation =,11i 3tk 
Datum MSL: 

Elevation of Top of Casing: 
	 -"LIN, 60 

Stick Up of Casing Above Ground Surface: 
Elevation of Top of Riser: 

	 "-I1A 

I.D. of Surface Casing: kt'f  SOMPAE 

Type of Surface Casing: 

Type of Surface Seal: 	Ltd.̂  A•t'x ‘,/ ?iikp 
I.D. of Permanent Casing:  n1 j  

a :21c,' 

T.O.R. 
/ Depth Top of Seal: 

	Elevation / Depth Top of Bedrocic 

Type of Seal: 

Elevation / Depth of Top of Filter Pack: 
Elevation / Depth of Top of Screen: 

Type of Screen: 	 qc..,  
Slot Size x Length: 	lo  

I.D. of Screen: 	2"  

Type of Filter Pack: 	No. 20-40 SAND  

Diameter oHole in Bedrock: _ ,,./ 

5  
Elevation / Depth of Bottom of Screen: 

Elevation / Total Depth of Borehole: 

./..3 
Core tam: 



Tetra Tech NUS, Inc. 

PROJECT NAME: 	Crane NSWC 
PROJECT NUMBER:. 	et0(6.0 
DRILLING COMPANY:'  

BORING LOG  Page 	of 3 

1301W-7i-24,3  
FIZ 	1.4) Utp,vki5rAt 

DRILLING RIG: 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER- 

M.-01tart.0 
%ITU 	t G. 

MATERIAL DESCRIPTION 
Sam* 
No. sod.: 
Type% 

Pooh-. 
40 Of • 

Poo 

Color 

Lfthology 
Change - 

(Peigh.1120  
• or 

Scfoontod 
Intern( 

(9 
ileof 

eye t 9.019- to 
20 

404_ .50.4.1.  
udi 	ret&4;  

rAcrt1T.L-Po Ct(V..c 

13r4 
tor°  
SOrl- 

1~0-0 t'.  

Itmt.9 tritED TO LW-yr C‘erztr 

30: 

0C- c--  VV 6: •  

140R. 

.43 

3C 

• When took coring, enter rock brokeness. 
-** include-monitor-reading-in 6 foot intervals 0 borehole: Increase reacring-frequency if -elevated reponse read. 

Remarks:  C.h-5/1-Jle TO 3 	 11.64-14A4.1 	tiob  
- - 	- ---Drilling Area 

11!;;JE Background (ppm): 

Converted to Well: Well 1.D. It:  13,1ThiTIC3 

14,  
1.7 



Tetra Tech NUS, Inc. BORING LOG  

  

PROJECT NAME: . 
PROJECT NUMBER: 

) DRILLING COMPANY: 
DRIWNd RIG: 

Crane NSWC 

(3014sez  
Iktee'S.S.0141 C 

'.(Ft).; 
l'ypent ,or • 

. pop Toon 

Blows I 
• 

MATERIAL. DESCRIPTION 

S 

.P••••••••• 

otAr-D 440 sufti SA4120Z4.1e" 

fikk 

BORING No.: 	 
DATE: 
GEOLOGIST: 	 
DRILLER 

Page 1 of 3., 

iNkir 
03 

 

 

OiFittorrO 

Sample 
Recovery/ 

Sample 
!Ample' 

Uthology 
Cioinge 

POPIlin4 
or is 

Screened 
.Iisterval 

li10/1,16iieading (jm) 

'SO* A44-0.0,1i4e-

0101:PANPestrose-  C4/ 
SLOCle- LAMS INF  

VE1.4070 	tif•444(-1 • #0 4e.  414161., (cm, 

1 • 	• 

i--tal3w..,(440*()F 

i• 

>••-•'• 

I.' • 

• 

C 

,LArlitAPITeD 
PtStitO •:" 
11+14 1.~ • 

s.13 

,•••4'•,••-• 

TOW us kS 
„ 	 . 	. 

** hcludantonitor 	• 	Intervals borehole. -Increase reading frequency elevated reponse read: 
* When rock coring, 	rock brokenesS. 

Rernark: 	efr,..Eit 	tt2c5 Luta rz. 77.4  
no ifih 	7 6  

- --Drilling Area 	--- 
Background (ppm):1..0,1 1 

Converted to Well: 	Yes 	✓ 	No 	 Well I.D. #:  13 icit4T--2,6 



Blows / 
Of 

ROD 
(%) 

Semple 	thhologiy 
Recovery/ change 

todethiN view 

scrieid • ViAlV7 
*000 

Sample 
oFttith 

MATERIAL DESCRIIIION 

rpio tortrit4,403 V144*-- 

$4,4p57-00 e- 

tterAcchs..1 

• ' 
	0:640:7  

	

^ 	 ' • 

	

* %-••: 	taitg•e1.717- 

WC. fteRt -0400sibmc',  
StiAt.e- 

/tAtnoaokrt  

Olgtrigo 
rk. ! 	• 

• rte. 

atitu..‘ 11/1s/ Lifots 

.51wo.s.ftv.e - (mat-0 vex,/ 	dater 
111.4" A. 

Cl 

Tetra Tech NUS, Inc. 	BORING LOG  
Crane NSWC 
• ̀ 1040  

BC 'se?. oue_Net 
V5 A -  

Page -,4, 

BORING No.:  13 riehi ,T"  
DATE: 	 tr) 
G.EOLOGIST: 
DRILLER: 	 Fot  

PROJECT• NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

• 

PID/FID)htedIng tempo) 

st4:• 

• 
C 
S 

It 

C. FISSIL41-0(1,1 144  

Remarkw: -‘1St  

• •• 	• 	• '• • .•••• 

FISS  

® • I 	r  

• When rook coring; enter rods brolceness. 

-"Include no 	reiningin 6 foot intervals- borehole. Increasereacring-fiDquenotif-elovated-repotise read. -- 
I • 	• 

- - 	Drilling Area-  -  
f$ackgrodtil(ppm):1  O.  Remarks: pthilit4obetrally. hs.‘ 	rs  

Converted to Well: Yes 

   

Well I.D. #:  13 mwrzs  

 

    

       



SLOT SIZE x LENGTH:  A26 A it)  
9° sh,i_  

	 TYPE `OFSAND PACK:  Or%. mr-D  

ELEVATION/DEPTH-BOTTOM SCREEN: 	Cal 5.5.9 
Of 	BOTTOM OF SAND: 	Oir 
ELEVATION/DEPTH BOTTOM OF HOLE 	61r.s.  
BACKER!. MATERIAL BELOW SAND: 

WELL NO.: 13 rnwf.2.8.  
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

Tetra Tech NUS, Inc. 

PROJECT  ASSOC_ C0,61•10  
PROJECT .NO.  `10(00  
DATE.  etouN--  it 7 

. t.9..
/ 013"  

FIELD GEOLOGIST c_se,iit--G-R4 
OROUND ELEVATION  705.5-1  



ca t  

2- 

S z 

I 

2,0 

S4 
f,2  2,0 

2Q 5- 97 
#2.-7 2, CI 

LOOSE 
0 f4 
OR. SILT, 

-o-al . SS rfaAC. 
'DJ 8171 

S s- 

 

5:0fri*  
4 . 

V DEN3r: Gle 

 

PArke. 	sAr.  0 0 

 

O 

 

10 

 

Ro 
O.Eiv .  

 

FE S 

    

   

Sii4i4DsroNL_. 

 

0  b 0 

tI  ts" L9I 
1.3  

Tetra Tech NUS, Inc. BORING- LOG  Page 	of  I  

PROJECT NAME: Crane NSWC BORING No.: / 69 /A wiT/7 
PROJECT NUMBER: 9 Otpr) DATE: (I 	- 03 
DRILLING COMPANY: g o vvs f- 	A./1 oto--AIE-- GEOLOGIST: G. Cbc A/RAN 
DRILLING RIG: C 	e_ 	SS-Co DRILLER: 141/1 

MATERIAL DESCRIPTION 
	

PIDIFID Reading (ppm) 

Sainple 
No. and 
Type or 

ROD ' 

Depth' 
(Ft.) . 

Or 

Run 
• No. 

0. 

Blows / 	Sample 
• 6" or 	RecoverY/ 

ROD 	Sample 
(%) 	Length 

Lithology 
-,-Ohange 
(Dejith/Ft).  

Screened 
Interval • 

Colon 

U 
S. 

C 

S 
Remarks 

ro 

MD601/56 

t_ob5e 

SAAdo GRAVEL 

sit-r  

•10 
 Fit--C, 	v' 

r 
4-La, fliften to. 

PePAG•3e-ie-g--
+%) 5 P0Olut. ake 
” 	/ A.<6 

GA  

QK 
1512̂ ,  

 

O C)  

0 C.7 

 

s 3 	 V-1-405f  
Ole_• 

:61 Lk rY.1z_c4, 
	

set 
C.42E y ni nm/,WC./ 	

0 

?ff 
	

12-0 . 
SAAd 0 .5 7—o 	 .0 

t9 
	

• 
	 • 

•OK 
	

SMVP 5 7-0/1/C 
	

1.3 'I t-5 1.3 

GR. 
S As,/ 05 Tor., Itc 

tvE Ferri 6-FI6 D, /8--1— 
l'i•J 4 Per.. zetyr,  
BLA ct sraes<5 

S Pt,  

36 5 

St() 

•Qo 

   

S 144-4-y, Fe 5 PIIA,re, 
SA:r: A1001,1e. sPoo•J 

V. 	L4,y1's tn,  P...at" 
AAVP  

  

.9 .7 

  

3 

&a. LC. 0 0 0 E> 

 

2_i 

  

i,••• 
croir-4 

 

0 

  

5 1 z 

 

. 3 	•  

 

r7k  SI44;t..E 

 

0 

 

2 
	

3 
	 TO -z ' 

• When rock coring, enter rock brokeness. 
Include monitor reading in 6 foot intervals 0 borehole. Increase reading freguency-if-elevated-reponse-read ------ -- 	 - - Drilling Area 

Remarks: 
	 Background (ppm): 

	

R t  0 	A.) 01 FAA.  

	

Converted to Well: 	Yes 	,N,/- 	No  • 	Well W. #: 	(0.4 PVC)  7 



TYPE OF RISER PIPE: 
(-4 o 

• c c.14 6 0 u t- 

Ton/  2.4 
71.0.71 2.1  
rtko."?, / -21  

ELEVATION/DEPTH BOTTOM SCREEN: 
ELEVATION/DEPTH BOTTOM OF SAND: 
ELEVATION/DEPTH BOTTOM OF HOLE: 
BACKFILL MATERIAL BELOW SAND: 

PROJECT NO. 	9.0 o 	BORING 	/ ivk Go 7-  s -7  
DATE BEGUN 	11-- 5 -07, 	DATE COMPLETED 	S-03  
FIELD. GEOLOGIST  M. G. coc Ft a A..> 
GROUND ELEVATION  764.71 	DATUM  Nipkvi.3  

DRILLER 13 0 CA-/5 ER-- 

M0,2-AJER, 
DRILLING 
METHOD  k, S Pt 	•  

DEVELOPMENT 	t_note.../ 
METHOD sid 4vte, 

PROJECT 	R 	LOCATION  C R Ark)  E-- 

ELEVATION/HEIGHT OF TOP OF SURFACE CASING746,54t  

ELEVATION/HEIGHT TOP OF RISER: 	 753/ I;77 

TYPE OF SURFACE SEAL:  ce...wc.42 ars,.  

I.D. OF SURFACE CASING:  1.11  t4 Y S 6) S"ra U 

DIAMETER OF HOLE: 	/ " 2. 

RISER PIPE I.D.: 	2. 1  

7571/.(2 

75-0.71/  

ELEVATION/DEPTH TOP OF SAND: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 	c_ 5LO rM-- 0 

C_,  L o 6A c_  TYPE OF SAND PACK: 

TYPE OF BACKFILL:  C 	7-  c., c) pox CL  

rhe-aturn  

ELEVATION/DEPTH TOP OF SEAL 	 761:77/  
50.4./  

TYPE OF SEAL:  C. ETC° p u:rte & oL D. 
.'rte e-0 IVM pct,Le-rs  

SLOT SIZE x LENGTH: 	0 2_ 0 /C 
T.D. SCREEN: 	'2.. " 

5 A 1\10  

DIAMETER OF HOLE IN BEDROCK: 	ik, 
CORE/REAM: 	  

 

WELL NO.:. 	isIN V1/1—  I 7 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

  

Tetra Tech NUS, Inc. 

  



0.0 

5.0 

10.0 

15.0`— 

764.31 

Clay(CL): 

Clayey 
fine-grained 

ft NSL 

brown, soft, 	damp, organic marl 

sand(SC): 	brown, 	soft to stiff, v 
sand, uniform, slightly damp 

brown, dark brown, very fine-
sand (quartz), wet from 15 to 16 

Sandstone: 
grained 

20.0 -- 

Shale: dark grey and brown, soft. 

25.0 -] 
25.6 

NWSC, Crane, Indiana 
Building 146-Ordnance Demil Facilit 
Lithology 
Boring Number: WES-14-2-83 



3" Steel Protector Pipe with Carl 

3.0' 
764.31 ft :'!SL 

Grout 
	6.8' 

1 

	

11.35' 

Bentonite 	2.0. 

25.8' 

16' 
	

9.04' 

Pea 
Gravel 
	

17.0' 

5.41' 

11•111111•10 

\"---2" Schedule 40 PVC pipe 

:2_ Water Depth at Time of Drilling 

E2 Well Screen 

NWSC, Crane, Indiana 
Building 146-Ordnance 
Demi]. Facility 
Well Completion 
Boring Number: WES-14-2- 



TETRA TECH BORING LOG  

Drilling Area 
Background (ppm): 

* When rock coring, enter rock brokeness. 

** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks:  a  5FT 	 (SSA 0.- to ;  4  

Well I.D. #:  j94 14A,GuT O(5 j Converted to Well: 	Yes 	 No 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 0.1 6-55 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

Sampl 

e No. 

and 

Type 

or ROD 

Depth 

(Ft.) 

or 

Run 

No. 

b 

Blows / 
6" or 

ROD 

(%) 

Sample 

Recovery 

/ 

Sample 

Length 

Lithology 

Change 
(Depth/Ft.) 

or 

Screened 

Interval 

MATERIAL DESCRIPTION 
U 

s 
c 
s 

Remarks 

PID/FID Reading (ppm) 

Soil Density/ 

Consistency 

or 

Rock 

Hardness 

Color 
. 

Material Classification 
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Ben Borth / IN # 2/359 WD 

NSA Crane - SWMU 18 
112G01851 
Micah Group 



DRILLER Micah Group / 

DRILLING Ben Borth IN # 2359 WD 

METHOD  1151 f 4i?  
DEVELOPMENT 
METHOD • ) 	A' 

PROJECT NO.  112G01851 	BORING  IcKil Wiwi 06  
DATE BEGUN  ao- 1 i 	DATE COMPLETED 	- - /1 
FIELD GEOLOGIST  g. 605(/1,-.1?  
GROUND ELEVATION 	'1 	DATUM 

  

  

ELEVATION/HEIGHT OF TOP OF SURFACE CASING: .53 

ELEVATION/HEIGHT TOP OF RISER: 

      

WELL NO.:  )2?)4 !MIX/TOO i  

      

      

     

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 
  

       

Tetra Tech NUS, Inc. 

  

PROJECT 	NSA Crane - SWMU 18 	LOCATION  Subare-,1  

0) 
0) 

Cs/ 
N 

rn 

03 
03 

0 
0 

TYPE OF SURFACE SEAL:  (6r7Cie-k Poicl (....7X 71( (I ') 

/ r 

/ 4 boilord-5  

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

• / 1 

1 17 1— 

ELEVATION/DEPTH BOTTOM SCREEN: 

~III
=111 ELEVATION/DEPTH BOTTOM OF SAND: 

	

f11 	 ELEVATION/DEPTH BOTTOM OF HOLE: 

	

=1 1=1fi 1.-1,11 Fr.-1=p 	 BACKFILL MATERIAL BELOW SAND:  136,14-01, 44- 

 

RISER PIPE I.D.:  

      

 

TYPE OF RISER PIPE: 	5( I, 4n 1707_,. 

