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EXECUTIVE SUMMARY

The United States Army Corps of Engineers, Northwest Division, Kansas City District (CENWK),

under contract DACA41-92-D-0001, retained Louis Berger & Associates, Inc. (Berger) in support

of the Fort Riley Directorate of Environment and Safety, Installation Restoration Program, to

perform an Site Investigation (SI) at the Open Burn/Open Detonation (OB/OD) Area at Fort Riley,

Kansas.

The OB/OD Area is located due north of the Main Post on Range 16 on the southern part of the

Impact Area, approximately 2,300 feet north of Vinton School Road. The site lies on the Fort

Riley NE, Kansas USGS 7.5 minute quadrangle in the Northeast quarter, Section 33, Township

10 south, Range 6 east. Since 1941, the site was used for ordnance disposal by open detonation

and open burning. Burning is no longer conducted at the site.

The High Priority Sites Site Investigation (SI) (CEMRK, 1994) was initiated in September 1993,

and included the OB/OD Area as one of the High Priority Sites. A Site Investigation (SI) of the

OB/OD Area, which included geophysics, soil gas sampling, and groundwater sampling, was

performed in September-October 1993. Groundwater sampling was again conducted in December

1995 as part of the confirmation groundwater sampling at Multiple Sites (CEMRK, 1996a).

Based on the findings of these previous investigations at the OB/OD Area, it was determined that

further site investigation (SI) activities were required based on the presence of chlorinated solvent

contaminants. The objectives of these SI activities were:

to evaluate the possible source and extent of contamination;

to evaluate whether any other contaminants at the site are co-contaminants with the

chlorinated solvent; and

to clarify the local geology and movement of water within the different formations
that underlay this site.

The approach for the SI is documented in the Draft Final Sampling and Analysis Plan (SAP) for

the Supplemental Site Investigation at the Open Burn/Open Detonation Area, Fort Riley, Kansas

(CENWK, 1997a). Access to the OB/OD Area is restricted because it is used for military training.

As a result, the following SI field activities had to be conducted in a series of events during inactive

periods at the site:

a preliminary investigation (Mobilization #1) which included installation of four

monitoring wells;

a passive soil gas demonstration test;

an investigation for further characterization of hydrogeologic conditions and

extent of contamination (Mobilization #2) which included installation of five

piezometer nests; and,
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groundwater monitoring, including monthly water level measurements and

quarterly sampling and analysis.

The purpose of this SI Report Addendum (SIRA) is to supplement the Site Investigation Report for

High Priority Sites at Fort Riley, Kansas (High Priority Sites SI) (CEMRK, 1994) by presenting

a summary of previous investigations, the 1997 S1 activities, and a site characterization based on

the evaluation and interpretation of the results of those investigations.

To provide a preliminary basis for comparison to the identified levels of contamination at the site,

the following potential ARARs were evaluated and used in this report as appropriate to provide

comparative chemical-specific levels:

* The State of Kansas Surface Water Quality Standards (KSWQS) (KAR 28-16-28b);

* The Federal Safe Drinking Water Act (SDWA) (42 USC 300) and Amendments of 1996

(42 USC 201) National Primary Drinking Water Regulations (40 CFR 141); and,

The Federal Clean Water Act (33 USC 1251-1375) and Federal Surface Water Quality

Requirements (40 CFR 131).

Quantitative Maximum Contaminant Levels (MCLs) have been established pursuant to the SDWA

and the National Primary Drinking Water Regulations for numerous chemicals. MCLs are

sometimes used at CERCLA sites as action levels if groundwater or surface water at or near the

contaminated site is reasonably expected to migrate and adversely affect a drinking water supply

system in the future. This is not the case for the OB/OD Area, however, because no threatened

water supply systems exist in the vicinity of the OB/OD Area. Nonetheless, because they are

incorporated by reference into the KSWQS for surface waters which are designated as a current or

potential future water supply source, and because they represent one of the few available and

generally accepted chemical-specific standards, MCLs are used throughout this report to provide

a conservative risk-based comparison and frame of reference when presenting and evaluating the

identified levels of aqueous contamination associated with the OB/OD Area. This is not intended

to imply, however, that MCLs have been established as the applicable numeric regulatory criteria

for the OB/OD Area. The ultimate applicability of any regulatory requirements are determined

subsequent to the SI stage of the CERCLA process.

The results of the environmental investigations indicate that low levels of chlorinated solvents,

predominantly TCE, are present in the groundwater beneath the site. The highest concentration

of TCE detected in the groundwater is two orders of magnitude below the concentration which

would indicate the presence of any residual product, but does exceed the MCL for TCE (5 tg/l).

Due to the long period of site use and the low levels of contamination identified, it is difficult to

identify the exact location where the contaminants may have been released. The identified

groundwater contaminants may be the result of several small sporadic releases which occurred at

various locations within the area over the period of site activity. However, based on the

distribution of the TCE and the direction of groundwater flow, the contaminants were released

somewhere within the active and/or historical open burn/open detonation areas bounded by the

subject investigations.
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In general, the bedrock units (alternating layers of limestone and shale) beneath the OB/OD Area

are flat-lying with relatively uniform thicknesses. As a result, elevation becomes a good indicator

of stratigraphic position. Based on the bedrock geologic map from the investigation data and

published information, the demo pits and the North Burn Pit are situated on the Blue Springs Shale

while the South Bum Pit is located on the Wymore Shale. Much of what directly underlies these

areas is overburden and weathered bedrock derived from these formations.

After being released to the ground, the small quantities of TCE would have migrated downward

through the soil colunm to the water table via gravity drainage and precipitation infiltration. The

concentrations were low enough that the TCE dissolved and moved with the flow of groundwater

(as opposed to being dense non-aqueous phase liquid [DNAPL] that would sink).

Although some seepage through the shale formations may occur, it is considered to be of much less

importance since the limestone units contain the zones which would much more readily transport

groundwater. The affected limestone units beneath the OB/OD Area are the Kinney,

Schroyer/Havensville, and the Threemile.

Contaminants released above the Kinney limestone were dispersed with the groundwater flow in

this formation coming out of the higher land to the north. This moved some contaminants slightly

to the east but also to the west via the spring at the base of the Kinney. The discharge from the

spring continues to the west, infiltrating into the overburden underlying the mesic area. The

contaminants dispersed in other directions in the Kinney and some also may have seeped downward

through the Wymore Shale to the underlying water-bearing zone of the Schroyer limestone and

upper portion of the Havensville Shale. The Schroyer/upper portion of the Havensville is also the

first water-bearing zone to receive contaminants that may have been released at the South Burn Pit.

The highest concentration of TCE onsite (570 tg/l) is identified in the Schroyer/upper portion of

the Havensville. In this unit, the contaminants also migrate with the primary flow of groundwater.