     

      

               

 

TYPE OF BACKFILL:  (64144i-1t 13 6,  

  

               

               

ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 	i3  

      

     

I t o '  

      

               

ELEVATION/DEPTH TOP OF SAND: 

      

ELEVATION/DEPTH TOP OF SCREEN:_ 
TYPE OF SCREEN: 	Sch 4  r 1/4.— 

SLOT SIZE x LENGTH: 0 , 0), k.) 	)( 10 

      

      

      

I.D. SCREEN: 

             

TYPE OF SAND PACK: 

        

               

DIAMETER OF HOLE IN BEDROCK: 	6.6 if 
CORE/REAM: 	I 0 	 f  

    

    

               

               

/  



DATE: 
GEOLOGIST: 
DRILLER: Ben Borth / IN # 2359 WD 

tI /(o /II 
(2. - 

Sampl 
e No. 
and 

Type 
or ROD 

Depth 
(Ft.) 
or 

Run 
No. 

0 

Blows / 
6" or 
ROD 
(%) 

Sample 
Recovery 

/ 
Sample 
Length 

Lithology 
Change 

(Depth/Ft.) 
or 

Screened 
Interval 

MATERIAL DESCRIPTION 
U  
S 

c 
S 
. 

Remarks 

PID/FIDReading(ppm)I  

Soil Density/ 
Consistency 

or 
Rock 

Hardness 

Color Material Classification 
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When rock coring, enter rock brokeness. 

** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

4 cA 0 5  
7- 17.  c 

5- (Au 56  A, ), yto -4' en 	 I e •  
Converted to Well: 	Yes 	✓ 	No 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

TETRA TECH 

Remarks: 
Drilling Area 

Background (ppm): 

Well I.D. #: 	I bilAwivo 

NSA Crane - SWMU 18 
112G01851 
Micah Group 

s().6 	Ivy  

BORING LOG  
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BORING No.: 	(Sr, 	(Vv\17 001  



Drilling Area 
Background (ppm):ETI 

When rock coring, enter rock brokeness. 

"* Include monitor reading in p foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 	-f Vg 	t I c,A 	7- " 	fl-f 	D 41, S.  
kiiC (a, tr-e--- 

Converted to Well: 	Yes No 	V 	Well I.D. #: 

TETRA TECH 

PROJECT NAME: 	NSA Crane - SWMU 18  
PROJECT NUMBER:  112G01851  
DRILLING COMPANY:  Micah Group  
DRILLING RIG: 	 e. 	P i v L;*--)c  Vt. 

Page 	of I 

BORING No.: 	lai'A-AwiTho I  —A- 
DATE: 

T-  
Ben Borth / IN # 2359 WD 

GEOLOGIST: 
DRILLER: 

Sampl 
e No. 
and 
Type 

or ROD 

Depth 
(Ft.) 
or 

Run 
No. 

0 

Blows / 
6" or 
ROD 
(%) 

Sample 
Recovery 

/ 
Sample 
Length 

Lithology 
Change 

(Depth/Ft.) 
or 

Screened 
Interval 

MATERIAL DESCRIPTION 
U 

S 
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$ 
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Remarks 

Tt A,,e 

D Reading (ppm) 

Soil Density/ 
Consistency 
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Rock 

Hardness 

Color Material Classification 
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PROJECT 	NSA Crane - SWMU 18 LOCATION 7.2) DRILLER 	Micah Group / 

PROJECT NO. 112G01851 BORING 	n "Th I DRILLING Ben Borth IN # 2359 WD 

DATE BEGUN 	l l ___ 6 t DATE COMPLETED It 	- (i METHOD 	tf 5/4-  /f+- 	FL- 	r  
FIELD GEOLOGIST u DEVELOPMENT 
GROUND ELEVATION 7. DATUM 	11/ METHOD 	-1  

ELEVATION/HEIGHT TOP OF RISER: 

TYPE OF SURFACE SEAL:  Cov  
( (/ 	-r 	" 	 L( T? L', /(e,  

rf 
I.D. OF SURFACE CASING: 	Co 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 	Sc  t. 1--Ft) poc_ 

TYPE OF BACKFILL: CAA, 	 v 

ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 	ie--tjt,  

ELEVATION/DEPTH TOP OF SAND: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 	 C  

SLOT SIZE x LENGTH: 	0 	" 	( / 
I.D. SCREEN: 	 c), " 

TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK:  5  

CORE/REAM: 	NI 1( C473 	_ 	, —2 	c,  

Kf 	ki.-‘ 	 • C 

ELEVATION/DEPTH BOTTOM SCREEN: 
ELEVATION/DEPTH BOTTOM OF SAND: 
ELEVATION/DEPTH BOTTOM OF HOLE: 
BACKFILL MATERIAL BELOW SAND: 

z 

0) 

CV 

cs. 

M
_M

W
IN

BR
. d

w
g  

0 

ELEVATION/HEIGHT OF TOP OF SURFACE CASING: 	 

a
Ir 

/ 

2. 

 

WELL NO.: 	L..17-i)  

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

  

Tetra Tech NUS, Inc. 

  



TETRA TECH BORING LOG  

fi 

Drilling Area 
Background (ppm): 

( 1r- f -7 ,01 

• When rock coring, enter rock brokeness. 

- Include monitor reading in 6 foot intervals rct,  borehole. Increase reading frequency if elevated reponse read. 

Remarks: 	1 ft  Tel- 	ti 4  ' r  t-i-fA 	0- 8- 
CD/ 

f-)K A 1,--  (-0 r•-c__ 	 7,  (1 / —1,s- 5- 
'5-  rAri 105  A-- 1‘. --  9/L..-+ 	• Y Li 	7 , Y '' - - 1 Fr , r,  

Converted to Well: 	Yes 	 -/ No 	 Well I.D. #: 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

NSA Crane - SWMU 18 
112G01851  
Micah Group 

cmk 	 ;Petri,  to,  

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 
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Ben I3iirth / IN # 2359 WD 

Sampl 
e No. 
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or ROD 

Depth 
(Ft.) 
or 
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D 

Blows / 
6" or 
ROD 
(%) 

Sample 
Recovery 

/ 
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Length 

Lithology 
Change 

(Depth/Ft.) 
or 

Screened 
Interval 

1 
MATERIAL DESCRIPTION 

U 

S 

S 
C

R  emarks 

-1-  we. 

CryID Reading (ppm) 

Soil Density/ 
Consistency 

or 
Rock 

Hardness 

Color Material Classification 
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6CY.,  I/ 3.2_ ELEVATION/HEIGHT TOP OF RISER: 

1_1  

ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

Tetra Tech NUS, Inc. 

NSA Crane - SWMU  18 	LOCATION  Su (-7c, v-e-e- 
BORING 	18 	Ty.), 
DATE COMPLETED II- I 7-  

GROUND ELEVATION CAS: 6c( 	DATUM  NAVO f9Ej  

PROJECT 
PROJECT NO.  112G01851  

DATE BEGUN 	u— 
FIELD GEOLOGIST 	 Qe>,‘,-S  

ELEVATION/HEIGHT OF TOP OF SURFACE CASING:0;17A/  

TYPE OF SURFACE SEAL:  Co C vtie Pc-e°  
(tI/ XLi f yCo r°‘ 	a Cc,,!rt;id L.  

I.D. OF SURFACE CASING: 	Co 
u_ 
0 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE:  Sc 	 C 

TYPE OF BACKFILL: 	-  

0-7e / g,3 ELEVATION/DEPTH TOP OF SAND: 

,eu& 
OF SCREEN: 
SGT Lb 

TYPE OF SAND PACK: 

e. ) ) 

DIAMETER OF HOLE IN BEDROCK: 

CORE/REAM: 	(\-) \IC C27-rt. 	-7, 

0, ;AA 	 -1E-,  

ELEVATION/DEPTH TOP 
TYPE OF SCREEN: 	 
SLOT SIZE x LENGTH: 	 

I.D. SCREEN: a 11 

0,02.) f̀ 	-)‹ ( 0 

0) 

M
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W
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.d

wg
  

• 

1117., 

ELEVATION/DEPTH BOTTOM SCREEN: 

ELEVATION/DEPTH BOTTOM OF SAND: 

ELEVATION/DEPTH BOTTOM OF HOLE: 

—11 1 =I I 1=1 	. 	 

1=11 

=„f_l 1 
.111V-41 	

BACKFILL MATERIAL BELOW SAND: 	14  

DRILLER  Micah Group /  

DRILLING Ben Borth IN # 2359 WD i„ 
METHOD 	k  -SP IP ir (%>`-i" ( 7 
DEVELOPMENT . 
METH OD  Sur-/CI 

/  

64-61C/ 7, L/  

(37,17 ((6C 
6-3z 



ip st^ ;*, 

Sampl 
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and 
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or ROD 

Depth 
(Ft.) 
or 

Run 
No. 
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Blows / 
6" or 
ROD 
(%) 

Sample 
Recovery 

/ 
Sample 
Length 

Lithology 
Change 

(Depth/Ft.) 
or 

Screened 
Interval 

MATERIAL DESCRIPTION C:31/FID Reading  (ppm) 

Soil Density/ 
Consistency 

or 
Rock 

Hardness 

Color Material Classification 
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* When rock coring, enter rock brokeness. 

— Include monitor reading in 6 foot intervals CO borehole. Increase reading frequency if elevated reponse read. 
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Converted to Well: 	Yes 	 No 	 Well I.D. #: 
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Background (ppm): 
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PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

NSA Crane - SWMU 18 
112G01851 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

64--t"Lk., 1io r)t 
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Micah Group 
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Ben Borth / IN # 2359 WD 
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or ROD 
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(Ft.) 
or 
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* When rock coring, enter rock brokeness. 

— Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 
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I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

TYPE OF BACKFILL: 

PROJECT  NSA Crane - SWMU 18 	LOCATION  Sv c fr-e en  4- 
PROJECT NO.  112G01851 	BORING 	/ g-- 4 A., i4.(7--e) 0 Li  
DATE BEGUN  / 2.-// 3-- //( 	DATE COMPLETED  )2._-/-/  
FIELD GEOLOGIST 	7 d.:-.7v..., e..1  
GROUND ELEVATION  6s-‘1c, o'1 	DATUM  NI AV D 6 b'  

DRILLER  Micah Group /  

DRILLING Ben Borth IN # 2359 WD 

METHOD  H S A-/ A r "4_4 4-A KI  

DEVELOPMW 
METHOD 	514 9e/pu #44 p  

ELEVATION/HEIGHT OF TOP OF SURFACE CASING:6S7,  

ELEVATION/HEIGHT TOP OF RISER: 

TYPE OF SURFACE SEAL: 6•6‘ke re it" 	fe 
•_,./ 4/ lito,/(.../.5- 

ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 	6e4,1_-tei-,14,1<-- 

ELEVATION/DEPTH TOP OF SAND: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 	cc, Li V...) ?Li C 

SLOT SIZE x LENGTH: 	‘,0.?6,'"  
I.D. SCREEN: 

TYPE OF SAND PACK: Q- to 12,* / I 5- 
(VS- 

ft- 
DIAMETER OF HOLE IN BEDROCK: 57  

611, I/ ito  
64)-`1/ / L 

01. 1/ /5 al 

C37( /  

CORE/REAM:  /I) 	/" — 2g  
—57  "p /1.  — 20 , 0  /  

ELEVATION/DEPTH BOTTOM SCREEN: 	 617, I/ 77-) 
ELEVATION/DEPTH BOTTOM OF SAND: 	 C17. I/ z-z  
ELEVATION/DEPTH BOTTOM OF HOLE: 	 625, 6/ ?o.  
BACKFILL MATERIAL BELOW SAND: A,/,, --1-44,-A I 

RISER PIPE I.D.: 	  
TYPE OF RISER PIPE: 	A-I "VC 

   

WELL NO.:  I e4-iGt.„72.,...“--i 
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

Tetra Tech NUS, Inc. 
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* When rock coring, enter rock brokeness. 
** Include monitor reading in 6 foot intervals @ b9rehole. Increase reading frequency if elevated reponse read. 
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Converted to Well: 	Yes  	No  	Well I.D. #: 	) &,, '(A c^-)  The / 
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Background (ppm): 

BORING LOG  
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112G01851 
Micah Group 

CMS- S / 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

TETRA TECH 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 
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TETRA TECH BORING LOG  

Micah Group 

CM •-• 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

NSA Crane - SWMU 18 
112G01851 

(15 -I- r,--)1 0 
(I - -tz - (r  

Ben Borth / IN # 2359 WD 

Drilling Area 
Background (ppm): 

* When rock coring, enter rock brokeness. 

** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 

Yes No Converted to Well: Well I.D. #: 	t 	J,K.Aw--7-001  
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WELL NO.: ( iCIPA  VIT 001 

11N
BEDROCK 

MONITORING WELL SHEET 
WELL INSTALLED IN BEDROCK 

Tetra Tech NUS, Inc. 

PROJECT 	NSA Crane - SWMU 18 	LOCATION Cu tom.,,t. 
PROJECT NO.  112G01851 	BORING 	 fv,v) -To  

DATE BEGUN 	 - 1 	 DATE COMPLETED II— 7 2 - If 
FIELD GEOLOGIST 	11 	tfr 0 J 
GROUND ELEVATION  6c I Y. 6 3  DATUM  NAV 	F) 

DRILLER  Micah Group /  

DRILLING Ben Borth IN # 2359 WD , 
METHOD  KsA / 	c 0,,) 41,„/ 

DEVELOPMENT 
METHOD '514 lige/f 044  

ELEVATION/HEIGHT OF TOP OF SURFACE CASING:6W, 4t7  

ELEVATION/HEIGHT TOP OF RISER: 	 (79', X0c  

TYPE OF SURFACE SEAL:  On C 	Lc (qt ),Li) It 	) 

v)/  

I.D. OF SURFACE CASING: 
	(0 I  

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: cc LIL) P‘i 

TYPE OF BACKFILL:  C.e 	1.e.4„-1-1) v. A•f  

ELEVATION/DEPTH TOP OF SEAL: 
	 &76 6;77 1 -7.a  

ELEVATION/DEPTH TOP OF BEDROCK: 
	

65.11/ 2,°'\ 
TYPE OF SEAL: Tr., 

ELEVATION/DEPTH TOP OF SAND: 
	

4761  

ELEVATION/DEPTH TOP OF SCREEN: 	 67f; (o/ Ze.-  
TYPE OF SCREEN: 	S C 11) P" 
SLOT SIZE x LENGTH: 0 . 0 --44 	)c, 
I.D. SCREEN: 	 ,W s  

TYPE OF SAND PACK: 14  Z 

( Vc s 	 - 1 v) 

DIAMETER OF HOLE IN BEDROCK: 	5-.S n  

CORE/REAM:  OY Ce-rt /2 , et-  Z  - 9  
ge VI" 	17- -  

Chi Ma 

i 3LD  

ELEVATION/DEPTH BOTTOM SCREEN: 

ELEVATION/DEPTH BOTTOM OF SAND: 

ELEVATION/DEPTH BOTTOM OF HOLE: 
BACKFILL MATERIAL BELOW SAND: 	WA 



Drilling Area 
Background (ppm): 

* When rock coring, enter rock brokeness. 

- Include monitor reading in 6 fog intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 	1-1-C,4 	2 'tro 	-  
, 	11  0 /4 	Itr) fro 	 8  

✓ No Well I.D. #: Converted to Well: 	Yes 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

BORING No.: 
DATE: 
GEOLOGIST: 
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Drilling Area 
Background (ppm): 

• When rock coring, enter rock brokeness. 

** Include monitor reading in 6 foot intervals @ borehole. Increase reading frequency if elevated reponse read. 

Remarks: 

Well I.D. #: No Converted to Well: 	Yes 

PROJECT NAME: NSA Crane - SWMU 18 BORING No.: 
PROJECT NUMBER: 112G01851 DATE: !"- / f7 " 

DRILLING COMPANY: Micah Group GEOLOGIST: S 

DRILLING RIG: r DRILLER: Ben Borth / IN # 2359 WD 

Sampl 
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and 
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or ROD 

.., 
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(Ft.) 
or 

Run 
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11— 

Blows / 
6" or 
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/ 
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(Depth/Ft.) 
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Interval 

MATERIAL DESCRIPTION 
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PID/FID Reading (ppm) 

Soil Density/ 
Consistency 
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Rock 

Hardness 

Color Material Classification 
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ELEVATION/HEIGHT OF TOP OF SURFACE CASING:03A73.2. 

06 '' 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

633,7,  ELEVATION/DEPTH TOP OF SAND: 

631:77 kgs- ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 	cc -I,- L4 0  eV C-- 

DIAMETER OF HOLE IN BEDROCK: 

CORE/REAM: 	iv //4-- 

A
C

A
D

:  FO
R

M
 

5 

RISER PIPE I.D.: a" 

PROJECT 	NSA Crane - SWMU 18 	LOCATION  Sufic  
PROJECT NO.  112G01851 	BORING 	1R3 	Teo  
DATE BEGUN 	  DATE COMPLETED  j -z ?  
FIELD GEOLOGIST 	1‹ VAVIS  
GROUND ELEVATION  6S-01. 2P 	DATUM 	IV kip  

DRILLER  Micah Group /  

DRILLING Ben Borth IN # 2359 WD 

METHOD  i-k-SA / w p.afQ v  

DEVELOPMENT, 
METHOD  51-(14.1vpiim p  

ELEVATION/HEIGHT TOP OF RISER: 

TYPE OF SURFACE SEAL: NviC v--0"( 
(Li r \r ti l  Yie) WI L 	00 voPS 

6c3, /A..1  

TYPE OF RISER PIPE: 	Lio put 

TYPE OF BACKFILL:  ce ,A„e 	' ee vil-6;k 
G-s cov  
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ELEVATION/DEPTH TOP OF SEAL: 

ELEVATION/DEPTH TOP OF BEDROCK: 

TYPE OF SEAL:  2aA.a.N.-pi.-a -,  

636.17  f?  

611.fr  

SLOT SIZE x LENGTH:  o, p2,) 	to J 

I.D. SCREEN: 	 ea'  I'  

TYPE OF SAND PACK:  (7( 	'76  If  
S  

ELEVATION/DEPTH BOTTOM SCREEN: 	 62-10 7/ 'S-‘  
ELEVATION/DEPTH BOTTOM OF SAND: 
ELEVATION/DEPTH BOTTOM OF HOLE: 	/ 	6..14..).../a et, 0 
BACKFILL MATERIAL BELOW SAND: 41 I,4 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

WELL NO.:  I 	(,A 1 /4...) -1-1)01 

Tetra Tech NUS, Inc. 

 



Tetra Tech Page  /  of  /  BORING LOG  
PROJECT NAME: 	A/.54 	 ;  

PROJECT NUMBER: //a6o23e,  

DRILLING COMPANY:  4,),,,4-04e,ri,  
DRILLING RIG: 	Cent 

BORING No.: 
DATE: 
GEOLOGIST: 
DRILLER: 

dL Pa 1.1  7 	/ 
2e.) 

5.,  

sue/; .11 

Sample 
No. 
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Type 

or ROD 

Depth 
(Ft.) 
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Run 
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Blows / 
6" or 
ROD 
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Recovery 
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Length 

Lithology 
Change 

(Depth/Ft.) 
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Screened 
Interval 

MATERIAL DESCRIPTION 
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Remarks 

PID/FID Reading (ppm) 
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Soil Density/ 
Consistency 
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Hardness 

Color 
Rock  

Material Classification 
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PERMIT No: 

Tetra Tech, Inc. 	 WELL No.: 	 22-MWTO1 

MONITORING WELL SHEET 

I.D. of Riser: 

Type of Riser: 

Borehole Diameter: 

Schedule 40 PVC 

8.25 inch 

2" ID, flush joint 

PROJECT: NSA Crane SWMU 22 	DRILLING Co.: 	Micah Group / R. Simmons 	BORING No.: 

PROJECT No.: 	112G02362 	DRILLER: 	J. 	Russel 	 DATE COMPLETED: 

DRILLING METHOD: 	H.S.A. / Air Rotary 	NORTHING: 

DEV. METHOD: Surge / Submersible pump 	EASTING: 

Elevation / Depth of Top of Riser: 	 768.94 V 2.77 

Elevation / Height of Top of 

Surface Casing: 	 768.74 V 2.47 

I.D. of Surface Casing: 	6 - inch 

Type of Surface Casing: 	Schedule 40 Steel 

Type of Surface Seal: 	Concrete 

Type of Backfill: 	 Bentonite -cement 

mixture 

Elevation / Depth of Seal: 756.47 7  10.0 

Type of Seal: 	 Bentonite Pellet 

Elevation / Depth of Top of Filter Pack: 753.47 / 13.0 

Elevation / Depth of Top of Screen: 751.47 15.0 

6" ID Air Rotary Borehole 

Type of Screen: 	 Schedule 40 PVC 

0.010 Slot - 10' 

2" inside daimeter PVC 

DSI GP#2 Silica Sand 

Elevation / Depth of Bottom of Screen: 741.47 V 25.0 

Elevation / Depth of Bottom of filter pack: 

741.47 7  25.0 

Type of Backfill Below Well: 

DSI GP#2 Silica Sand 

Elevation / Total Depth of Borehole: 741.47 / 25.0 

Slot size/ screen length: 

I.D. of Screen: 

Type of Filter Pack: 

SITE: 	Lead Azide Pond 

GEOLOGIST: 	J. Ferguson 

22-MWTO1 

05/11/12 

1315811.32 

3027409.14 

Not to Scale 

Vertical Datum NAVD 88 

Horizontal Datum: NAD 83 

Ground Elevation: 766.47 
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CORRELATION PLOTS OF
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APPENDIX D

GROUNDWATER

POTENTIOMETRIC SURFACE MAPS
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STATISTICAL EVALUATION 

Total inorganics data from upgradient monitoring wells in the Pennsylvanian bedrock at NSA Crane were 

evaluated to determine background concentrations.  This section presents the data analysis and results 

of the statistical evaluations performed to establish the background data set for groundwater in the 

Pennsylvanian bedrock at NSA Crane.  The statistical software package R version 2.15.0 and ProUCL 

version 4.1.1 were used for the statistical evaluations presented in this section. 

The first step in determining the background data set is to evaluate the data for potential outliers.  

Potential outliers are measurements that are extremely large or small relative to the rest of the data and 

therefore are suspected of misrepresenting the population from which they were collected.  Potential 

outliers may be a result of transcription errors, data-coding errors, or measurement system problems.  

However, outliers may represent true extreme values of a distribution and indicate more variability in the 

population than was expected.   

Potential outliers were identified using boxplots (see Figures 1 through 22).  Boxplots show the central 

tendency, degree of symmetry, range of variation, and potential outliers of a data set.  The data set is 

shown as a rectangular box that represents the middle 50 percent of the data.  The upper value of the 

box represents the 75
th
 percentile and the lower value of the box represents the 25

th
 percentile.  The 

median is represented by the middle line in the box.  Outliers on the box and whisker plots were plotted 

as circles. 

Potential outliers were investigated using a formal outlier test (Rosner’s Test, or Nonparametric Test).  

The following rationale was used to determine which if any outlier hypothesis tests to use to investigate 

the points identified on the boxplots: 

 If the data were more than 90% non-detect no evaluation and the data point was retained in the 

data set. 

 If the data were lognormal or normal, there were less than 15 % non-detects, and more than 25 

samples Rosner’s Test was computed. 

 If the data were not normal or lognormal and all detected the non-parametric outlier test was 

computed. 

 If the data were lognormal or normal and there were between 15 and 90 percent the 

nonparametric outlier test. 

Details of Rosner’s Test can be found in EPA’s Data Quality Assessment: Statistical Methods for 

Practitioners and details of the nonparametric outlier test can be found in Handbook of Parametric and 

Nonparametric Statistical Procedures.  Both hypothesis tests test the Null Hypothesis that there are 

outliers present versus the alternative hypothesis that outliers are not present.  For the parametric tests a 

five percent significance level was used.  For the non-parametric test outliers were considered statistically 

significant when the test statistic,
|         |

                          
, was greater than 5.   

The data distribution was determined using the following rationale: 

 If the data were more than 50 percent non-detect assume nonparametric. 

 If the Shapiro Wilk test on raw data concludes normal, data are normally distributed. 

 If the Shapiro Wilk Test on natural log of data concludes lognormal, data are lognormally 

distributed. 

 If the Shapiro Wilk test on raw and natural log data determined that the data are not normal or 

lognormally distributed then the data are nonparametric. 
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As noted in USEPA’s Data Quality Assessment: Statistical Methods for Practitioners, “Statistical outlier 

test give the analyst probabilistic evidence that an extreme value does not “fit” with the distribution of the 

remainder of the data and is therefore a statistical outlier.  These tests should only be used to identify 

data points that require further investigation.  The tests alone cannot determine whether a statistical 

outlier should be discarded or corrected within a data set.  This decision should be based on judgmental 

or scientific grounds.” 

Table 1 presents the frequency of detection (FOD), percent detected, number of outliers evaluated, the 

data distribution of the data without the suspected outlier, the outlier test computed, and the conclusion of 

the outlier test.  Tables 2 and 3 present the results of Rosner’s Test and the nonparametric test 

respectively.   

After the statistically significant outliers were identified the wells with identified were investigated to see if 

there was a scientific reason (i.e., well location, turbidity) that identified outliers should not be included in 

the background dataset.  Statistically significant outliers were identified in 7 samples (12GWT2501, 

13GWT0301, 13GWT2801, 16GWT1701, 18IGWT001, 18AGWT001, 18GGWT004, and 22GWTW001).   

 Data from sample 22GWTW001 was retained in the background dataset.  The identified outlier 

was for lead, the majority of the data for lead are non-detect with low detections.  However, there 

is no information that indicates that the outlier is not representative of actual background 

conditions.   

 

 Data from sample 12GWT2501 was retained in the background dataset.  The identified outlier 

was for selenium; the majority of the data for selenium are non-detect with low detections.  

However there is no information that indicates that the outlier is not representative of actual 

background conditions.   

 

 Data from samples 13GWT0301 and 13GWT2801 were retained in the background dataset.  

There is no information that indicates that the outlier is not representative of actual background 

conditions.   

 

 Data from sample 16GWT1701 were retained in the background dataset.  There is no information 

that indicates that the outlier is not representative of actual background conditions.   

 

 Data from samples18IGWT001, 18AGWT001, and 18GGWT004 were retained in the background 

dataset.  There is no information that indicates that the outliers are not representative of actual 

background conditions. 

After the data sets were evaluated for any potential outliers, basic summary statistics [FOD, range of non-

detects, minimum detected concentration, maximum detected concentration, and 95% upper tolerance 

limit with 95 percent coverage(UTL)] were computed and are presented in Table 4.  The 95% UTL is the 

upper value of the limit that covers 95 percent of the population with a 95%confidence.  ProUCL version 

4.1.1 was used to calculate the 95% UTLs.  The following rationale was used to determine which UTL to 

use from the ProUCL output.  

 If all data detected and data distribution is Normal 95% UTL with 95% coverage from normal 
statistics output is used. 

 If all data are detected and data distribution is not Normal 95% UTL with 95% coverage from 
nonparametric output is used. 
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 If any data are non-detected 95% Kaplan Meier UTL with 95% coverage from nonparametric 

output is used.  
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TABLE 1

OUTLIER TESTS AND CONCLUSIONS

PENNSYLVANIAN WELL BACKGROUND GROUNDWATER EVALUATION

PARAMETER FOD

NUMBER OF 

POTENTIAL 

OUTLIERS

NORMAL 

P-VALUE

LOGNORMAL P-

VALUE
DATA DISTRIBUTION OUTLIER TEST(1) CONCLUSION

TOTAL METALS

TOTAL ALUMINUM 19/28 5 0.004944 0.02689 Nonparametric Nonparametric Test 18IGWT001, 13GWT2801, 18GGWT004, 13GWT0301, and 18AGWT001 are statistically signficant outliers.

TOTAL ANTIMONY 1/28 3 NA NA Assumed Nonparametric No Evaluation NA

TOTAL ARSENIC 12/29 4 NA NA Assumed Nonparametric Nonparametric Test 13GWT2801, 18GGWT004, and 18IGWT001 are statistically significant outliers.

TOTAL BARIUM 27/29 0 0.005937 0.05668 Log-Normal Parametric Test No Outliers

TOTAL BERYLLIUM 6/28 1 NA NA Assumed Nonparametric Nonparametric Test No Statistically Significant Outliers

TOTAL CADMIUM 3/29 0 NA NA Assumed Nonparametric Nonparametric Test No Outliers

TOTAL CALCIUM 28/28 2 0.002309 0.6476 Log-Normal Parametric Test No Statistically Significant Outliers

TOTAL CHROMIUM 9/29 2 NA NA Assumed Nonparametric Nonparametric Test 18IGWT001 and 13GWT2801 are a Statistically Signifcant Outliers

TOTAL COBALT 21/28 0 0.005057 0.03454 Nonparametric Nonparametric Test No Outliers

TOTAL COPPER 17/28 3 0.1408 0.008892 Normal Nonparametric Test 18GGWT004, 18IGWT001 and 18AGWT001 are statistically signifcant outliers

TOTAL IRON 25/28 5 2.12E-07 0.7755 Log-Normal Parametric Test No Statistically Significant Outliers

TOTAL LEAD 4/29 4 NA NA Assumed Nonparametric Nonparametric Test 18IGWT001, 18GGWT004, 22GWT001, and 13GWT2801 are Statistically Signficant Outliers.

TOTAL MAGNESIUM 28/28 3 0.001005 0.8603 Log-Normal Parametric Test No Statistically Significant Outliers

TOTAL MANGANESE 27/28 2 0.00287 0.03736 Nonparametric Nonparametric Test 16GWT1701 and 12GWT2501 are Statistically Signficant Outliers.

TOTAL MERCURY 2/29 0 NA NA Assumed Nonparametric No Evaluation No Outliers

TOTAL NICKEL 24/28 0 0.002705 0.1035 Log-Normal Parametric Test No Outliers

TOTAL POTASSIUM 22/28 0 0.005042 0.0002762 Nonparametric Nonparametric Test No Outliers

TOTAL SELENIUM 7/29 4 NA NA Assumed Nonparametric Nonparametric Test 13TWT2801, 12GWT2501, 18IGWT001, and 18GGWT004 are Statistically Significant Outliers

TOTAL SILVER 0/29 6 NA NA Assumed Nonparametric No Evaluation NA

TOTAL SODIUM 28/28 0 0.0007477 0.3086 Log-Normal Parametric Test No Outliers

TOTAL THALLIUM 1/28 1 NA NA Assumed Nonparametric No Evaluation NA

TOTAL TIN 0/24 1 NA NA Assumed Nonparametric No Evaluation NA

TOTAL VANADIUM 5/28 4 NA NA Assumed Nonparametric Nonparametric Test 18IGWT001, 18GGWT004,13GW2801, and 13GWT0301 are Statistically Signficant Outliers.

TOTAL ZINC 23/28 0 0.0001904 0.3981 Log-Normal Nonparametric Test No Outliers

Footnotes:

(1) If the data were lognormal or normal and there were less than 15% non-detects and the sample size was 25 Extreme Value Test was computed.

     If the data were not lognormal or normal or if 10 to 50 percent of the data was detected the nonparametric outlier test was computed.

(2) When at least 90 percent of the data is non-detect formal hypothesis tests are not appropriate.

(3) There are additional uncertainties associated with hypothesis tests when between 50 and 90 percent of the data is non-detect.

Acronyms:

FOD = Frequency of Detection

NA = Not Applicable



TABLE 2

ROSNER'S OUTLIER TEST

PENNSYLVANIAN WELL BACKGROUND GROUNDWATER EVALUATION

PARAMETER

Outlier Sample

ID

Outlier

result

Test

Statistic Critical Value Conclusion

12GWT2501 216000 1.76 2.88 No Outliers

16GW0203 212000 1.89 2.86 No Outliers

12GWT3301 41800 1.66 2.88 No Outliers

12GWT3302 41700 1.79 2.86 No Outliers

16GWT1701 27000 1.73 2.84 No Outliers

18IGWT001 22500 1.79 2.82 No Outliers

10GWC5201 2220 1.96 2.8 No Outliers

12GWT2501 229000 2.3 2.89 No Outliers

01GW0601 156000 2.23 2.88 No Outliers

12GWT2502 153000 2.52 2.86 No Outliers

A five percent signifcance level was used.