The flow is generally towards the intermittent stream to the west. Consistent with the regional

structural geology, this intermittent stream is interpreted to be the trace of a vertical joint which

is providing a drainage path for the groundwater in this zone. Smaller layers within the water-

bearing zone flow more to the northwest or the southwest depending on where the joint is best

developed in contact with that layer. The vertical joint may also provide a potential pathway for

some groundwater and contaminants to migrate down to the underlying Threemile limestone. In

addition, some downward seepage through the Havensville Shale may also occur. The limited

nature of this downward flow is evidenced by the TCE concentrations being one to two orders of

magnitude lower in the Threemile Limestone.

Human exposure potential is minimal. Human receptors within a 1-mile radius of the site are

limited to personnel of the OB/OD Area during OB/OD activities and Army personnel in areas

adjacent to the OB/OD Area. These receptors are considered transient since their access is strictly

controlled and they only use the areas on a limited and intermittent basis. Surrounding land use

consists of military training grounds to the south, an artillery and mortar impact area to the north.

There are leased croplands about three miles to the southeast and southwest, and leased haylands

south of Vinton School Road. Wildlife food plots are located within one mile southwest. With
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rare exception, access to the OB/OD Area is restricted to EOD personnel, which only enter the

area to perform disposal.

The greatest potential for exposure to the groundwater contamination at the OB/OD Area is at the

spring adjacent to the North Burn Pit (Figure 1-2). This spring is flowing most of the time and the

water contains concentrations of TCE in the 100 to 300 jig/l range. Exposure of the spring to

potential ecological receptors is possible as footprints of various indigenous wildlife (deer, etc.)

were observed onsite. It is possible that wildlife present on the OB/OD Area are drinking from

this spring. The intermittent streams are dry most of the time, so this spring is usually the only

surface water on the OB/OD Area.

A mesic (commonly moist, intermittently wet) area approximately 700 feet by 600 feet in size (10

acres) is located between the spring and the intermittent stream along the western side of the site.

This area is not listed as a wetland on the USGS 7.5 minute topographic quadrangles, the Fort

Riley installation map prepared by the Defense Mapping Agency, or the National Wetlands

Inventory. This area is usually not saturated. Any water that may appear is likely to be from

surface runoff, During periods of high water table, however, it is possible that some of the water

may be from the groundwater in the underlying overburden (which, like the spring, may have TCE

concentrations in the 100 to 300 jig/l range). When wet, this area could present another exposure

potential for ecological receptors.

The intermittent streams located to the east and west of the OB/OD Area are usually dry and,

therefore, do not usually pose an exposure potential to human or ecological receptors. These

intermittent streams join about 1,000 feet south of the southern site boundary. This single tributary

continues south another 2,000 feet where it joins Threemile Creek. From this point, Threemile

Creek flows southeast and joins the Kansas River at the west side of Camp Funston. There are no

perennial streams within one mile downstream of the site and no known uses of surface water as

potable water within 15 miles downstream of the site.

The groundwater withdrawal well nearest to the OB/OD Area is located at Range 18 approximately

4,220 feet to the east-southeast of the site. This well is only used at the Range 18 maintenance

facility for non-potable purposes. No other wells fall within the one-mile radius of the OB/OD

Area. The next nearest wells are the Ogden supply wells located approximately 3 miles southeast

of the site. There is no realistic potential for exposure to the site groundwater contamination via

extraction from production wells.
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1.0 INTRODUCTION

The United States Army Corps of Engineers, Northwest Division, Kansas City District (CENWK),
under contract DACA41-92-D-0001, retained Louis Berger & Associates, Inc. (Berger) in support

of the Fort Riley Directorate of Environment and Safety, Installation Restoration Program, to

perform a Site Investigation (SI) at the Open Burn/Open Detonation (OB/OD) Area at Fort Riley,
Kansas.

On 14 July 1989, the United States Environmental Protection Agency (EPA) proposed inclusion

of Fort Riley on the National Priorities List (NPL), and listed the installation on the NPL in August

1990, pursuant to the Comprehensive Environmental Response, Compensation and Liability Act

(CERCLA). The U.S. Department of the Army - Fort Riley, the KDHE and the USEPA entered

into a Federal Facility Agreement (FFA) (also referred to as the Interagency Agreement [TAG]) --

Docket No. VII-90-F-0015, to address environmental releases subject to CERCLA. The lAG,
which became effective in June 1991, required Fort Riley to conduct a systematic site assessment

to identify all potential areas of concern (PAOC) at Fort Riley. The systematic site assessment was

performed in 1992, with the results presented in the Installation Wide Site Assessment (IWSA)

(CEMRK, 1993a). The IWSA identified 24 groupings of PAOCs consisting of over 45 individual

PAOCs. Subsequent to the IWSA, site investigations were planned for three groupings of sites.

An SI for the first group, the Sensitive-Receptor lead sites, was initiated in June 1993. The

Sensitive-Receptor Lead sites were later incorporated into the second group, the High Priority sites.

The remaining sites identified in the IWSA as requiring further investigation, known as "Other

Sites", were included in the "Other Sites" SI program which was initiated in March 1994. A Site

Investigation (SI) of the OB/OD Area, which included geophysics, soil gas sampling, and

groundwater sampling, was performed in September-October 1993. Groundwater sampling was

again conducted in December 1995 as part of the confirmation groundwater sampling at Multiple

Sites (CEMRK, 1996a).

1.1 Purpose

The finding that prompted extension of the site investigation under CERCLA at the OB/OD Area

is the presence of chlorinated solvents in two of the monitoring wells (OB-93-03 and OB-93-04).

The elevated levels of chlorinated solvents, along with the discovery of a somewhat complex site

hydrogeology (a near-surface water table seeming to be in two independent saturated bedrock

formations, with possible groundwater divides in the area), dictated that further investigations be

performed to identify contaminant source location and potential migration paths. In contrast to the

chlorinated solvents, the types of contaminants originally suspected to be a potential problem (e.g.,

traces of explosives) are not currently considered to be a problem based upon discussions held 20

July 1995 with the EPA Region VII and Kansas Department of Health and Environment (KDHE)

(Berger, 1995).

Based on this information, it was decided by Fort Riley, KDHE, and EPA to further characterize

the nature and extent of contamination at the OB/OD Area. The purpose of this SI Report

Addendum is therefore to supplement the Site Investigation Report for High Priority Sites at Fort

Riley, Kansas (High Priority Sites SI) (CEMRK, 1994) for the OB/OD Area in particular by
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presenting a summary of previous site investigations, the 1997 SI activities, and a site

characterization based on the evaluation and interpretation of the results of those investigations.