TOTAL CALCIUM

TOTAL IRON

TOTAL MAGNESIUM



TABLE 3

NONPARAMETRIC OUTLIER TEST

PENNSYLVANIAN WELL BACKGROUND GROUNDWATER EVALUATION

PARAMETER Outlier Sample ID

Outlier 

result Test Statistic Critical Value Conclusion

18IGWT001 8500 51.4 5 Outlier

13GWT2801 6270 38 5 Outlier

18GGWT004 6210 40.2 5 Outlier

13GWT0301 3990 27.2 5 Outlier

18AGWT001 3110 22.2 5 Outlier

13GWT2801 15.2 25.8 5 Outlier

18GGWT004 8.61 14.5 5 Outlier

18IGWT001 8.28 14.6 5 Outlier

01GW0601 3.2 4.4 5 Not Outlier

TOTAL BERYLLIUM 18AGWT001 3.01 4.3 5 Not Outlier

 18IGWT001 26.2 41.3 5 Outlier

13GWT2801 11.7 21.4 5 Outlier

18GGWT004 21.6 17.1 5 Outlier

18IGWT001 16.6 12.9 5 Outlier

18AGWT001 12.3 9.2 5 Outlier

18IGWT001 15.5 38.8 5 Outlier

18GGWT004 11.7 30.8 5 Outlier

22GWT001 3.2 7.4 5 Outlier

13GWT2801 2.5 6.1 5 Outlier

16GWT1701 5940 7.9 5 Outlier

12GWT2501 4910 7.4 5 Outlier

13GWT2801 4.1 7.1 5 Outlier

12GWT2501 3.4 6.1 5 Outlier

18IGWT001 2.5 5.1 5 Outlier

18GGWT004 2.5 5.7 5 Outlier

18IGWT001 17.9 19.5 5 Outlier

13GWT2801 12.5 13.2 5 Outlier

18GGWT004 7.47 7.4 5 Outlier

13GWT0301 5.8 5.4 5 Outlier

TOTAL VANADIUM

TOTAL MANGANESE

TOTAL ALUMINUM

TOTAL CHROMIUM

TOTAL COPPER

TOTAL SELENIUM

TOTAL ARSENIC

TOTAL LEAD
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TABLE 4

SUMMARY STATISTICS

PENNSYLVANIAN WELL BACKGROUND GROUNDWATER EVALUATION

PARAMETER FOD
RANGE OF DETECTION

LIMITS

MINIMUM

DETECTED

CONCENTRATION

MAXIMUM

DETECTED

CONCENTRATION

LOCATION OF MAXIMUM

DETECTED CONCENTRATION
DATA DISTRIBUTION(1)

TOTAL ALUMINUM 19/28 8.3 - 200 28.5 8500 18IGWT001 Log-Normal 6183

TOTAL ANTIMONY 1/28 0.02 - 4 2.9 2.9 13GWT2801 Assumed Nonparametric NA

TOTAL ARSENIC 12/29 0.16 - 3.2 0.66 15.2 13GWT2801 Assumed Nonparametric 9.1

TOTAL BARIUM 27/29 12.8 - 15.6 13.2 97.5 18IGWT001 Log-Normal 96.9

TOTAL BERYLLIUM 6/28 0.02 - 1.8 0.1 3.01 18AGWT001 Assumed Nonparametric 2
(4)

TOTAL CADMIUM 3/29 0.039 - 1 0.08 0.9 22GWT001 Assumed Nonparametric 0.55
(4)

TOTAL CALCIUM 28/28 NA 7190 216000 12GWT2501 Log-Normal 216000

TOTAL CHROMIUM 9/29 0.17 - 5 0.58 26.2 18IGWT001 Assumed Nonparametric 14.6
(4)

TOTAL COBALT 21/28 1 - 3 2 64.4 16GWT1701 Nonparametric 65.5

TOTAL COPPER 17/28 0.12 - 2.1 0.67 21.6 18GGWT004 Log-Normal 14.6

TOTAL IRON 25/28 61.7 - 344 12.7 41800 12GWT3301 Log-Normal 34500

TOTAL LEAD 4/29 0.157 - 2.5 0.54 15.5 18IGWT001 Assumed Nonparametric 9
(4)

TOTAL MAGNESIUM 28/28 NA 2950 229000 12GWT2501 Log-Normal 229000

TOTAL MANGANESE 27/28 566 - 566 6.89 5940 16GWT1701 Log-Normal 4470

TOTAL MERCURY 2/29 0.007 - 0.2 0.16 0.39 13GWT0102 Assumed Nonparametric NA

TOTAL NICKEL 24/28 10 - 10 1.56 131 12GWT3301 Log-Normal 135

TOTAL POTASSIUM 22/28 3390 - 5000 403 5380 16GWT1701 Nonparametric 6450

TOTAL SELENIUM 7/29 0.04 - 2.5 0.33 4.1 13GWT2801 Assumed Nonparametric 2.7
(4)

TOTAL SILVER 0/29 0.028 - 3 All Non-Detect Assumed Nonparametric NA

TOTAL SODIUM 28/28 NA 10100 165000 12GWT2601 Log-Normal 165000

TOTAL THALLIUM 1/28 0.04 - 5 0.08 0.08 12GWT2501 Assumed Nonparametric NA

TOTAL TIN 0/24 0.048 - 190 All Non-Detect Assumed Nonparametric NA

TOTAL VANADIUM 5/28 0.06 - 3 2.1 17.9 18IGWT001 Assumed Nonparametric 11.4
(4)

TOTAL ZINC 23/28 1.1 - 10 2.16 161 13GWT0301 Log-Normal 140

(1) Data distribution deteremined using Shaprio Wilk Test with a five percent significance level. UTL = Upper Tolerance Limit
(2) UTLS are presented using three significant figures if the value is greater than 10 otherwise 2 significant figures were presented. NA = Not Applicable
(3) UTLS were calculated using ProUCL version 4.1.1. For Assumed nonparametric the 95% KM UTL is presented.
(4) ProUCL warns that there may not be enough detected concentrations for the calculations to be reliable enough to draw conclusions.
(5) There is only one detected concentration. Computing sumary statistics is not approporiate.

Rationale for UTL Selected from ProUCL Output
If all data detected and data distribution is not Normal use Nonparamtric 95% UTL with 95% Coverage.
If any data are non-detect 95% Kaplain Meier UTL with 95% Coverage.