1.2 Supporting Documents

Section 1.4 of the Draft Final Site Investigation for High Priority Sites at Fort Riley, Kansas

(CEMRK, 1994) lists supporting documents, which included information or procedures that were

used during the High Priority Sites S1. These documents, including both planning documents and

those related to previous investigations, pertain to this SI Report Addendum. In addition, the

following documents support these further investigations:

Quality Control Summary Report (QCSR) Confirmation Groundwater Sampling at the

Multi-Sites, Fort Riley, Kansas, February 1996 (CEMRK, 1996a).

* Data Summary Report (DSR) for Confirmation Groundwater Sampling, OB/OD, Fort Riley,

Kansas, June 1996 (CEMRK, 1996b).

0 Draft Final Sampling and Analysis Plan for Supplemental Site Investigation at the Open

Burn/Open Detonation Area, Fort Riley, Kansas, 10 April 1997 (CENWK, 1997a)

* Quality Control Summary Report (QCSR), Supplemental Site Investigation, Open

Burn/Open Detonation Area, Fort Riley, Kansas, November 1997 (CENWK, 1997b).

0 Technical Memorandum, Overview of Mobilization #1 Preliminary Findings and Proposed

Mobilization #2 Activities Open Burn/Open Detonation Area, Fort Riley, Kansas, 30 May

1997 (CENWK, 1997c).

0 Technical Memorandum, Mobilization #2 Activities Open Burn/Open Detonation Area, Fort

Riley, Kansas, 22 August 1997 (CENWK, 1997d).

0 Supplemental Technical Memorandum, Mobilization #2 Activities Open Burn/Open

Detonation Area, Fort Riley, Kansas, 4 November 1997 (CENWK, 1997e).

a Quality Control Summary Report, Supplemental Site Investigation, Open Burn / Open

Detonation Area, Fort Riley, Kansas, February 1998 (CENWK, 1998a).

Draft Data Summary Report, Groundwater Monitoring, Open Burn/Open Detonation Area,

Fort Riley, Kansas, February 1998 (CENWK, 1998b).

1.3 Scope and Objectives

The objective of an SI is to gather information to support a site decision regarding the need for

further action. To assist in making such decisions, the SI data are compared to comparative

regulatory or risk-based standards as a means to evaluate the potential for adverse impact to human

health or the environment. More specifically, the objectives of the SI at OB/OD Area were to:
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evaluate the possible source and extent of contamination;

evaluate whether any other contaminants at the site are co-contaminants with the
chlorinated solvent; and

clarify the local geology and movement of water within the different formations
that underlay this site.

The investigation approach for the SI is documented in the Draftfinal Sampling and Analysis Plan
(SAP) for the Supplemental Site Investigation at the Open Burn/Open Detonation Area, Fort Riley,
Kansas (CENWK, 1997a). Access to the OB/OD Area is highly restricted because it is used for
military training. As a result, the following SI field activities were conducted in a series of events
during inactive periods at the site, rather than being performed all at one time:

0 a preliminary investigation (Mobilization #1) which included installation of four
monitoring wells;

0 a passive soil gas demonstration test;

0 an investigation for further characterization of hydrogeologic conditions and extent
of contamination (Mobilization #2) which included installation of five sets of
vertically nested piezometers; and,

0 groundwater monitoring, including monthly water level measurements and
quarterly sampling and analysis.

1.4 OBOD Area

Presented below is the site description and operations history for the OB/OD Area.

1.4.1 Site Description

The OB/OD Area is located on Range 16 on the southern part of the Impact Area, approximately
2,300 feet north of Vinton School Road, as shown in Figures 1-1 and 1-2. The site lies on the Fort

Riley NE, Kansas USGS 7.5 minute quadrangle (USGS, 1992) in the Northeast quarter, Section

33, Township 10 south, Range 6 east. The location of the site based on the survey of piezometer
PZ-97-11 is Universal Transverse Mercator (UTM), Zone 14, North American Datum of 1983

(NAD 83) (x=693343, y= 4 334 939 ) which is approximately latitude 390 08' 31.88" and longitude
960 45' 46.16". The active portion of the site consists of an area approximately 1,000 feet by 350

feet. The site is located on gently sloping ground that is bordered on the north by a hill. The relief

between the OB/OD Area and the top of the hill is approximately 50 feet. The land north of the

OB/OD Area is part of the Impact Area for the surrounding training ranges. A mesic area is

located along the western boundary of the site. Open vacant fields surround the remainder of the
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site. For purposes of this SI, the OB/OD Area refers to the entire area shown in Figure 1-2

bounded on the east and west by southerly flowing intermittent streams.

As shown in Figurel-2, the OB/OD Area lies between two tributaries to Threemile Creek. Both

are intermittent streams. A mesic (commonly moist, intermittently wet) area approximately 700

feet by 600 feet in size (10 acres) is located between the OB/OD Area and the west tributary to

Threemile Creek. This area is .not listed as a wetland, however, on the USGS 7.5 minute

topographic quadrangles, the Fort Riley installation wetlands map prepared by the Defense

Mapping Agency, or the National Wetlands Inventory. The tributaries located to the east and west

of the site join about 1,000 feet south of the southern site boundary. This single tributary continues

south another 2,000 feet where it joins Threemile Creek. From this point, Threemile Creek flows

southeast and joins the Kansas River at the west side of Camp Funston. of the site join about 1,000

feet south of the southern site boundary. Surface water runoff from the active area is to the south

and west, towards the intermittent stream located to the west. As stated in section 4.5 of the Draft

Final Site Investigation for High Priority Sites at Fort Riley, Kansas (CEMRK, 1994), there are

no known uses of surface water as potable water within 15 miles downstream of the site.

Surrounding land use consists of military training grounds to the south, and an artillery and mortar

impact area to the north. There are leased croplands about three miles to the southeast and

southwest, and leased haylands south of Vinton School Road. Wildlife food plots are located within

one mile to the southwest. With rare exceptions (e.g., to perform the subject site investigations),

access to the OB/OD Area is constantly restricted to EOD personnel only. Even these personnel

only periodically enter the area, whenever there is a requirement to perform ordnance disposals,

etc. Human receptors within a 1-mile radius of the site include working personnel during OB/OD

activities, and other army personnel in areas adjacent to the OB/OD Area. The potentially affected

medium to which these receptors could be exposed is surface water (spring and intermittent

streams) when present. These receptors are considered transient, however, since they only use the

areas on a limited basis and do not regularly work or live at or near the site.

The nearest groundwater withdrawal well to the OB/OD Area is located at Range 18 approximately

4,220 feet to the east-southeast of the site. This well is only used at the Range 18 maintenance

facility for non-potable purposes. No other wells fall within the 1-mile radius. The next nearest

wells are the Ogden water supply wells located approximately 3 miles southeast of the site. The

nearest residence lies 2.5 miles to the east of the site, on Vinton School Road. The town of Ogden

lies between 3 and 4 miles to the southeast of the site (CEMRK, 1994).

1.4.2 History of Operations

The Explosive Ordnance Detachment (EOD) unit at Fort Riley recovers ordnance materials from

Fort Riley and from a multi-state area for the Department of Defense and other state and federal

agencies. Effective August 1991, the mission of the 74th EOD at Fort Riley, Kansas has been to

provide routine and emergency EOD support to military installations, operations, and exercises,

and to civilian and federal authorities within its assigned geographical area of operation. This area

of operation includes Kansas, Nebraska, parts of Missouri, and parts of South Dakota.
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The OB/OD Area is closely controlled. All access to the site is controlled by Range Control, and

each visit to the area requires pre-screening and a full-time escort consisting of a qualified

Unexploded Ordnance (UXO) contractor. The OB/OD Area includes several pits on the side of

a hill, as indicated in Figure 1-2. In the past, ordnance-related materials were burned in the North

and South Burn Pits, however, the burn pits are no longer active. Burning last occurred in the

North Burn Pit several years ago, according to the 74 "' Ordnance Company (Explosive Ordnance

Disposal), Fort Riley (EOD FR)(Communication with the EOD FR, 5 March 1997).

The 74th EOD Detachment currently performs ordnance disposal by open detonation, and

* previously by open burning at Range 16 within the Impact Area of Fort Riley. The area currently

used for this purpose is approximately 1,000 feet by 350 feet, and has been in use since 1941.

Open burning was conducted approximately once per year for ordnance materials containing

relatively small amounts of explosives. These include small arms, pyrotechnic rounds, black

powder, and phosphorous-based munitions. Open burning was performed at a specific, dedicated

location within the OB/OD Area, referred to as the North Burn Pit (open burn pit). This area

contained a small pit within the soil on which a metal grating rested. The pit measures

approximately 3 feet by 7 feet wide and is surrounded by a horse-shoe shaped embankment

extending to approximately 9 feet above the surrounding ground surface. Materials were burned

by dousing them with petroleum hydrocarbons (typically diesel fuel), and then igniting them.

Open detonation is the current means of disposal. Detonation is conducted whenever a sufficient

amount of materials has been received, typically on a quarterly basis. The quantity of materials

to be disposed of varies, but each detonation typically includes 50 to 500 rounds of high explosive

and propellant rounds; however, some detonations have included up to 2,000 rounds. The

materials are destroyed by detonation. The primary material used for detonation is C4 (91 % cyclo-

1,3,5-trimethylene-2,4,6-trinitramine (RDX) and 9% plastic desensitizer [typically wax-like

thermoplastic compounds of high molecular weight]) (Davis, 1943). Other materials used for

detonation include 2,4,6-trinitrotoluene (TNT) and "flexlinear" (a specific type of RDX; an

elongated cutting charge). Open detonation is conducted on the open ground, and this creates

crater-like pits in the natural soil of the OB/OD Area. These pits are the result of the detonations

and increase in size with use. The EOD also digs pits with a high-loader and/or backhoe. The pits

generally reach a maximum size of 10 to 20 feet deep and 25 feet in diameter. Open detonation

pits are filled in approximately once per year by backfilling the.blast-excavated soil surrounding

the pits.

At the time of the SI in 1993, three active detonation pits, one active (north) burn pit, and two

metal debris pits (Figure 1-2) were present. During the SI in 1993, a South Burn Pit was identified

approximately 300 feet south of the North Burn Pit. No information is available pertaining to the

origin or the time of formation of this pit. The pit is circular with a low (approximately 3 to 4 foot

high) berm of soil. The inner diameter is approximately 40 feet and the outer diameter is

approximately 70 feet.

1.5 Preliminary Evaluation of Regulatory Requirements

In accordance with CERCLA and the NCP, the need to pursue response actions at identified

contaminated sites is dictated by the need to be protective of human health and the environment
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and/or to be in compliance with applicable or relevant and appropriate requirements (ARARs) to

the extent that such compliance is practicable. The action threshold for protectiveness is typically

determined by performing site-specific human and ecological receptor evaluations and by

developing a quantitative baseline risk assessment for receptors which may be adversely impacted

by exposure to the contamination. Such evaluations and assessments are not typically performed,

however, at the SI stage. Similarly, a detailed ARAR evaluation is not typically performed at the

SI stage. Nonetheless, potential ARARs which contain quantitative thresholds are often used at the

SI stage (and earlier) to establish a conservative frame of reference with regard to chemical-specific

levels of contamination. Based on the confirmed presence of groundwater contamination and the

potential for at least transient discharges of site-related contamination to the nearby intermittent

streams, the following potential ARARs were evaluated for the purpose of identifying some

comparative chemical-specific levels to be used in this report:

* The State of Kansas Surface Water Quality Standards (KAR 28-16-28b);

* The Federal Safe Drinking Water Act (42 USC 300) and Amendments of 1996 (42 USC

201) National Primary Drinking Water Regulations (40 CFR 141); and,

The Federal Clean Water Act (33 USC 1251-1375) and Federal Surface Water Quality

Requirements (40 CFR 131).

The State of Kansas Department of Health and Environment (KDHE) has promulgated Surface

Water Quality Standards (KSWQS) which generally provide that: (1) levels of water quality in

surface waters of the state shall be maintained at levels which protect existing and designated uses;

(2) permanent degradation of existing water quality shall be avoided except where otherwise

approved by KDHE based on a showing of important social and economic considerations; and, (3)

artificial sources of pollution will not be allowed which result in harmful effects on populations of

threatened or endangered species. Numeric water quality criteria are provided for specified

pollutants based upon which designated use category a given surface water is placed in, although

KDHE reserves the authority to: (1) promulgate more stringent criteria if site-specific conditions

warrant it; and, (2) permit temporary sources of pollution producing only ephemeral surface water

quality degradation not harmful to existing or designated uses. The most stringent use category is

for surface waters which represent an actual or potential drinking water supply source. The

numeric water quality criteria established for this use category are the federal Maximum

Contaminant Levels (MCLs) for drinking water, which are further described in the following

paragraph. The least restrictive designation is found in the requirement that all classified surface

water shall be designated for noncontact recreational use and one of the three categories of aquatic

life support. In accordance with K.A.R. 28-16-28e(c)(2)(F) the numeric criteria for acute and

chronic aquatic life is applicable to these types of surface waters. The ultimate applicability of the

KSWQS to the contamination in surface waters at or near the OB/OD Area will depend on a

designated use analysis, although it is noted that these surface waters are not currently used for

agricultural water supply, domestic water supply, food procurement, groundwater recharge, or

industrial water supply. The designated beneficial uses of Threemile Creek are aquatic life support

and contact recreation.