UTL(2,3)
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ProUCL INPUT

Samples SACODE ALUMINUM d_ALUMINUM ANTIMONY d_ANTIMONY ARSENIC d_ARSENIC BARIUM d_BARIUM

01GW0601 NORMAL 40.2 0 1.6 0 3.2 0 21.3 1

08GWT00701 NORMAL 463 1 0.2 0 0.45 0 19.5 1

09GW1001 NORMAL 200 0 1 0 0.75 1 68.4 1

09GWT0101 NORMAL 200 0 1 0 2.9 1 52.6 1

09GWT0501 NORMAL 200 0 1 0 1.5 1 90.7 1

09GWTP0601 NORMAL 200 0 1 0 1 0 19.3 1

10GWC5201 NORMAL 200 0 1 0 1 0 17.9 1

12GWT2501 NORMAL 479 1 0.085 0 1.1 1 26.2 1

12GWT2502 NORMAL 192 1 0.085 0 0.27 0 21.8 1

12GWT2601 NORMAL 565 1 0.24 0 2.3 1 38.4 1

12GWT2602 NORMAL 126 1 0.54 0 0.67 0 12.8 0

12GWT2701 NORMAL 323 1 0.22 0 0.58 0 39.1 1

12GWT2702 NORMAL 205 1 0.1 0 0.22 0 20.6 1

12GWT3301 NORMAL 37.1 0 0.52 0 2.7 1 13.2 1

12GWT3302 NORMAL 200 1 0.085 0 1.2 0 15.6 0

13GWT0101 NORMAL 598 1 0.24 0 0.23 0 55.4 1

13GWT0102 NORMAL 699 1 0.02 0 0.17 0 46.8 1

13GWT0301 NORMAL 3990 1 0.13 0 1 1 74.5 1

13GWT0302 NORMAL 627 1 0.02 0 0.31 0 62.1 1

13GWT2801 NORMAL 6270 1 2.9 1 15.2 1 65.3 1

16GW0201 NORMAL 85.6 1 0.1 0 0.16 0 21.6 1

16GW0202 NORMAL 60.6 0 0.03 0 0.33 0 18 1

16GW0203 NORMAL 8.3 0 0.02 0 0.66 1 17.8 1

16GWT1701 NORMAL 187 1 0.05 0 1.3 0 42.7 1

18AGWT001 NORMAL 3110 1 2 0 1.5 0 35.6 1

18DGWT001 NORMAL 28.5 1 2 0 1.5 0 75.6 1

18GGWT004 NORMAL 6210 1 4 0 8.61 1 74.6 1

18IGWT001 NORMAL 8500 1 4 0 8.28 1 97.5 1

22GWT001 NORMAL 1.4 1 34.2 1

Page 1 of 7



ProUCL INPUT

Samples

01GW0601

08GWT00701

09GW1001

09GWT0101

09GWT0501

09GWTP0601

10GWC5201

12GWT2501

12GWT2502

12GWT2601

12GWT2602

12GWT2701

12GWT2702

12GWT3301

12GWT3302

13GWT0101

13GWT0102

13GWT0301

13GWT0302

13GWT2801

16GW0201

16GW0202

16GW0203

16GWT1701

18AGWT001

18DGWT001

18GGWT004

18IGWT001

22GWT001

BERYLLIUM d_BERYLLIUM CADMIUM d_CADMIUM CALCIUM d_CALCIUM CHROMIUM d_CHROMIUM

0.4 0 0.3 0 170000 1 0.6 0

0.05 0 0.08 1 9640 1 0.58 1

1 0 1 0 25800 1 5 0

1 0 1 0 39400 1 5 0

1 0 1 0 24000 1 5 0

1 0 1 0 59300 1 5 0

1 0 1 0 17000 1 5 0

0.1 1 0.14 0 216000 1 1.4 0

0.04 0 0.04 0 125000 1 0.74 0

0.07 0 0.11 0 92600 1 1.7 1

0.03 0 0.13 0 77900 1 0.72 0

0.03 0 0.05 0 21200 1 1.2 1

0.02 0 0.04 0 16300 1 0.62 0

1.3 1 0.039 0 61100 1 0.52 0

2.2 1 0.18 0 56400 1 0.76 0

1.2 0 0.18 0 9720 1 0.2 0

1.2 0 0.06 0 7190 1 0.73 0

1.2 0 0.82 0 34800 1 7.1 1

1.8 0 0.37 0 26100 1 1.4 0

0.27 0 0.04 0 10600 1 11.7 1

0.42 0 0.31 0 99400 1 0.43 0

0.34 0 0.22 0 97300 1 0.29 0

0.06 0 0.04 0 212000 1 0.17 0

0.69 0 0.53 0 42200 1 0.39 0

3.01 1 0.462 1 12300 1 0.816 1

0.5 0 0.5 0 43900 1 1 0

1.16 1 1 0 24200 1 11.4 1

0.591 1 1 0 61000 1 26.2 1

0.9 1 4 1

Page 2 of 7



ProUCL INPUT

Samples

01GW0601

08GWT00701

09GW1001

09GWT0101

09GWT0501

09GWTP0601

10GWC5201

12GWT2501

12GWT2502

12GWT2601

12GWT2602

12GWT2701

12GWT2702

12GWT3301

12GWT3302

13GWT0101

13GWT0102

13GWT0301

13GWT0302

13GWT2801

16GW0201

16GW0202

16GW0203

16GWT1701

18AGWT001

18DGWT001

18GGWT004

18IGWT001

22GWT001

COBALT d_COBALT COPPER d_COPPER IRON d_IRON LEAD d_LEAD

1 0 0.9 0 398 1 1.6 0

5.3 1 2.1 0 681 1 0.54 1

3 0 2 0 136 1 1 0

3 0 4.4 1 144 1 1 0

18.2 1 2 1 100 0 1 0

3 0 2 0 149 1 1 0

3 0 2 0 22200 1 1 0

53.2 1 3 1 1920 1 0.66 0

12.9 1 3.4 1 1110 1 0.425 0

31.3 1 0.84 1 2990 1 0.53 0

5.6 1 3.5 1 2010 1 0.157 0

11.2 1 0.67 1 482 1 0.37 0

1.2 0 2 1 396 1 0.42 0

44.4 1 0.7 1 41800 1 0.34 0

40 1 2.5 1 41700 1 1 0

36 1 2.9 1 135 1 1.4 0

29.9 1 1.4 0 61.7 0 1.2 0

48.8 1 5.6 1 1910 1 2 0

25 1 3.2 1 344 0 0.67 0

2 1 1.4 0 2460 1 2.5 0

12.9 1 0.87 1 287 1 0.21 0

9.2 1 0.15 0 415 1 0.28 0

18.7 1 0.12 0 13700 1 0.18 0

64.4 1 0.56 0 27000 1 0.24 0

62 1 12.3 1 1970 1 0.75 0

2.5 0 2 0 12.7 1 0.75 0

34 1 21.6 1 11300 1 11.7 1

27.2 1 16.6 1 22500 1 15.5 1

3.2 1
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Samples

01GW0601

08GWT00701

09GW1001

09GWT0101

09GWT0501

09GWTP0601

10GWC5201

12GWT2501

12GWT2502

12GWT2601

12GWT2602

12GWT2701

12GWT2702

12GWT3301

12GWT3302

13GWT0101

13GWT0102

13GWT0301

13GWT0302

13GWT2801

16GW0201

16GW0202

16GW0203

16GWT1701

18AGWT001

18DGWT001

18GGWT004

18IGWT001

22GWT001

LITHIUM d_LITHIUM MAGNESIUM d_MAGNESIUM MANGANESE d_MANGANESE MERCURY d_MERCURY

156000 1 37.9 1 0.1 0

6750 1 93.9 1 0.03 0

10600 1 164 1 0.2 0

26500 1 34.8 1 0.2 0

21900 1 178 1 0.2 0

19800 1 15 1 0.2 0

11800 1 897 1 0.2 0

229000 1 4910 1 0.042 0

153000 1 2200 1 0.03 0

70000 1 2520 1 0.14 0

50000 1 1020 1 0.051 0

16400 1 701 1 0.03 0

16500 1 160 1 0.03 0

33500 1 3010 1 0.043 0

27200 1 1680 1 0.05 0

21.1 1 6790 1 689 1 0.16 1

5850 1 566 0 0.39 1

74 1 17000 1 302 1 0.02 0

15800 1 211 1 0.02 0

2950 1 66.7 1 0.007 0

32.7 1 6240 1 916 1 0.02 0

33.6 1 6480 1 864 1 0.2 0

35200 1 2440 1 0.02 0

16700 1 5940 1 0.007 0

5510 1 1270 1 0.2 0

15100 1 6.89 1 0.2 0

10800 1 1180 1 0.2 0

37100 1 1890 1 0.2 0

0.18 0
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Samples

01GW0601

08GWT00701

09GW1001

09GWT0101

09GWT0501

09GWTP0601

10GWC5201

12GWT2501

12GWT2502

12GWT2601

12GWT2602

12GWT2701

12GWT2702

12GWT3301

12GWT3302

13GWT0101

13GWT0102

13GWT0301

13GWT0302

13GWT2801

16GW0201

16GW0202

16GW0203

16GWT1701

18AGWT001

18DGWT001

18GGWT004

18IGWT001

22GWT001

NICKEL d_NICKEL POTASSIUM d_POTASSIUM SELENIUM d_SELENIUM SODIUM d_SODIUM

2.6 1 2790 1 0.8 0 17200 1

7.8 1 518 1 0.33 1 36500 1

10 0 5000 0 1 0 57600 1

10 0 5000 0 1 0 134000 1

51.2 1 5000 0 1 0 102000 1

10 0 5000 0 1.1 1 48900 1

10 0 5000 0 1 0 15700 1

103 1 5320 1 3.4 1 152000 1

32 1 3320 1 1.9 1 116000 1

60.1 1 3740 1 0.28 0 165000 1

12.8 1 1630 1 0.99 1 143000 1

30.7 1 3710 1 0.61 0 53600 1

7.3 1 1080 1 0.37 0 39200 1

131 1 4520 1 0.094 0 40300 1

110 1 4770 1 0.31 0 32200 1

26.6 1 494 1 0.17 0 24300 1

21.1 1 403 1 0.05 0 26100 1

99.7 1 2860 1 0.32 0 37400 1

76.3 1 1040 1 0.04 0 40700 1

7.1 1 3670 1 4.1 1 124000 1

34.2 1 738 1 0.05 0 18000 1

27 1 3390 0 0.06 0 17900 1

36.7 1 2640 1 0.04 0 20200 1

125 1 5380 1 0.07 0 61300 1

76.1 1 2230 1 1.25 0 10100 1

1.56 1 1170 1 1.25 0 34300 1

88.1 1 5000 1 2.5 0 89300 1

55.8 1 5370 1 2.5 0 50300 1

0.45 1
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ProUCL INPUT

Samples

01GW0601

08GWT00701

09GW1001

09GWT0101

09GWT0501

09GWTP0601

10GWC5201

12GWT2501

12GWT2502

12GWT2601

12GWT2602

12GWT2701

12GWT2702

12GWT3301

12GWT3302

13GWT0101

13GWT0102

13GWT0301

13GWT0302

13GWT2801

16GW0201

16GW0202

16GW0203

16GWT1701

18AGWT001

18DGWT001

18GGWT004

18IGWT001

22GWT001

STRONTIUM d_STRONTIUM THALLIUM d_THALLIUM THORIUM-CALCd_THORIUM-CALC TITANIUM d_TITANIUM

958 1 5 0 0.328864 1

0.26 0

1 0

1 0

1 0

1 0

1 0

0.08 1

0.08 0

0.043 0

0.06 0

0.043 0

0.043 0

0.043 0

0.043 0

53.3 1 0.11 0 4 1

0.08 0 0.21 0

97.8 1 0.23 0 32 1

0.04 0 8.5 1

0.06 0 99 1

88.4 1 0.1 0 3.8 1

98.4 1 0.11 0 3 1

0.08 0 0.17 0

0.12 0 0.74 0

1 0

1 0

2 0

2 0
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Samples

01GW0601

08GWT00701

09GW1001

09GWT0101

09GWT0501

09GWTP0601

10GWC5201

12GWT2501

12GWT2502

12GWT2601

12GWT2602

12GWT2701

12GWT2702

12GWT3301

12GWT3302

13GWT0101

13GWT0102

13GWT0301

13GWT0302

13GWT2801

16GW0201

16GW0202

16GW0203

16GWT1701

18AGWT001

18DGWT001

18GGWT004

18IGWT001

22GWT001

VANADIUM d_VANADIUM ZINC d_ZINC

3 0 1.1 0

1.14 0 12.4 1

2 0 10 0

2.1 1 10 0

2 0 25.4 1

2 0 13.2 1

2 0 10 0

1.14 0 20.8 1

1.14 0 26.1 1

1.14 0 12.1 1

1.14 0 8 1

1.14 0 11.3 1

1.14 0 3.3 0

1.14 0 96 1

1.14 0 128 1

0.08 0 29.7 1

0.06 0 29.9 1

5.8 1 161 1

0.76 0 97.7 1

12.5 1 6.7 1

0.3 0 50 1

0.35 0 42.9 1

0.09 0 15.8 1

0.17 0 122 1

2.5 0 63.1 1

2.5 0 2.16 1

7.47 1 78.2 1

17.9 1 85 1
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General Background Statistics for Data Sets with Non-Detects

User Selected Options

From File   Converted_Data.wst

Full Precision   OFF

Confidence Coefficient   95%

Coverage   95%

Different or Future K Values   1

Number of Bootstrap Operations   2000

ALUMINUM

General Statistics

Number of Valid Data 28 Number of Detected Data 19

Number of Distinct Detected Data 19 Number of Non-Detect Data 9

Tolerance Factor 2.246 Percent Non-Detects 32.14%

Raw Statistics Log-transformed Statistics

Minimum Detected 28.5 Minimum Detected 3.35

Maximum Detected 8500 Maximum Detected 9.048

Mean of Detected 1729 Mean of Detected 6.338

SD of Detected 2595 SD of Detected 1.586

Minimum Non-Detect 8.3 Minimum Non-Detect 2.116

Maximum Non-Detect 200 Maximum Non-Detect 5.298

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 14

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 14

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 50.00%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.671 Shapiro Wilk Test Statistic 0.939

5% Shapiro Wilk Critical Value 0.901 5% Shapiro Wilk Critical Value 0.901

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 1194 Mean (Log Scale) 5.507

SD 2262 SD (Log Scale) 1.891

   95% UTL   95% Coverage 6274    95% UTL   95% Coverage 17207

   95% UPL (t) 5115    95% UPL (t) 6529

90% Percentile (z) 4093 90% Percentile (z) 2779

95% Percentile (z) 4914 95% Percentile (z) 5522

99% Percentile (z) 6456 99% Percentile (z) 20029
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Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean -263.6 Mean in Original Scale 1186

SD 3578 SD in Original Scale 2266

   95% UTL with   95% Coverage 7772    95% UTL with   95% Coverage 19652

   95% BCA UTL with   95% Coverage 8500

   95% Bootstrap (%) UTL with   95% Coverage 8500

   95% UPL (t) 5939    95% UPL (t) 6974

90% Percentile (z) 4322 90% Percentile (z) 2798

95% Percentile (z) 5622 95% Percentile (z) 5830

99% Percentile (z) 8060 99% Percentile (z) 23118

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.505 Data appear Lognormal at 5% Significance Level

Theta Star 3421

nu star 19.21

A-D Test Statistic 1.228 Nonparametric Statistics

5% A-D Critical Value 0.797 Kaplan-Meier (KM) Method

K-S Test Statistic 0.284 Mean 1192

5% K-S Critical Value 0.209 SD 2222

Data not Gamma Distributed at 5% Significance Level SE of Mean 431.5

   95% KM UTL with    95% Coverage 6183

Assuming Gamma Distribution    95% KM Chebyshev UPL 11050

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 5044

Mean 1174 90% Percentile (z) 4040

Median 196 95% Percentile (z) 4847

SD 2273 99% Percentile (z) 6362

k star 0.123

Theta star 9537 Gamma ROS Limits with Extrapolated Data

Nu star 6.891    95% Wilson Hilferty (WH) Approx. Gamma UPL 5123

   95% Percentile of Chisquare (2k) 1.4    95% Hawkins Wixley (HW) Approx. Gamma UPL 6237

   95% WH Approx. Gamma UTL with    95% Coverage 8533

90% Percentile 3347    95% HW Approx. Gamma UTL with   95% Coverage 11951

95% Percentile 6674

99% Percentile 16767

Note: DL/2 is not a recommended method.

ANTIMONY

General Statistics

Number of Valid Data 28 Number of Detected Data 1

Number of Distinct Detected Data 1 Number of Non-Detect Data 27

Warning: Only one distinct data value was detected! ProUCL (or any other software) should not be used on such a data set!
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It is suggested to use alternative site specific values determined by the Project Team to estimate environmental parameters (e.g., EPC, BTV).

The data set for variable ANTIMONY was not processed!

ARSENIC

General Statistics

Number of Valid Data 29 Number of Detected Data 12

Number of Distinct Detected Data 12 Number of Non-Detect Data 17

Tolerance Factor 2.232 Percent Non-Detects 58.62%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.66 Minimum Detected -0.416

Maximum Detected 15.2 Maximum Detected 2.721

Mean of Detected 3.867 Mean of Detected 0.834

SD of Detected 4.5 SD of Detected 1.023

Minimum Non-Detect 0.16 Minimum Non-Detect -1.833

Maximum Non-Detect 3.2 Maximum Non-Detect 1.163

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 26

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 3

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 89.66%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.726 Shapiro Wilk Test Statistic 0.919

5% Shapiro Wilk Critical Value 0.859 5% Shapiro Wilk Critical Value 0.859

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 1.843 Mean (Log Scale) -0.389

SD 3.322 SD (Log Scale) 1.401

   95% UTL   95% Coverage 9.257    95% UTL   95% Coverage 15.47

   95% UPL (t) 7.59    95% UPL (t) 7.656

90% Percentile (z) 6.1 90% Percentile (z) 4.083

95% Percentile (z) 7.307 95% Percentile (z) 6.793

99% Percentile (z) 9.571 99% Percentile (z) 17.65

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean -14.33 Mean in Original Scale 1.718

SD 14.06 SD in Original Scale 3.367

   95% UTL with   95% Coverage 17.06    95% UTL with   95% Coverage 13.43
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   95% BCA UTL with   95% Coverage 15.2

   95% Bootstrap (%) UTL with   95% Coverage 15.2

   95% UPL (t) 10    95% UPL (t) 6.472

90% Percentile (z) 3.695 90% Percentile (z) 3.37

95% Percentile (z) 8.804 95% Percentile (z) 5.717

99% Percentile (z) 18.39 99% Percentile (z) 15.4

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.882 Data appear Gamma Distributed at 5% Significance Level

Theta Star 4.383

nu star 21.17

A-D Test Statistic 0.733 Nonparametric Statistics

5% A-D Critical Value 0.754 Kaplan-Meier (KM) Method

K-S Test Statistic 0.234 Mean 2.009

5% K-S Critical Value 0.252 SD 3.184

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.618

   95% KM UTL with    95% Coverage 9.116

Assuming Gamma Distribution    95% KM Chebyshev UPL 16.13

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 7.518

Mean 1.6 90% Percentile (z) 6.09

Median 0.000001 95% Percentile (z) 7.247

SD 3.422 99% Percentile (z) 9.416

k star 0.112

Theta star 14.33 Gamma ROS Limits with Extrapolated Data

Nu star 6.476    95% Wilson Hilferty (WH) Approx. Gamma UPL 6.978

   95% Percentile of Chisquare (2k) 1.285    95% Hawkins Wixley (HW) Approx. Gamma UPL 8.027

   95% WH Approx. Gamma UTL with    95% Coverage 12.1

90% Percentile 4.436    95% HW Approx. Gamma UTL with   95% Coverage 16.43

95% Percentile 9.206

99% Percentile 24.04

Note: DL/2 is not a recommended method.

BARIUM

General Statistics

Number of Valid Data 29 Number of Detected Data 27

Number of Distinct Detected Data 27 Number of Non-Detect Data 2

Tolerance Factor 2.232 Percent Non-Detects 6.90%

Raw Statistics Log-transformed Statistics

Minimum Detected 13.2 Minimum Detected 2.58

Maximum Detected 97.5 Maximum Detected 4.58

Mean of Detected 43.36 Mean of Detected 3.601
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SD of Detected 25.03 SD of Detected 0.601

Minimum Non-Detect 12.8 Minimum Non-Detect 2.549

Maximum Non-Detect 15.6 Maximum Non-Detect 2.747

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 3

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 26

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 10.34%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.898 Shapiro Wilk Test Statistic 0.927

5% Shapiro Wilk Critical Value 0.923 5% Shapiro Wilk Critical Value 0.923

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 40.86 Mean (Log Scale) 3.488

SD 25.87 SD (Log Scale) 0.719

   95% UTL   95% Coverage 98.59    95% UTL   95% Coverage 162.6

   95% UPL (t) 85.61    95% UPL (t) 113.4

90% Percentile (z) 74.01 90% Percentile (z) 82.15

95% Percentile (z) 83.41 95% Percentile (z) 106.7

99% Percentile (z) 101 99% Percentile (z) 174

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 40.02 Mean in Original Scale 41.02

SD 26.84 SD in Original Scale 25.65

   95% UTL with   95% Coverage 99.92    95% UTL with   95% Coverage 151.4

   95% BCA UTL with   95% Coverage 97.5

   95% Bootstrap (%) UTL with   95% Coverage 97.5

   95% UPL (t) 86.45    95% UPL (t) 107.8

90% Percentile (z) 74.41 90% Percentile (z) 79.51

95% Percentile (z) 84.16 95% Percentile (z) 101.7

99% Percentile (z) 102.5 99% Percentile (z) 161.4

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 2.806 Data appear Lognormal at 5% Significance Level

Theta Star 15.45

nu star 151.5

A-D Test Statistic 0.766 Nonparametric Statistics

5% A-D Critical Value 0.751 Kaplan-Meier (KM) Method

K-S Test Statistic 0.184 Mean 41.28

5% K-S Critical Value 0.169 SD 24.9

Data not Gamma Distributed at 5% Significance Level SE of Mean 4.712
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   95% KM UTL with    95% Coverage 96.86

Assuming Gamma Distribution    95% KM Chebyshev UPL 151.7

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 84.36

Mean 40.37 90% Percentile (z) 73.19

Median 35.6 95% Percentile (z) 82.24

SD 26.58 99% Percentile (z) 99.2

k star 0.463

Theta star 87.19 Gamma ROS Limits with Extrapolated Data

Nu star 26.85    95% Wilson Hilferty (WH) Approx. Gamma UPL 127.6

   95% Percentile of Chisquare (2k) 3.656    95% Hawkins Wixley (HW) Approx. Gamma UPL 163.9

   95% WH Approx. Gamma UTL with    95% Coverage 173.8

90% Percentile 110.9    95% HW Approx. Gamma UTL with   95% Coverage 241.8

95% Percentile 159.4

99% Percentile 279.3

Note: DL/2 is not a recommended method.

BERYLLIUM

General Statistics

Number of Valid Data 28 Number of Detected Data 6

Number of Distinct Detected Data 6 Number of Non-Detect Data 22

Tolerance Factor 2.246 Percent Non-Detects 78.57%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.1 Minimum Detected -2.303

Maximum Detected 3.01 Maximum Detected 1.102

Mean of Detected 1.394 Mean of Detected -0.0879

SD of Detected 1.062 SD of Detected 1.221

Minimum Non-Detect 0.02 Minimum Non-Detect -3.912

Maximum Non-Detect 1.8 Maximum Non-Detect 0.588

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 26

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 2

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 92.86%

Warning:  There are only 6 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics
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Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.966 Shapiro Wilk Test Statistic 0.884

5% Shapiro Wilk Critical Value 0.788 5% Shapiro Wilk Critical Value 0.788

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 0.536 Mean (Log Scale) -1.518

SD 0.686 SD (Log Scale) 1.615

   95% UTL   95% Coverage 2.076    95% UTL   95% Coverage 8.238

   95% UPL (t) 1.725    95% UPL (t) 3.601

90% Percentile (z) 1.415 90% Percentile (z) 1.736

95% Percentile (z) 1.664 95% Percentile (z) 3.121

99% Percentile (z) 2.132 99% Percentile (z) 9.379

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

Mean in Original Scale 0.329

SD in Original Scale 0.728

Mean in Log Scale -2.838

SD in Log Scale 1.711

   95% UTL   95% Coverage 2.734

   95% UPL (t) 1.137

90% Percentile (z) 0.525

95% Percentile (z) 0.977

99% Percentile (z) 3.137

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.778 Data appear Normal at 5% Significance Level

Theta Star 1.792

nu star 9.333

A-D Test Statistic 0.248 Nonparametric Statistics

5% A-D Critical Value 0.71 Kaplan-Meier (KM) Method

K-S Test Statistic 0.203 Mean 0.398

5% K-S Critical Value 0.339 SD 0.698

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.147

   95% KM UTL with    95% Coverage 1.965

Assuming Gamma Distribution    95% KM Chebyshev UPL 3.493

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 1.608

Mean 0.299 90% Percentile (z) 1.292

Median 0.000001 95% Percentile (z) 1.546

SD 0.74 99% Percentile (z) 2.021

k star 0.1

Theta star 2.978 Gamma ROS Limits with Extrapolated Data

Nu star 5.615    95% Wilson Hilferty (WH) Approx. Gamma UPL 1.04

   95% Percentile of Chisquare (2k) 1.164    95% Hawkins Wixley (HW) Approx. Gamma UPL 0.925
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   95% WH Approx. Gamma UTL with    95% Coverage 1.93

90% Percentile 0.796    95% HW Approx. Gamma UTL with   95% Coverage 2.067

95% Percentile 1.733

99% Percentile 4.737

Note: DL/2 is not a recommended method.