The Safe Drinking Water Act (SDWA) is the federal statute which requires the regulation of public

water supply systems, including the creation of enforcement powers and penalty provisions. Under

the SDWA, a "public water supply system" is defined as a system for the provision to the public
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of piped water for human consumption if such system includes at least fifteen service connections

or regularly serves at least 25 individuals. Based on conservative exposure assumptions and human

health risk evaluations for specific chemicals, quantitative Maximum Contaminant Levels (MCLs)

have been established pursuant to the SDWA and the National Primary Drinking Water Regulations

for numerous chemicals. MCLs are sometimes used at CERCLA sites as action levels if

groundwater or surface water at or near the contaminated site is reasonably expected to migrate and

adversely affect a drinking water supply system in the future. This is not the case for the OB/OD

Area, however, because no threatened water supply systems exist in the vicinity of the OB/OD

Area. Nonetheless, because they are incorporated by reference into the KSWQS for surface waters

which represent a current or potential future water supply source, and because they represent one

of the few available and generally accepted chemical-specific standards, MCLs are used throughout

this report to provide a conservative risk-based comparison and frame of reference when presenting

and evaluating the identified levels of aqueous contamination associated with the OB/OD Area.

This is not intended to imply, however, that MCLs have been established as the applicable numeric

regulatory criteria for the OB/OD Area.

The Federal Clean Water Act (CWA) amended the Federal Water Pollution Control Act and is

intended to restore and maintain the chemical, physical and biological integrity of the nation's
"navigable" waters. The CWA regulates discharges of pollutants from any point source, including

both direct point discharges (ditches, culverts, pipes, fill, etc.) and indirect point discharges (via

waste water treatment facilities) into navigable waters of the United States. The Federal Surface

Water Quality Requirements (40 CFR 131) and the numeric Ambient Water Quality Criteria

(AWQC) were developed to evaluate constituents in surface waters for the protection of aquatic life

and for the protection of human health from the ingestion of contaminated water and/or organisms.

Under the CWA, these criteria are potentially applicable to all U.S. waters as defined therein. The

AWQC for the protection of aquatic organisms are based on two types of criteria: (1) acute criteria

representing the maximum concentrations permissible at any time; and (2) chronic criteria

representing the maximum permissible concentration averaged over a 24-hour time period. The

AWQC for the protection of human health are based on the daily ingestion of contaminated water

and/or the daily ingestion of contaminated organisms from surface waters. This type of exposure

does not occur in the general vicinity of the OB/OD Area.

Table 1-1 lists the relevant chemical-specific regulatory levels obtained from these regulations, to

the extent that they were available for the contaminants of potential concern identified for the

OB/OD Area. It is noted, however, that establishing site-specific numeric action levels and the

ultimate applicability of these (or any other) regulatory requirements is to be determined subsequent

to the SI stage of the CERCLA process.
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Table 1-1 Quantitative Criteria from Preliminary Evaluation of Potential ARARs
Chlorinated Solvent Contaminants

Ambient Water Quality Criteria (mgll) Drinking Water Standards** (mg/I)

Chemical For Aquatic Life For Human Health

Water & Organisms Maximum Contaminant Levels (MCLs)
Organisms Only

cis-1 -2-dichloroethylene 11.6a NAv NAv NAv 0.070

Trichloroethylene 45.08 21.90 0 .0 0 2 7 *b 0 .4 7 0 *b 0. 005

Tetrachloroethylene 5.28" 0.84' 0.0008 *b  
0 .00 88 5 *b 0.005

NAv Not Available.
a Insufficient data to develop federal criteria. Value presented is from Kansas Department of Health and Environment, Water Pollution Regulations,

adopted KAR 28.16.28e(c)(8)(d) Table 1A, January 1995.
b Federal Quality Criteria for Water- 1986. EPA 440/5-86.001, 1 May, 1987. Human health criteria for carcinogens reported for three risk levels. Value

presented is the most conservative (10') risk level and is based on conservative daily ingestion scenarios.
* 40 CFR 131.36 - Toxic Criteria for states not complying with Clean Water Act Section 303(c)(2)(B).
** Federal Maximum Contaminant Levels from Drinking Water Regulations, Office of Water, United States Environmental Protection Agency, October

1996. Also adopted as part of the State of Kansas Surface Water Quality Standards, which applies the federal MCLs to surface water bodies with a Use
Designation that includes the actual or potential use of the surface waters for domestic drinking water supply purposes. Kansas Department of Health
and Environment, Water Pollution Regulations, adopted KAR 28.16.28e(c)(8)(d) Table 1A, January 1995.
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2.0 PREVIOUS INVESTIGATIONS

This chapter presents a summary of the investigations conducted at the OB/OD Area prior to the

SI in 1997. The previous investigations discussed in the following subsections are the Impact Area

Investigation (1992), the Initial Site Investigation (1993), and the Confirmation Sampling (1995).

2.1 Impact Area Investigation (1992)

An environmental investigation was conducted for the Impact Area as a whole in 1992 (CEMRK,

1993b). The OB/OD Area is located within the Impact Area. The investigation consisted of the

installation and sampling of 10 groundwater monitoring wells around the perimeter of the Impact

Area and the collection of stream sediment and aqueous samples along intermittent tributaries

draining the Impact Area.

The Impact Area analytical results are deemed to be representative of ambient conditions since the

OB/OD Area is located within the Impact Area and any contaminants detected in the OB/OD Area

may be the result of Impact Area activities. Groundwater and stream samples were collected but

no soil samples were collected from the Impact Area as part of that study (Impact Area 5A).

It should be noted that the results for the 10 monitoring wells within the Impact Area cannot all be

directly compared since the wells are screened in different bedrock formations, and the wells are

located in different drainage basins. The only potentially hazardous substances detected in

groundwater were volatile organic compounds (VOCs), and some metals. The only analytes

exceeding MCLs in groundwater were sulfate and iron. The observed groundwater detections are

summarized in Table 3.15 of the Impact Area Site Assessment Report for Fort Riley, Kansas
(CEMRK, 1993b).

2.2 Initial Site Investigation (1993)

The SI program for the OB/OD Area which was conducted in September-October 1993 was

designed to collect samples from within pits that were active for burning and detonation of ordnance

at the time of sampling. These sampling locations were considered to be those most likely to
produce the highest concentrations of explosive residues, if any were present. In addition, soil

samples were collected from the surface and subsurface at locations throughout the OB/OD Area

to assess whether residual contamination was present from formerly used pits. Lastly, potential

migration of contaminants via surface water and groundwater was assessed at this time. Surface

water migration was assessed by sampling the intermittent tributary to Threemile Creek located
west of the site.