CADMIUM

General Statistics

Number of Valid Data 29 Number of Detected Data 3

Number of Distinct Detected Data 3 Number of Non-Detect Data 26

Warning: Data set has only 3 Detected Values.

This is not enough to compute meaningful and reliable test statistics and estimates.

No statistics will be produced!

Tolerance Factor 2.232 Percent Non-Detects 89.66%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.08 Minimum Detected -2.526

Maximum Detected 0.9 Maximum Detected -0.105

Mean of Detected 0.481 Mean of Detected -1.134

SD of Detected 0.41 SD of Detected 1.25

Minimum Non-Detect 0.039 Minimum Non-Detect -3.244

Maximum Non-Detect 1 Maximum Non-Detect 0

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 29

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 0

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 100.00%

Warning:  There are only 3 Distinct Detected Values in this data set

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

However, results obtained using 4 to 9 distinct values may not be reliable.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.998 Shapiro Wilk Test Statistic 0.937

5% Shapiro Wilk Critical Value 0.767 5% Shapiro Wilk Critical Value 0.767

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level
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Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 0.241 Mean (Log Scale) -2.049

SD 0.233 SD (Log Scale) 1.269

   95% UTL   95% Coverage 0.761    95% UTL   95% Coverage 2.191

   95% UPL (t) 0.644    95% UPL (t) 1.159

90% Percentile (z) 0.54 90% Percentile (z) 0.656

95% Percentile (z) 0.624 95% Percentile (z) 1.04

99% Percentile (z) 0.783 99% Percentile (z) 2.469

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

Mean in Original Scale 0.0618

SD in Original Scale 0.183

Mean in Log Scale -4.645

SD in Log Scale 1.644

   95% UTL   95% Coverage 0.377

   95% UPL (t) 0.165

90% Percentile (z) 0.079

95% Percentile (z) 0.144

99% Percentile (z) 0.44

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected)     N/A    Data appear Normal at 5% Significance Level

Theta Star     N/A    

nu star     N/A    

A-D Test Statistic     N/A    Nonparametric Statistics

5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method

K-S Test Statistic     N/A    Mean 0.138

5% K-S Critical Value     N/A    SD 0.187

Data not Gamma Distributed at 5% Significance Level SE of Mean 0.0497

   95% KM UTL with    95% Coverage 0.555

Assuming Gamma Distribution    95% KM Chebyshev UPL 0.967

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 0.461

Mean     N/A    90% Percentile (z) 0.377

Median     N/A    95% Percentile (z) 0.445

SD     N/A    99% Percentile (z) 0.573

k star     N/A    

Theta star     N/A    Gamma ROS Limits with Extrapolated Data

Nu star     N/A       95% Wilson Hilferty (WH) Approx. Gamma UPL     N/A    

   95% Percentile of Chisquare (2k)     N/A       95% Hawkins Wixley (HW) Approx. Gamma UPL     N/A    

   95% WH Approx. Gamma UTL with    95% Coverage     N/A    

90% Percentile     N/A       95% HW Approx. Gamma UTL with   95% Coverage     N/A    

95% Percentile     N/A    

99% Percentile     N/A    
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28 28

2.246

7190 8.88

216000 12.28

212000 12.26

20150 9.907

40800 10.62

81575 11.31

60441 10.58

39282 0.97

58521

0.968

1.569

0.799 0.967

0.924 0.924

191879 346839

161883 210986

135439 136124

156699 193618

196581 374946

1.186

50958

60441

55497

66.42

0.425

0.767 138500

0.131 197300

Note: DL/2 is not a recommended method.

Second Largest Second Largest

Raw Statistics Log-Transformed Statistics

Minimum Minimum

Maximum Maximum

CALCIUM

General Statistics

Total Number of Observations Number of Distinct Observations

Tolerance Factor

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

MLE of Standard Deviation

nu star

k star Data appear Gamma Distributed at 5% Significance Level

Theta Star

MLE of Mean

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test Data Distribution Test

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   95% Coverage    95% UTL with   95% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Geometric Mean SD

SD

Coefficient of Variation

First Quartile

Median Median

Third Quartile Third Quartile

Mean Mean

First Quartile
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0.169 214920

216000

133427 216000

170560 216000

255738 214200

320043

174449 173713

179903

236352

251864

CHROMIUM

General Statistics

Number of Valid Data 29 Number of Detected Data 9

Number of Distinct Detected Data 9 Number of Non-Detect Data 20

Tolerance Factor 2.232 Percent Non-Detects 68.97%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.58 Minimum Detected -0.545

Maximum Detected 26.2 Maximum Detected 3.266

Mean of Detected 7.188 Mean of Detected 1.274

SD of Detected 8.366 SD of Detected 1.343

Minimum Non-Detect 0.17 Minimum Non-Detect -1.772

Maximum Non-Detect 5 Maximum Non-Detect 1.609

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 25

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 4

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 86.21%

Warning:  There are only 9 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.798 Shapiro Wilk Test Statistic 0.942

5% Shapiro Wilk Critical Value 0.829 5% Shapiro Wilk Critical Value 0.829

   95% HW Approx. Gamma UPL

   95% WH Approx. Gamma UTL with   95% Coverage

   95% HW Approx. Gamma UTL with   95% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

   95% WH Approx. Gamma UPL Upper Threshold Limit Based upon IQR

Assuming Gamma Distribution    95% UTL with   95% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   95% Coverage

95% Percentile    95% BCA Bootstrap UTL with   95% Coverage

5% K-S Critical Value 99% Percentile

Data appear Gamma Distributed at 5% Significance Level
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Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 2.834 Mean (Log Scale) -0.101

SD 5.43 SD (Log Scale) 1.493

   95% UTL   95% Coverage 14.95    95% UTL   95% Coverage 25.33

   95% UPL (t) 12.23    95% UPL (t) 11.97

90% Percentile (z) 9.793 90% Percentile (z) 6.126

95% Percentile (z) 11.77 95% Percentile (z) 10.54

99% Percentile (z) 15.47 99% Percentile (z) 29.16

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 16.23 Mean in Original Scale 2.335

SD 7.219 SD in Original Scale 5.569

   95% UTL with   95% Coverage 32.34    95% UTL with   95% Coverage 24.86

   95% BCA UTL with   95% Coverage 26.2

   95% Bootstrap (%) UTL with   95% Coverage 26.2

   95% UPL (t) 28.72    95% UPL (t) 9.108

90% Percentile (z) 25.48 90% Percentile (z) 3.712

95% Percentile (z) 28.1 95% Percentile (z) 7.678

99% Percentile (z) 33.02 99% Percentile (z) 30.02

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.637 Data appear Gamma Distributed at 5% Significance Level

Theta Star 11.29

nu star 11.47

A-D Test Statistic 0.321 Nonparametric Statistics

5% A-D Critical Value 0.748 Kaplan-Meier (KM) Method

K-S Test Statistic 0.196 Mean 2.683

5% K-S Critical Value 0.288 SD 5.344

Data appear Gamma Distributed at 5% Significance Level SE of Mean 1.055

   95% KM UTL with    95% Coverage 14.61

Assuming Gamma Distribution    95% KM Chebyshev UPL 26.38

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 11.93

Mean 2.253 90% Percentile (z) 9.531

Median 0.000001 95% Percentile (z) 11.47

SD 5.601 99% Percentile (z) 15.11

k star 0.101

Theta star 22.29 Gamma ROS Limits with Extrapolated Data

Nu star 5.862    95% Wilson Hilferty (WH) Approx. Gamma UPL 8.743

   95% Percentile of Chisquare (2k) 1.173    95% Hawkins Wixley (HW) Approx. Gamma UPL 9.012

   95% WH Approx. Gamma UTL with    95% Coverage 15.57

90% Percentile 6.022    95% HW Approx. Gamma UTL with   95% Coverage 19.08

95% Percentile 13.07
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99% Percentile 35.6

Note: DL/2 is not a recommended method.

COBALT

General Statistics

Number of Valid Data 28 Number of Detected Data 21

Number of Distinct Detected Data 20 Number of Non-Detect Data 7

Tolerance Factor 2.246 Percent Non-Detects 25.00%

Raw Statistics Log-transformed Statistics

Minimum Detected 2 Minimum Detected 0.693

Maximum Detected 64.4 Maximum Detected 4.165

Mean of Detected 28.2 Mean of Detected 3.037

SD of Detected 18.78 SD of Detected 0.912

Minimum Non-Detect 1 Minimum Non-Detect 0

Maximum Non-Detect 3 Maximum Non-Detect 1.099

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 8

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 20

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 28.57%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.95 Shapiro Wilk Test Statistic 0.924

5% Shapiro Wilk Critical Value 0.908 5% Shapiro Wilk Critical Value 0.908

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 21.45 Mean (Log Scale) 2.3

SD 20.08 SD (Log Scale) 1.534

   95% UTL   95% Coverage 66.54    95% UTL   95% Coverage 313.2

   95% UPL (t) 56.25    95% UPL (t) 142.6

90% Percentile (z) 47.18 90% Percentile (z) 71.3

95% Percentile (z) 54.47 95% Percentile (z) 124.5

99% Percentile (z) 68.15 99% Percentile (z) 354.3

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 17.45 Mean in Original Scale 21.93

SD 25.22 SD in Original Scale 19.59

   95% UTL with   95% Coverage 74.1    95% UTL with   95% Coverage 178.8

   95% BCA UTL with   95% Coverage 64.4
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   95% Bootstrap (%) UTL with   95% Coverage 64.4

   95% UPL (t) 61.18    95% UPL (t) 98

90% Percentile (z) 49.78 90% Percentile (z) 57.67

95% Percentile (z) 58.94 95% Percentile (z) 88.33

99% Percentile (z) 76.13 99% Percentile (z) 196.5

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.576 Data appear Normal at 5% Significance Level

Theta Star 17.89

nu star 66.19

A-D Test Statistic 0.259 Nonparametric Statistics

5% A-D Critical Value 0.756 Kaplan-Meier (KM) Method

K-S Test Statistic 0.109 Mean 21.65

5% K-S Critical Value 0.192 SD 19.51

Data appear Gamma Distributed at 5% Significance Level SE of Mean 3.778

   95% KM UTL with    95% Coverage 65.47

Assuming Gamma Distribution    95% KM Chebyshev UPL 108.2

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 55.47

Mean 21.15 90% Percentile (z) 46.65

Median 15.55 95% Percentile (z) 53.74

SD 20.39 99% Percentile (z) 67.03

k star 0.182

Theta star 116.1 Gamma ROS Limits with Extrapolated Data

Nu star 10.2    95% Wilson Hilferty (WH) Approx. Gamma UPL 98.38

   95% Percentile of Chisquare (2k) 1.922    95% Hawkins Wixley (HW) Approx. Gamma UPL 138.2

   95% WH Approx. Gamma UTL with    95% Coverage 152.7

90% Percentile 63.82    95% HW Approx. Gamma UTL with   95% Coverage 244.7

95% Percentile 111.6

99% Percentile 245.1

Note: DL/2 is not a recommended method.

COPPER

General Statistics

Number of Valid Data 28 Number of Detected Data 17

Number of Distinct Detected Data 16 Number of Non-Detect Data 11

Tolerance Factor 2.246 Percent Non-Detects 39.29%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.67 Minimum Detected -0.4

Maximum Detected 21.6 Maximum Detected 3.073

Mean of Detected 5.064 Mean of Detected 1.096

SD of Detected 6.002 SD of Detected 1.039
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Minimum Non-Detect 0.12 Minimum Non-Detect -2.12

Maximum Non-Detect 2.1 Maximum Non-Detect 0.742

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 17

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 11

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 60.71%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.698 Shapiro Wilk Test Statistic 0.936

5% Shapiro Wilk Critical Value 0.892 5% Shapiro Wilk Critical Value 0.892

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 3.336 Mean (Log Scale) 0.375

SD 5.117 SD (Log Scale) 1.373

   95% UTL   95% Coverage 14.83    95% UTL   95% Coverage 31.77

   95% UPL (t) 12.21    95% UPL (t) 15.72

90% Percentile (z) 9.894 90% Percentile (z) 8.451

95% Percentile (z) 11.75 95% Percentile (z) 13.92

99% Percentile (z) 15.24 99% Percentile (z) 35.48

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean -1.041 Mean in Original Scale 3.25

SD 9.016 SD in Original Scale 5.161

   95% UTL with   95% Coverage 19.21    95% UTL with   95% Coverage 27.39

   95% BCA UTL with   95% Coverage 21.6

   95% Bootstrap (%) UTL with   95% Coverage 21.6

   95% UPL (t) 14.59    95% UPL (t) 13.75

90% Percentile (z) 10.51 90% Percentile (z) 7.487

95% Percentile (z) 13.79 95% Percentile (z) 12.2

99% Percentile (z) 19.93 99% Percentile (z) 30.51

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.934 Data appear Lognormal at 5% Significance Level

Theta Star 5.42

nu star 31.76

A-D Test Statistic 0.796 Nonparametric Statistics

5% A-D Critical Value 0.764 Kaplan-Meier (KM) Method

K-S Test Statistic 0.218 Mean 3.36

5% K-S Critical Value 0.215 SD 5.008

Data not Gamma Distributed at 5% Significance Level SE of Mean 0.976

   95% KM UTL with    95% Coverage 14.61
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Assuming Gamma Distribution    95% KM Chebyshev UPL 25.58

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 12.04

Mean 3.074 90% Percentile (z) 9.778

Median 0.855 95% Percentile (z) 11.6

SD 5.262 99% Percentile (z) 15.01

k star 0.142

Theta star 21.58 Gamma ROS Limits with Extrapolated Data

Nu star 7.977    95% Wilson Hilferty (WH) Approx. Gamma UPL 14.48

   95% Percentile of Chisquare (2k) 1.583    95% Hawkins Wixley (HW) Approx. Gamma UPL 18.8

   95% WH Approx. Gamma UTL with    95% Coverage 23.95

90% Percentile 9.045    95% HW Approx. Gamma UTL with   95% Coverage 36.05

95% Percentile 17.09

99% Percentile 40.67

Note: DL/2 is not a recommended method.