All samples (soils, groundwater, surface water and sediment) collected at the OB/OD Area were

analyzed for the following analytes using SW-846 methods (USEPA, 1986):

* Explosives using EPA Method 8330 High Performance Liquid Chromatography (HPLC),
• Priority pollutant (PP) metals using EPA Method 6010/7000 Series - Furnace Atomic

Absorption (AA) and Inductively Coupled Plasma (ICP), and
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Uranium using EPA Method 6020 - Inductively Coupled Plasma/Mass Spectroscopy

(ICP/MS).

Other parameters were also analyzed and are discussed, by media, in the following media-specific

capsule summaries for the investigation. The complete details of the investigation are reported in

the Draft Final Site Investigation for High Priority Sites at Fort Riley, Kansas (CEMRK, 1994).

2.2.1 Surface Soil

Eight surface soil (SS) samples were collected from within pits and across the OB/OD Area as

indicated on Figure 2-1.

In addition to the general parameters listed above, the one surface soil sample near the North Burn

Pit was also analyzed for VOCs using EPA method 8240 and semi-volatile organic compounds

(SVOCs) using EPA method 8270, because flammable liquids were acknowledged to be used at the

North Burn Pit. Surface soil samples collected at the opening of the North Burn Pit were analyzed

for total petroleum hydrocarbons (TPH) using EPA Method 8015, modified.

Also, two surface soil samples (SS1 and SS6) were analyzed for Toxicity Characteristic Leaching

Procedure (TCLP) metals using EPA Method 1311 for digestion and EPA Method 6010/7000

Series for measurement. Selection of samples for TCLP analysis was made based on the analytical

results for priority pollutant metals from samples having the highest total metals concentration.

2.2.2 Subsurface Soil

Eight soil borings (ranging in depth from 5 to 20 feet) were installed at locations indicated on

Figure 2-1. The boring logs are presented in Appendix A. Soil boring SB1 was also used for

installation of groundwater monitoring well OB-93-04. Three soil samples were collected from

each soil boring, except SB8, where only two samples were collected due to the shallowness of

bedrock at this location. A total of 23 subsurface soil samples were collected from these borings

and were subsequently analyzed.

In addition, two shallow soil borings were hand-augered near the opening of the North Burn Pit.

They were added during field activities because the high amount of UXO debris near the opening

of the North Burn Pit prevented use of a drill rig to collect deep soil samples. These samples were

designated SB10A and SB10B.

In addition to the general parameters listed above, the two subsurface soil samples collected from

boring SB8 were also analyzed for VOCs using EPA method 8240 and SVOCs using EPA method

8270.

Two subsurface soil samples (SB3 from 1.0 to 3.5 ft. bgs and; SB7 from 7.5 to 8.5 ft. bgs) were

analyzed for TCLP metals using EPA Method 1311 for digestion and EPA Method 6010/7000

Series for measurement. Selection of samples for TCLP analysis was made based on the analytical

results for priority pollutant metals from samples having the highest total metals concentration.
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2.2.3 Surface Water and Sediment

Two surface water and three sediment samples were collected along the tributary to Threemile

Creek west of the OB/OD Area as this intermittent stream was flowing at the time of sampling.

The sample locations are shown on Figure 2-1. Sediment samples were collected upstream from

the site, due west of the site, and downstream from the site. The surface water samples were

collected near the due west and downstream sediment sample locations. All samples were analyzed

for the general parameters presented above.

2.2.4 Groundwater

Four groundwater monitoring wells (OB-93-01 through OB-93-04) were installed and sampled.

The well locations are indicated on Figure 2-1. Coring of bedrock was performed during

installation of OB-93-04. The lithological logs, construction details, well specification forms, and

well development records for all four monitoring wells are presented in Appendix A.

In addition to the general parameters listed above, the groundwater samples were analyzed for

VOCs and SVOCs (using EPA Methods 8240 and 8270, respectively). Also, groundwater samples

were analyzed for anions, including the following: nitrate (Method 353.2), nitrite (Method 353.2),

sulfate (Method 375.4), and phosphate (Method 365.1) (USEPA, 1983).

2.2.5 Findings

As discussed in the Draft Final Site Investigation for High Priority Sites at Fort Riley, Kansas

(CEMRK, 1994), there were a few detections of explosive residues, metals, and ions in soils from

the demolition pit areas. There were no detections for SVOCs or explosives in groundwater. The

positive detections in groundwater include uranium, sulfate, nitrate, and one VOC

(trichloroethylene ITCE]). The highest concentration for uranium was reported for OB-93-01

(0.0057 mg/1 [0.0043 mg/1 in the duplicate sample]). The highest uranium concentration for

groundwater in the Impact Area investigation in 1992 was 0.0048 mg/l. The MCL for uranium

is 0.02 mg/l. The detected uranium concentrations do not exceed regulatory standards. Nitrate was

detected only in well OB-93-02 at 1.0 mg/l. Sulfate was detected in all four wells at 26 to 97 mg/l.

The detections of nitrate and sulfate do not exceed their respective MCLs of 10 mg/l and 500 mg/l.

The detections of TCE range from 1.3 jxgIl in OB-93-03 to 29 1Ag/1 in OB-93-04. The

concentration in OB-93-04 exceeds the MCL of 5 jg/l for TCE.

There were no detections of explosives in the surface water or sediment samples. The only

detection in the surface water samples was silver in the upstream sample (detected at 0.02 mg/l,

which is below the secondary MCL of 0.10 mg/l) and uranium in both samples (detected at 0.0021

to 0.0024 mg/l, well below the MCL of 0.02 mg/l).

The metals detected in all three sediment samples were arsenic, beryllium, cadmium, chromium,

copper, nickel, lead, zinc, and uranium. The concentrations in the upstream sediment sample were

the same (and sometimes higher) than the concentrations in the downstream sediment samples.

With the exception of beryllium, the detected concentrations for the OB/OD Area were below the

highest reported concentration for the Impact Area investigation.
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In an effort to determine past practices of the EOD and to determine the origin of TCE in the

groundwater at the OB/OD Area, personnel at the DES (formerly the DEH) (Fort Riley DEH,

1994) contacted a former EOD employee who participated in OB/OD activities during the 1960s.

This person stated that kerosene and diesel fuel were almost exclusively used for burning, except

for the occasional use of gasoline as a fuel during demonstrations. This former employee had no

knowledge of the use of TCE or the disposal of TCE at the site.