IRON

General Statistics

Number of Valid Data 28 Number of Detected Data 25

Number of Distinct Detected Data 25 Number of Non-Detect Data 3

Tolerance Factor 2.246 Percent Non-Detects 10.71%

Raw Statistics Log-transformed Statistics

Minimum Detected 12.7 Minimum Detected 2.542

Maximum Detected 41800 Maximum Detected 10.64

Mean of Detected 7912 Mean of Detected 7.288

SD of Detected 12906 SD of Detected 2.142

Minimum Non-Detect 61.7 Minimum Non-Detect 4.122

Maximum Non-Detect 344 Maximum Non-Detect 5.841

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 9

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 19

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 32.14%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.652 Shapiro Wilk Test Statistic 0.95

5% Shapiro Wilk Critical Value 0.918 5% Shapiro Wilk Critical Value 0.918

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 7074 Mean (Log Scale) 6.953
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SD 12415 SD (Log Scale) 2.259

   95% UTL   95% Coverage 34957    95% UTL   95% Coverage 167271

   95% UPL (t) 28594    95% UPL (t) 52538

90% Percentile (z) 22984 90% Percentile (z) 18926

95% Percentile (z) 27494 95% Percentile (z) 43008

99% Percentile (z) 35955 99% Percentile (z) 200568

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 3382 Mean in Original Scale 7069

SD 15978 SD in Original Scale 12418

   95% UTL with   95% Coverage 39268    95% UTL with   95% Coverage 197181

   95% BCA UTL with   95% Coverage 41800

   95% Bootstrap (%) UTL with   95% Coverage 41800

   95% UPL (t) 31079    95% UPL (t) 58587

90% Percentile (z) 23858 90% Percentile (z) 20097

95% Percentile (z) 29663 95% Percentile (z) 47502

99% Percentile (z) 40552 99% Percentile (z) 238499

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.371 Data appear Lognormal at 5% Significance Level

Theta Star 21336

nu star 18.54

A-D Test Statistic 1.122 Nonparametric Statistics

5% A-D Critical Value 0.831 Kaplan-Meier (KM) Method

K-S Test Statistic 0.208 Mean 7069

5% K-S Critical Value 0.187 SD 12194

Data not Gamma Distributed at 5% Significance Level SE of Mean 2352

   95% KM UTL with    95% Coverage 34456

Assuming Gamma Distribution    95% KM Chebyshev UPL 61161

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 28206

Mean 7064 90% Percentile (z) 22696

Median 895.5 95% Percentile (z) 27126

SD 12420 99% Percentile (z) 35436

k star 0.196

Theta star 36034 Gamma ROS Limits with Extrapolated Data

Nu star 10.98    95% Wilson Hilferty (WH) Approx. Gamma UPL 29620

   95% Percentile of Chisquare (2k) 2.031    95% Hawkins Wixley (HW) Approx. Gamma UPL 33579

   95% WH Approx. Gamma UTL with    95% Coverage 47829

90% Percentile 21362    95% HW Approx. Gamma UTL with   95% Coverage 60315

95% Percentile 36589

99% Percentile 78646

Note: DL/2 is not a recommended method.
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LEAD

General Statistics

Number of Valid Data 29 Number of Detected Data 4

Number of Distinct Detected Data 4 Number of Non-Detect Data 25

Tolerance Factor 2.232 Percent Non-Detects 86.21%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.54 Minimum Detected -0.616

Maximum Detected 15.5 Maximum Detected 2.741

Mean of Detected 7.735 Mean of Detected 1.437

SD of Detected 7.032 SD of Detected 1.531

Minimum Non-Detect 0.157 Minimum Non-Detect -1.852

Maximum Non-Detect 2.5 Maximum Non-Detect 0.916

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 26

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 3

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 89.66%

Warning:  There are only 4 Distinct Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.924 Shapiro Wilk Test Statistic 0.906

5% Shapiro Wilk Critical Value 0.748 5% Shapiro Wilk Critical Value 0.748

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 1.423 Mean (Log Scale) -0.78

SD 3.46 SD (Log Scale) 1.249

   95% UTL   95% Coverage 9.147    95% UTL   95% Coverage 7.436

   95% UPL (t) 7.41    95% UPL (t) 3.974

90% Percentile (z) 5.858 90% Percentile (z) 2.27

95% Percentile (z) 7.115 95% Percentile (z) 3.573

99% Percentile (z) 9.473 99% Percentile (z) 8.366

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean -16.52 Mean in Original Scale 1.079

SD 15.16 SD in Original Scale 3.555
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28 28

2.246

2950 7.99

229000 12.34

156000 11.96

   95% UTL with   95% Coverage 17.32    95% UTL with   95% Coverage 5.368

   95% BCA UTL with   95% Coverage 15.5

   95% Bootstrap (%) UTL with   95% Coverage 15.5

   95% UPL (t) 9.711    95% UPL (t) 1.384

90% Percentile (z) 2.908 90% Percentile (z) 0.412

95% Percentile (z) 8.417 95% Percentile (z) 1.099

99% Percentile (z) 18.75 99% Percentile (z) 6.926

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.405 Data appear Normal at 5% Significance Level

Theta Star 19.1

nu star 3.24

A-D Test Statistic 0.31 Nonparametric Statistics

5% A-D Critical Value 0.667 Kaplan-Meier (KM) Method

K-S Test Statistic 0.279 Mean 1.532

5% K-S Critical Value 0.403 SD 3.357

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.72

   95% KM UTL with    95% Coverage 9.026

Assuming Gamma Distribution    95% KM Chebyshev UPL 16.42

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 7.341

Mean 1.067 90% Percentile (z) 5.835

Median 0.000001 95% Percentile (z) 7.055

SD 3.559 99% Percentile (z) 9.343

k star 0.0873

Theta star 12.22 Gamma ROS Limits with Extrapolated Data

Nu star 5.062    95% Wilson Hilferty (WH) Approx. Gamma UPL 2.754

   95% Percentile of Chisquare (2k) 1.017    95% Hawkins Wixley (HW) Approx. Gamma UPL 1.921

   95% WH Approx. Gamma UTL with    95% Coverage 5.225

90% Percentile 2.662    95% HW Approx. Gamma UTL with   95% Coverage 4.427

Note: DL/2 is not a recommended method.

95% Percentile 6.217

99% Percentile

Maximum Maximum

Second Largest Second Largest

Tolerance Factor

Raw Statistics Log-Transformed Statistics

Minimum Minimum

MAGNESIUM

General Statistics

Total Number of Observations Number of Distinct Observations

18.12
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9648 9.157

16600 9.717

33925 10.43

36803 9.873

19398 1.071

53719

1.46

2.593

0.601 0.948

0.924 0.924

157455 215057

129921 124200

105646 76544

125162 112957

161771 234384

0.838

43936

36803

40212

46.91

1.565

0.778 94900

0.183 154950

0.171 209290

229000

88498 229000

117432 203450

185514 196150

275102

115881 70341

116015

163521

169605

   95% HW Approx. Gamma UPL

   95% WH Approx. Gamma UTL with   95% Coverage

   95% HW Approx. Gamma UTL with   95% Coverage

99% Percentile    95% UPL

   95% Chebyshev UPL

   95% WH Approx. Gamma UPL Upper Threshold Limit Based upon IQR

Assuming Gamma Distribution    95% UTL with   95% Coverage

90% Percentile    95% Percentile Bootstrap UTL with   95% Coverage

95% Percentile    95% BCA Bootstrap UTL with   95% Coverage

5% K-S Critical Value 99% Percentile

Data not Gamma Distributed at 5% Significance Level

A-D Test Statistic Nonparametric Statistics

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

MLE of Standard Deviation

nu star

k star Data appear Lognormal at 5% Significance Level

Theta Star

MLE of Mean

99% Percentile (z) 99% Percentile (z)

Gamma Distribution Test Data Distribution Test

   95% UPL (t)    95% UPL (t)

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   95% Coverage    95% UTL with   95% Coverage

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Skewness

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Geometric Mean SD

SD

Coefficient of Variation

Median Median

Third Quartile Third Quartile

Mean Mean

First Quartile First Quartile
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MANGANESE

General Statistics

Number of Valid Data 28 Number of Detected Data 27

Number of Distinct Detected Data 27 Number of Non-Detect Data 1

Tolerance Factor 2.246 Percent Non-Detects 3.57%

Raw Statistics Log-transformed Statistics

Minimum Detected 6.89 Minimum Detected 1.93

Maximum Detected 5940 Maximum Detected 8.689

Mean of Detected 1237 Mean of Detected 6.115

SD of Detected 1498 SD of Detected 1.798

Minimum Non-Detect 566 Minimum Non-Detect 6.339

Maximum Non-Detect 566 Maximum Non-Detect 6.339

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.781 Shapiro Wilk Test Statistic 0.937

5% Shapiro Wilk Critical Value 0.923 5% Shapiro Wilk Critical Value 0.923

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 1203 Mean (Log Scale) 6.098

SD 1481 SD (Log Scale) 1.767

   95% UTL   95% Coverage 4528    95% UTL   95% Coverage 23532

   95% UPL (t) 3770    95% UPL (t) 9514

90% Percentile (z) 3100 90% Percentile (z) 4282

95% Percentile (z) 3638 95% Percentile (z) 8136

99% Percentile (z) 4647 99% Percentile (z) 27121

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 728.7 Mean in Original Scale 1196

SD 2006 SD in Original Scale 1485

   95% UTL with   95% Coverage 5235    95% UTL with   95% Coverage 23792

   95% BCA UTL with   95% Coverage 5940

   95% Bootstrap (%) UTL with   95% Coverage 5940

   95% UPL (t) 4206    95% UPL (t) 9510

90% Percentile (z) 3300 90% Percentile (z) 4237

95% Percentile (z) 4029 95% Percentile (z) 8116

99% Percentile (z) 5396 99% Percentile (z) 27470

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.569 Data appear Gamma Distributed at 5% Significance Level
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Theta Star 2173

nu star 30.73

A-D Test Statistic 0.249 Nonparametric Statistics

5% A-D Critical Value 0.797 Kaplan-Meier (KM) Method

K-S Test Statistic 0.103 Mean 1197

5% K-S Critical Value 0.177 SD 1458

Data appear Gamma Distributed at 5% Significance Level SE of Mean 280.8

   95% KM UTL with    95% Coverage 4472

Assuming Gamma Distribution    95% KM Chebyshev UPL 7666

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 3725

Mean 1193 90% Percentile (z) 3066

Median 782.5 95% Percentile (z) 3595

SD 1488 99% Percentile (z) 4589

k star 0.374

Theta star 3186 Gamma ROS Limits with Extrapolated Data

Nu star 20.96    95% Wilson Hilferty (WH) Approx. Gamma UPL 4664

   95% Percentile of Chisquare (2k) 3.182    95% Hawkins Wixley (HW) Approx. Gamma UPL 5410

   95% WH Approx. Gamma UTL with    95% Coverage 6974

90% Percentile 3408    95% HW Approx. Gamma UTL with   95% Coverage 8768

95% Percentile 5070

99% Percentile 9280

Note: DL/2 is not a recommended method.

MERCURY

General Statistics

Number of Valid Data 29 Number of Detected Data 2

Number of Distinct Detected Data 2 Number of Non-Detect Data 27

Warning: Data set has only 2 Detected Values.

This is not enough to compute meaningful and reliable test statistics and estimates.

No statistics will be produced!

Tolerance Factor 2.232 Percent Non-Detects 93.10%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.16 Minimum Detected -1.833

Maximum Detected 0.39 Maximum Detected -0.942

Mean of Detected 0.275 Mean of Detected -1.387

SD of Detected 0.163 SD of Detected 0.63

Minimum Non-Detect 0.007 Minimum Non-Detect -4.962

Maximum Non-Detect 0.2 Maximum Non-Detect -1.609

Data with Multiple Detection Limits Single Detection Limit Scenario

Page 22 of 34



ProUCL OUTPUT

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 28

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 1

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 96.55%

Warning: Data set has only 2 Distinct Detected Values.

This may not be adequate enough to compute meaningful and reliable test statistics and estimates.

The Project Team may decide to use alternative site specific values to estimate environmental parameters (e.g., EPC, BTV).

Unless Data Quality Objectives (DQOs) have been met, it is suggested to collect additional observations.

The number of detected data may not be adequate enough to perform GOF tests, bootstrap, and ROS methods.

Those methods will return a 'N/A' value on your output display!

It is necessary to have 4 or more Distinct Values for bootstrap methods.

However, results obtained using 4 to 9 distinct values may not be reliable.

It is recommended to have 10 to 15 or more observations for accurate and meaningful results and estimates.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic     N/A    Shapiro Wilk Test Statistic     N/A    

5% Shapiro Wilk Critical Value     N/A    5% Shapiro Wilk Critical Value     N/A    

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 0.0676 Mean (Log Scale) -3.291

SD 0.0766 SD (Log Scale) 1.21

   95% UTL   95% Coverage 0.239    95% UTL   95% Coverage 0.554

   95% UPL (t) 0.2    95% UPL (t) 0.302

90% Percentile (z) 0.166 90% Percentile (z) 0.175

95% Percentile (z) 0.194 95% Percentile (z) 0.272

99% Percentile (z) 0.246 99% Percentile (z) 0.621

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

Mean in Original Scale     N/A    

SD in Original Scale     N/A    

Mean in Log Scale     N/A    

SD in Log Scale     N/A    

   95% UTL   95% Coverage     N/A    

   95% UPL (t)     N/A    

90% Percentile (z)     N/A    

95% Percentile (z)     N/A    

99% Percentile (z)     N/A    

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only
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k star (bias corrected)     N/A    Data do not follow a Discernable Distribution (0.05)

Theta Star     N/A    

nu star     N/A    

A-D Test Statistic     N/A    Nonparametric Statistics

5% A-D Critical Value     N/A    Kaplan-Meier (KM) Method

K-S Test Statistic     N/A    Mean 0.168

5% K-S Critical Value     N/A    SD 0.042

Data not Gamma Distributed at 5% Significance Level SE of Mean 0.011

   95% KM UTL with    95% Coverage 0.262

Assuming Gamma Distribution    95% KM Chebyshev UPL 0.354

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 0.241

Mean     N/A    90% Percentile (z) 0.222

Median     N/A    95% Percentile (z) 0.237

SD     N/A    99% Percentile (z) 0.266

k star     N/A    

Theta star     N/A    Gamma ROS Limits with Extrapolated Data

Nu star     N/A       95% Wilson Hilferty (WH) Approx. Gamma UPL     N/A    

   95% Percentile of Chisquare (2k)     N/A       95% Hawkins Wixley (HW) Approx. Gamma UPL     N/A    

   95% WH Approx. Gamma UTL with    95% Coverage     N/A    

90% Percentile     N/A       95% HW Approx. Gamma UTL with   95% Coverage     N/A    

95% Percentile     N/A    

99% Percentile     N/A    

Note: DL/2 is not a recommended method.

NICKEL

General Statistics

Number of Valid Data 28 Number of Detected Data 24

Number of Distinct Detected Data 24 Number of Non-Detect Data 4

Tolerance Factor 2.246 Percent Non-Detects 14.29%

Raw Statistics Log-transformed Statistics

Minimum Detected 1.56 Minimum Detected 0.445

Maximum Detected 131 Maximum Detected 4.875

Mean of Detected 50.99 Mean of Detected 3.435

SD of Detected 40.89 SD of Detected 1.224

Minimum Non-Detect 10 Minimum Non-Detect 2.303

Maximum Non-Detect 10 Maximum Non-Detect 2.303

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.911 Shapiro Wilk Test Statistic 0.906
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5% Shapiro Wilk Critical Value 0.916 5% Shapiro Wilk Critical Value 0.916

Data not Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 44.42 Mean (Log Scale) 3.174

SD 41.15 SD (Log Scale) 1.303

   95% UTL   95% Coverage 136.8    95% UTL   95% Coverage 446.5

   95% UPL (t) 115.7    95% UPL (t) 228.9

90% Percentile (z) 97.15 90% Percentile (z) 127

95% Percentile (z) 112.1 95% Percentile (z) 204

99% Percentile (z) 140.1 99% Percentile (z) 495.8

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 34.89 Mean in Original Scale 44.62

SD 53.09 SD in Original Scale 40.96

   95% UTL with   95% Coverage 154.1    95% UTL with   95% Coverage 441.1

   95% BCA UTL with   95% Coverage 131

   95% Bootstrap (%) UTL with   95% Coverage 131

   95% UPL (t) 126.9    95% UPL (t) 227.9

90% Percentile (z) 102.9 90% Percentile (z) 127.4

95% Percentile (z) 122.2 95% Percentile (z) 203.4

99% Percentile (z) 158.4 99% Percentile (z) 489.2

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.03 Data appear Gamma Distributed at 5% Significance Level

Theta Star 49.53

nu star 49.42

A-D Test Statistic 0.356 Nonparametric Statistics

5% A-D Critical Value 0.769 Kaplan-Meier (KM) Method

K-S Test Statistic 0.111 Mean 44.46

5% K-S Critical Value 0.182 SD 40.38

Data appear Gamma Distributed at 5% Significance Level SE of Mean 7.799

   95% KM UTL with    95% Coverage 135.2

Assuming Gamma Distribution    95% KM Chebyshev UPL 223.6

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 114.5

Mean 43.99 90% Percentile (z) 96.21

Median 31.35 95% Percentile (z) 110.9

SD 41.61 99% Percentile (z) 138.4

k star 0.297

Theta star 148.1 Gamma ROS Limits with Extrapolated Data

Nu star 16.64    95% Wilson Hilferty (WH) Approx. Gamma UPL 174.8

   95% Percentile of Chisquare (2k) 2.727    95% Hawkins Wixley (HW) Approx. Gamma UPL 224.7

   95% WH Approx. Gamma UTL with    95% Coverage 258.3

90% Percentile 129.9    95% HW Approx. Gamma UTL with   95% Coverage 366.3
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95% Percentile 201.9

99% Percentile 389.1

Note: DL/2 is not a recommended method.