In addition, the commanding officer of the 74th EOD at Fort Riley at the time of the SI in 1993 had

no knowledge of the use or disposal of TCE at the site (CEMRK, 1994). Thus, the origin of the

TCE in the groundwater beneath the OB/OD Area continues to be unknown, but is considered to

likely be the result of a sporadic or one-time (rather repeated) practice. This conclusion is based

in large part on the fact that TCE was not detected in samples collected from other media at the site,

indicating that there does not appear to be a widespread source of TCE at the site. TCE is not

typically associated with munitions and ordnance or their disposal at OB/OD Area. Some TCE may

have been present in waste fuels used for burning at the site. The TCE fraction of the burn agent

may not have been completely combusted, leaving the TCE to migrate (via soil and surface water)

into the groundwater. TCE is a volatile organic with a low octanol carbon coefficient (Koc) of 126

milliliters per gram indicating that it is relatively mobile in the environment.

The surface soils in the OB/OD Area are mainly silts and clays. The overburden is 12 to 20 feet

thick in the area and can be characterized as clay with occasional limestone inclusions. There were

some damp zones observed in the overburden in October 1993. In the lower lying areas (e.g., well

OB-93-04), dampness was noted to begin about 10 feet below ground surface and intermittent water

was observed at the contact with the bedrock at approximately 20 feet below the ground surface.

The regional bedrock stratigraphy consists of alternating layers of limestone and shale that dip

slightly toward the west (Jewett, 1941). The shales have a much lower relative permeability than

the limestones.

As shown in Figure 2-1, four wells were installed, surrounding the suspect sources in the OB/OD

Area. Sustainable water-bearing zones were encountered during well installation activities in two

different formations, and the wells were screened in those formations. Wells OB-93-01 and OB-93-

02 were screened at elevations consistent with the Wymore Shale and Schroyer Limestone interface,

and wells OB-93-03 and OB-93-04 were screened in the deeper Threemile Limestone.

Coring of bedrock was performed during the installation of OB-93-04. Analyses of this core and

comparisons with regional stratigraphy (discussed in Chapter 4) allowed for the identification of

specific formations at this location. Well OB-93-04 penetrates overburden, the Schroyer

Limestone, the Havensville Shale and the Threemile Limestone. The well is screened, however,

in the Threemile Limestone. The other three wells were logged based on cuttings, and correlation

of stratigraphy at each location was performed with a lesser degree of confidence.
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2.3 Confirmation Sampling (1995)

Pursuant to the 20 July 1995 meeting between Fort Riley, KDHE, and the EPA, Fort Riley

completed a one-time round of confirmation groundwater sampling of several areas, including the

OB/OD Area. This groundwater sampling and analysis was conducted to confirm results from

previous rounds of sampling at these sites and to supplement the groundwater data base. Samples

were collected from the four monitoring wells in the OB/OD Area in December 1995 (CEMRK,

1996a and 1996b). Groundwater samples were analyzed for VOCs, SVOCs, explosives, nitrate,

nitrite, ortho-phosphate, sulfate, uranium, and PP metals. TCE was again detected in OB-93-03

(at 1.4 Mg/l) and in OB-93-04 (at 17 ug/l). The concentration in OB-93-04 again exceeded the

MCL of 5 ug/l for TCE. After the sampling event in December of 1995, no other site investigation

activities were conducted at the OB/OD Area until the field work associated with the SI Report

Addendum began in March of 1997.
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3.0 SITE INVESTIGATION (1997)

Based on the findings of the previous investigations at the OB/OD Area, it was determined that

additional site investigation (SI) activities were required. The objectives of the additional SI

activities were to:

evaluate the possible source and extent of contamination;

evaluate whether any other contaminants at the site are co-contaminants with the

chlorinated solvent; and

clarify the local geology and movement of water within the different formations

that underlay this site.

The approach for this work is documented in the Sampling and Analysis Plan (SAP) for the

Supplemental Site Investigation at the Open Burn/Open Detonation Area, Fort Riley, Kansas

(CENWK, 1997a). The following subsections present a summary of the activities conducted during

the supplemental SI work performed in 1997. Evaluations and interpretations based on the results

of this work (combined with the previous investigations) are presented in Chapter 4.

Access to the OB/OD Area is restricted because it, and adjacent areas, are used for military

training. As a result, the SI field activities had to be conducted in a series of field events during

inactive periods at the site. The following subsections thus discuss the SI activities as four different

events:

0 a preliminary investigation (referred to as "Mobilization #1");

0 a passive soil gas demonstration test;

* an investigation for further characterization of hydrogeologic conditions and extent

of contamination (referred to as "Mobilization #2"); and

0 groundwater monitoring.

3.1 Mobilization #1

The objectives of Mobilization #1 were to clarify the geology and hydrogeology of the area and to

screen for contamination. In particular, the assignment of observed rock units to the regional

stratigraphy and the determination of the gradient of the water in each water-bearing limestone was

planned. This information was to be used to guide the further evaluation of the area of

contamination in Mobilization #2.

Mobilization #1 was conducted from 17 March to 2 April 1997. Prior to commencement of site

activities, a UXO survey was conducted. No live UXO were encountered during the drilling
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operations at any of the monitoring well locations. A summary of UXO encountered is provided

in Appendix B.

3.1.1 Activities Conducted

On 21 January 1997, a site visit to the OB/OD Area was conducted as part of an effort to visually

inspect the geologic outcrops near the site in order to better understand the geology beneath the

OB/OD Area. Based on information gathered at this time and subsequent discussions from this

field trip, it was noted that the existing shallow monitoring wells (OB-93-01 and OB-93-02)

intersect the Schroyer Limestone. The deeper existing shallow monitoring wells (OB-93-03 and

OB-93-04) are confirmed to be screened in Threemile Limestone, as previously noted in the boring

logs.

At the commencement of Mobilization #1, the ground surface elevations at the proposed

monitoring well locations were surveyed. In addition, the top of the Havensville Shale was

surveyed at two locations where it outcropped near the OB/OD Area; one along a streambed to the

west within the EOD Range and the other along a reach of the same streambed near Vinton School

road, off-site from the OB/OD Area. The results showed that the Schroyer/Havensville contact

occurs at an elevation of 1138.87 feet in the streambed in the southern portion of the EOD Range,

and occurs at an elevation of 1132.69 feet along Vinton School Road. This represents a change

in elevation of 6.19 feet over a horizontal distance of approximately 2,400 feet in the east-west

direction (along the dip of the beds). This information was used for the following purposes:

to estimate the depths at which the formations would be encountered during drilling;

to confirm the formations in which the existing monitoring wells were screened and

installed during the initial 1993 SI; and,

to evaluate the magnitude of the regional dip (approximately 0.26 feet per 100 feet).