POTASSIUM

General Statistics

Number of Valid Data 28 Number of Detected Data 22

Number of Distinct Detected Data 22 Number of Non-Detect Data 6

Tolerance Factor 2.246 Percent Non-Detects 21.43%

Raw Statistics Log-transformed Statistics

Minimum Detected 403 Minimum Detected 5.999

Maximum Detected 5380 Maximum Detected 8.59

Mean of Detected 2836 Mean of Detected 7.675

SD of Detected 1759 SD of Detected 0.852

Minimum Non-Detect 3390 Minimum Non-Detect 8.129

Maximum Non-Detect 5000 Maximum Non-Detect 8.517

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 24

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 4

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 85.71%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.916 Shapiro Wilk Test Statistic 0.883

5% Shapiro Wilk Critical Value 0.911 5% Shapiro Wilk Critical Value 0.911

Data appear Normal at 5% Significance Level Data not Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 2735 Mean (Log Scale) 7.693

SD 1570 SD (Log Scale) 0.756

   95% UTL   95% Coverage 6261    95% UTL   95% Coverage 11970

   95% UPL (t) 5457    95% UPL (t) 8126

90% Percentile (z) 4747 90% Percentile (z) 5776

95% Percentile (z) 5318 95% Percentile (z) 7600

99% Percentile (z) 6387 99% Percentile (z) 12719

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 4493 Mean in Original Scale 2607

SD 481.2 SD in Original Scale 1656

   95% UTL with   95% Coverage 5574    95% UTL with   95% Coverage 11910
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   95% BCA UTL with   95% Coverage 5380

   95% Bootstrap (%) UTL with   95% Coverage 5380

   95% UPL (t) 5327    95% UPL (t) 7946

90% Percentile (z) 5110 90% Percentile (z) 5562

95% Percentile (z) 5285 95% Percentile (z) 7410

99% Percentile (z) 5612 99% Percentile (z) 12689

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.73 Data appear Normal at 5% Significance Level

Theta Star 1639

nu star 76.12

A-D Test Statistic 0.73 Nonparametric Statistics

5% A-D Critical Value 0.756 Kaplan-Meier (KM) Method

K-S Test Statistic 0.147 Mean 2689

5% K-S Critical Value 0.188 SD 1673

Data appear Gamma Distributed at 5% Significance Level SE of Mean 351.5

   95% KM UTL with    95% Coverage 6446

Assuming Gamma Distribution    95% KM Chebyshev UPL 10110

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 5589

Mean 2719 90% Percentile (z) 4833

Median 2715 95% Percentile (z) 5441

SD 1656 99% Percentile (z) 6581

k star 1.899

Theta star 1432 Gamma ROS Limits with Extrapolated Data

Nu star 106.4    95% Wilson Hilferty (WH) Approx. Gamma UPL 6753

   95% Percentile of Chisquare (2k) 9.159    95% Hawkins Wixley (HW) Approx. Gamma UPL 7065

   95% WH Approx. Gamma UTL with    95% Coverage 8709

90% Percentile 5353    95% HW Approx. Gamma UTL with   95% Coverage 9367

95% Percentile 6557

99% Percentile 9234

Note: DL/2 is not a recommended method.

SELENIUM

General Statistics

Number of Valid Data 29 Number of Detected Data 7

Number of Distinct Detected Data 7 Number of Non-Detect Data 22

Tolerance Factor 2.232 Percent Non-Detects 75.86%

Raw Statistics Log-transformed Statistics

Minimum Detected 0.33 Minimum Detected -1.109

Maximum Detected 4.1 Maximum Detected 1.411

Mean of Detected 1.753 Mean of Detected 0.208
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SD of Detected 1.47 SD of Detected 0.955

Minimum Non-Detect 0.04 Minimum Non-Detect -3.219

Maximum Non-Detect 2.5 Maximum Non-Detect 0.916

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 27

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 2

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 93.10%

Warning:  There are only 7 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.876 Shapiro Wilk Test Statistic 0.945

5% Shapiro Wilk Critical Value 0.803 5% Shapiro Wilk Critical Value 0.803

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 0.678 Mean (Log Scale) -1.34

SD 0.972 SD (Log Scale) 1.567

   95% UTL   95% Coverage 2.847    95% UTL   95% Coverage 8.658

   95% UPL (t) 2.359    95% UPL (t) 3.943

90% Percentile (z) 1.923 90% Percentile (z) 1.952

95% Percentile (z) 2.276 95% Percentile (z) 3.45

99% Percentile (z) 2.938 99% Percentile (z) 10.04

Maximum Likelihood Estimate(MLE) Method N/A Log ROS Method

Mean in Original Scale 0.495

SD in Original Scale 0.994

Mean in Log Scale -1.897

SD in Log Scale 1.396

   95% UTL   95% Coverage 3.388

   95% UPL (t) 1.681

90% Percentile (z) 0.899

95% Percentile (z) 1.492

99% Percentile (z) 3.865

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 0.987 Data appear Normal at 5% Significance Level

Theta Star 1.776
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28 28

2.246

10100 9.22

165000 12.01

152000 11.93

25650 10.15

40500 10.61

92475 11.43

60968 10.73

45803 0.783

46930

0.77

1.004

nu star 13.82

A-D Test Statistic 0.268 Nonparametric Statistics

5% A-D Critical Value 0.72 Kaplan-Meier (KM) Method

K-S Test Statistic 0.175 Mean 0.696

5% K-S Critical Value 0.317 SD 0.906

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.184

   95% KM UTL with    95% Coverage 2.717

Assuming Gamma Distribution    95% KM Chebyshev UPL 4.71

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 2.262

Mean 0.423 90% Percentile (z) 1.856

Median 0.000001 95% Percentile (z) 2.185

SD 1.023 99% Percentile (z) 2.802

k star 0.1

Theta star 4.213 Gamma ROS Limits with Extrapolated Data

3.183

Nu star 5.825    95% Wilson Hilferty (WH) Approx. Gamma UPL 1.552

   95% Percentile of Chisquare (2k) 1.166    95% Hawkins Wixley (HW) Approx. Gamma UPL 1.461

99% Percentile 6.706

   95% WH Approx. Gamma UTL with    95% Coverage 2.822

90% Percentile 1.128    95% HW Approx. Gamma UTL with   95% Coverage

Note: DL/2 is not a recommended method.

Background Statistics

Normal Distribution Test Lognormal Distribution Test

Geometric Mean SD

SD

Coefficient of Variation

Skewness

First Quartile First Quartile

Median Median

Third Quartile Third Quartile

Mean Mean

Minimum Minimum

Maximum Maximum

Second Largest Second Largest

Total Number of Observations Number of Distinct Observations

Tolerance Factor

Raw Statistics Log-Transformed Statistics

SODIUM

General Statistics

95% Percentile 2.455
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0.843 0.955

0.924 0.924

166373 265626

142318 177852

121111 124874

138161 165940

170144 282865

1.718

35479

60968

46509

96.23

0.686

0.759 136700

0.142 148850

0.168 161490

165000

122931 165000

151839 165000

216554 159150

269153

155563 192713

159367

202800

212950

   95% WH Approx. Gamma UTL with   95% Coverage

   95% HW Approx. Gamma UTL with   95% Coverage

   95% Chebyshev UPL

   95% WH Approx. Gamma UPL Upper Threshold Limit Based upon IQR

   95% HW Approx. Gamma UPL

90% Percentile    95% Percentile Bootstrap UTL with   95% Coverage

95% Percentile    95% BCA Bootstrap UTL with   95% Coverage

99% Percentile    95% UPL

Data appear Gamma Distributed at 5% Significance Level

Assuming Gamma Distribution    95% UTL with   95% Coverage

5% A-D Critical Value 90% Percentile

K-S Test Statistic 95% Percentile

5% K-S Critical Value 99% Percentile

nu star

A-D Test Statistic Nonparametric Statistics

Theta Star

MLE of Mean

MLE of Standard Deviation

Gamma Distribution Test Data Distribution Test

k star Data appear Gamma Distributed at 5% Significance Level

90% Percentile (z) 90% Percentile (z)

95% Percentile (z) 95% Percentile (z)

99% Percentile (z) 99% Percentile (z)

Assuming Normal Distribution Assuming Lognormal Distribution

   95% UTL with   95% Coverage    95% UTL with   95% Coverage

   95% UPL (t)    95% UPL (t)

Shapiro Wilk Critical Value Shapiro Wilk Critical Value

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Shapiro Wilk Test Statistic Shapiro Wilk Test Statistic

THALLIUM

General Statistics

Number of Valid Data 28 Number of Detected Data 1

Number of Distinct Detected Data 1 Number of Non-Detect Data 27

Warning: Only one distinct data value was detected! ProUCL (or any other software) should not be used on such a data set!

It is suggested to use alternative site specific values determined by the Project Team to estimate environmental parameters (e.g., EPC, BTV).

The data set for variable THALLIUM was not processed!
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VANADIUM

General Statistics

Number of Valid Data 28 Number of Detected Data 5

Number of Distinct Detected Data 5 Number of Non-Detect Data 23

Tolerance Factor 2.246 Percent Non-Detects 82.14%

Raw Statistics Log-transformed Statistics

Minimum Detected 2.1 Minimum Detected 0.742

Maximum Detected 17.9 Maximum Detected 2.885

Mean of Detected 9.154 Mean of Detected 1.984

SD of Detected 6.155 SD of Detected 0.822

Minimum Non-Detect 0.06 Minimum Non-Detect -2.813

Maximum Non-Detect 3 Maximum Non-Detect 1.099

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 24

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 4

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 85.71%

Warning:  There are only 5 Detected Values in this data

Note:  It should be noted that even though bootstrap may be performed on this data set

the resulting calculations may not be reliable enough to draw conclusions

It is recommended to have 10-15 or more distinct observations for accurate and meaningful results.

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.969 Shapiro Wilk Test Statistic 0.96

5% Shapiro Wilk Critical Value 0.762 5% Shapiro Wilk Critical Value 0.762

Data appear Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 2.136 Mean (Log Scale) -0.399

SD 4.106 SD (Log Scale) 1.575

   95% UTL   95% Coverage 11.36    95% UTL   95% Coverage 23.04

   95% UPL (t) 9.254    95% UPL (t) 10.28

90% Percentile (z) 7.398 90% Percentile (z) 5.046

95% Percentile (z) 8.89 95% Percentile (z) 8.941

99% Percentile (z) 11.69 99% Percentile (z) 26.15

Maximum Likelihood Estimate(MLE) Method Log ROS Method
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Mean     N/A    Mean in Original Scale 1.867

SD     N/A    SD in Original Scale 4.202

   95% UTL with   95% Coverage     N/A       95% UTL with   95% Coverage 17.84

   95% BCA UTL with   95% Coverage 17.9

   95% Bootstrap (%) UTL with   95% Coverage 17.9

   95% UPL (t)     N/A       95% UPL (t) 7.26

90% Percentile (z)     N/A    90% Percentile (z) 3.286

95% Percentile (z)     N/A    95% Percentile (z) 6.215

99% Percentile (z)     N/A    99% Percentile (z) 20.54

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.064 Data appear Normal at 5% Significance Level

Theta Star 8.601

nu star 10.64

A-D Test Statistic 0.189 Nonparametric Statistics

5% A-D Critical Value 0.684 Kaplan-Meier (KM) Method

K-S Test Statistic 0.163 Mean 3.36

5% K-S Critical Value 0.36 SD 3.565

Data appear Gamma Distributed at 5% Significance Level SE of Mean 0.753

   95% KM UTL with    95% Coverage 11.37

Assuming Gamma Distribution    95% KM Chebyshev UPL 19.18

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 9.54

Mean 1.635 90% Percentile (z) 7.929

Median 0.000001 95% Percentile (z) 9.224

SD 4.285 99% Percentile (z) 11.65

k star 0.0893

Theta star 18.31 Gamma ROS Limits with Extrapolated Data

Nu star 5    95% Wilson Hilferty (WH) Approx. Gamma UPL 5.341

   95% Percentile of Chisquare (2k) 1.041    95% Hawkins Wixley (HW) Approx. Gamma UPL 4.45

   95% WH Approx. Gamma UTL with    95% Coverage 10.04

90% Percentile 4.127    95% HW Approx. Gamma UTL with   95% Coverage 10.18

95% Percentile 9.524

99% Percentile 27.46

Note: DL/2 is not a recommended method.

ZINC

General Statistics

Number of Valid Data 28 Number of Detected Data 23

Number of Distinct Detected Data 23 Number of Non-Detect Data 5

Tolerance Factor 2.246 Percent Non-Detects 17.86%

Raw Statistics Log-transformed Statistics
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Minimum Detected 2.16 Minimum Detected 0.77

Maximum Detected 161 Maximum Detected 5.081

Mean of Detected 49.45 Mean of Detected 3.406

SD of Detected 45.66 SD of Detected 1.115

Minimum Non-Detect 1.1 Minimum Non-Detect 0.0953

Maximum Non-Detect 10 Maximum Non-Detect 2.303

Data with Multiple Detection Limits Single Detection Limit Scenario

Note: Data have multiple DLs - Use of KM Method is recommended Number treated as Non-Detect with Single DL 8

For all methods (except KM, DL/2, and ROS Methods), Number treated as Detected with Single DL 20

Observations < Largest ND are treated as NDs Single DL Non-Detect Percentage 28.57%

Background Statistics

Normal Distribution Test with Detected Values Only Lognormal Distribution Test with Detected Values Only

Shapiro Wilk Test Statistic 0.861 Shapiro Wilk Test Statistic 0.962

5% Shapiro Wilk Critical Value 0.914 5% Shapiro Wilk Critical Value 0.914

Data not Normal at 5% Significance Level Data appear Lognormal at 5% Significance Level

Assuming Normal Distribution Assuming Lognormal Distribution

DL/2 Substitution Method DL/2 Substitution Method

Mean 41.24 Mean (Log Scale) 2.967

SD 44.96 SD (Log Scale) 1.441

   95% UTL   95% Coverage 142.2    95% UTL   95% Coverage 494.9

   95% UPL (t) 119.2    95% UPL (t) 236.4

90% Percentile (z) 98.86 90% Percentile (z) 123.3

95% Percentile (z) 115.2 95% Percentile (z) 208.1

99% Percentile (z) 145.8 99% Percentile (z) 555.7

Maximum Likelihood Estimate(MLE) Method Log ROS Method

Mean 32.35 Mean in Original Scale 41.26

SD 55.23 SD in Original Scale 44.94

   95% UTL with   95% Coverage 156.4    95% UTL with   95% Coverage 418.2

   95% BCA UTL with   95% Coverage 161

   95% Bootstrap (%) UTL with   95% Coverage 161

   95% UPL (t) 128.1    95% UPL (t) 209.4

90% Percentile (z) 103.1 90% Percentile (z) 113.8

95% Percentile (z) 123.2 95% Percentile (z) 185.8

99% Percentile (z) 160.8 99% Percentile (z) 466.1

Gamma Distribution Test with Detected Values Only Data Distribution Test with Detected Values Only

k star (bias corrected) 1.028 Data appear Gamma Distributed at 5% Significance Level

Theta Star 48.1

nu star 47.29

A-D Test Statistic 0.381 Nonparametric Statistics

5% A-D Critical Value 0.767 Kaplan-Meier (KM) Method
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ProUCL OUTPUT

K-S Test Statistic 0.134 Mean 41.23

5% K-S Critical Value 0.186 SD 44.16

Data appear Gamma Distributed at 5% Significance Level SE of Mean 8.535

   95% KM UTL with    95% Coverage 140.4

Assuming Gamma Distribution    95% KM Chebyshev UPL 237.1

Gamma ROS Statistics with Extrapolated Data    95% KM UPL (t) 117.8

Mean 40.62 90% Percentile (z) 97.82

Median 23.1 95% Percentile (z) 113.9

SD 45.5 99% Percentile (z) 144

k star 0.216

Theta star 187.8 Gamma ROS Limits with Extrapolated Data

Nu star 12.11    95% Wilson Hilferty (WH) Approx. Gamma UPL 175.6

   95% Percentile of Chisquare (2k) 2.183    95% Hawkins Wixley (HW) Approx. Gamma UPL 233.8

   95% WH Approx. Gamma UTL with    95% Coverage 268.3

90% Percentile 122.8    95% HW Approx. Gamma UTL with   95% Coverage 401

95% Percentile 205

99% Percentile 428.4

Note: DL/2 is not a recommended method.
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