To accomplish these objectives, four monitoring wells were installed at locations shown on Figure

3-1. Table 3-1 lists the well construction information for the newly installed wells during

Mobilization #1, including the ground elevation at each well location, the total depth, interval cored

(if applicable), screened interval, and the formation in which the well is screened. During

Mobilization #1, a spring and a hand dug well were also discovered at the locations indicated on

Figure 3-1. Table 3-1 presents information on the measured elevations of the spring, the hand dug

well, and the Schroyer/Havensville contact (as discussed above). The lithological logs, construction

details, and well specification records for the monitoring wells are presented in Appendix A.

Two of the wells (OB-97-06 and OB-97-07) were screened across the Schroyer Limestone and the

upper portion of the Havensville Shale to compliment the two existing wells (OB-93-01 and OB-93-

02) which were screened across the Schroyer Limestone and lower portion of the Wymore Shale.

One well (OB-97-05) was screened in the Threemile Limestone to compliment the two existing

wells (OB-93-03 and OB-93-04) in that zone. A fourth well (OB-97-08) was installed in the

overburden and screened across the water table at a location between the OB/OD Area and the
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intermittent stream to the west to evaluate the potential for shallow groundwater discharges to the

intermittent stream.

Two of the wells were cored to improve the understanding of the stratigraphy; one (OB-97-05) was

cored into the Threemile Limestone, the other (OB-97-06) was cored into the Schroyer Limestone.

During installation of the wells, geologic logs and hydrogeologic observations were made and the

borings were geophysically logged (using a natural gamma technique). Geophysical logs were also

obtained for all four of the existing wells on the site. Groundwater screening samples were

collected from each saturated zone encountered during the installation of the new wells, and were

analyzed for VOCs, including chlorinated solvents. One well (OB-97-08) was also sampled and

analyzed for explosives and nitrate/nitrite since this was the well installed at the

overburden/bedrock interface in a location expected to intercept groundwater flow from the area

of the North Burn Pit and South Burn Pit (the suspected source areas).

Three of the four newly installed wells were developed at this time. The well development records

are presented in Appendix A. Due to the heavy rain experienced during this mobilization, the

development of OB-97-05 could not be completed and was delayed until Mobilization #2. No water

was added to the boreholes during drilling operations. Therefore, only formation water was

removed during well development. The results of the well development of OB-97-06, OB-97-07,

and OB-97-08 (volume, temperature, pH, conductivity, and turbidity) are shown in Table 3-2.

Groundwater screening water samples were collected from each of the newly installed monitoring

wells at discrete intervals (dependent on the existence of water) during the drilling operations: the

overburden/bedrock interface (based on auger drilling refusal), the Schroyer Limestone horizon,

and the Threemile Limestone horizon. Additional groundwater screening samples were collected

within the Havensville Shale at OB-97-07, from the spring, and from the hand dug well. Table 3-3

lists the groundwater sample depth, formation, date of collection, and the positive detection

analytical results.

Based on the analytical results shown in Table 3-3, the highest concentration of TCE (570 pg/1) was

detected at the OB-97-07 well location, which is screened in the lower portion of the Schroyer

Limestone and the upper portion of the Havensville Shale. VOC contaminants are also present to

some extent at all other well locations installed during this mobilization; with TCE being the

predominant contaminant. Concentrations of TCE were also detected in the hand dug well and

spring (100 to 300 pg/l respectively).

Table 3-4 presents the groundwater elevations measured in both the existing wells and the wells

installed during Mobilization #1. These elevations were measured over a 10-day period from 19

to 29 March 1997.

The types of Investigation Derived Waste (IDW) water that were generated and containerized

during these field investigations included formation water from drilling, purge water from well

development, and purge water from groundwater sampling. The IDW water generated during well

installation was containerized daily in a tank located inside the OB/OD Area. Purge water collected

during the monitoring well groundwater sampling event that followed the well installation was

similarly managed.
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Soil IDW was not containerized, but rather was returned to the ground at the site. This includes

soil cuttings from the hollow stem auger and the air-rotary rigs.

3.1.2 Deviations from the Sampling and Analysis Plan

The following deviations from the Sampling and Analysis Plan were made during the execution of

the Mobilization #1 activities:

0 A spring and hand dug well were discovered to the west of the OB/OD Area during

Mobilization #1. A grab sample was collected from each of these locations and analyzed

for VOCs, SVOCs, explosives, and nitrate/nitrite.

* Additional elevation surveys were performed at the hand dug well, spring, and two outcrop

areas near the OB/OD Area.

* OB-97-08 was installed as a permanent monitoring well because of the large amount of

groundwater encountered at this location during the drilling operation.

0 At OB-97-07, auger refusal did not occur until an elevation corresponding with the bottom

of the Schroyer Limestone; therefore, the well was completed in the bottom of the

Schroyer Limestone and top of the Havensville Shale.

0 Groundwater screening samples were collected from OB-97-05 at the Schroyer Limestone

and Threemile Limestone because they were the only two depths with sufficient water to

sample.

Three additional post-development samples were collected and analyzed for VOCs (Method

8260) at OB-97-06, OB-97-07, and OB-97-08 to help further characterize the groundwater.

Geophysical logging of OB-97-05 was delayed until Mobilization #2. Impact well IZ92-

010 and an outcrop were also geophysically logged (Appendix D). The location of well

IZ92-010 and the outcrop are shown on Figure 1-1.

All monitoring wells were planned to be installed using a hollow stem auger rig through

the overburden material, followed by use of dual tube reverse air rotary drilling to advance

the borehole through bedrock. Straight air rotary method was used instead of the dual tube

reverse method for both drilling and coring. The dual tube method could have been used

for the drilling (but was inadvertently omitted), however, the coring could not have been

performed with the dual tube air rotary equipment. Air coring was considered

advantageous over water coring to avoid the toss of water to the formation.

3.2 Passive Soil Gas Survey Demonstration Test

As part of the SI, a passive soil gas survey method was tested within the OB/OD Area. The

purpose of the test was to evaluate whether this technique could be effective in delineating the

pattern of VOCs in the groundwater. The survey method generally consisted of installing soil gas
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detectors (GORE-SORBER Screening Modules) in shallow borings and then collecting them at a

later date for laboratory analysis. On 16 April 1997, a total of six detectors were installed in 1/2-

inch borings at depths of 3 feet, in a radial pattern of about 20 feet to the west, north, and east of

wells OB-97-07 and OB-97-05. These two wells had the highest levels of VOCs detected in

Mobilization #1. The detectors were collected on 8 May 1997 and analyzed. PCE was detected

in five samples at 0.03 to 0.10 mg/sorber, and TCE was detected in one sample at 0.03 ptg/sorber.

As these levels were just above the method detection limits (MDLs), their concentrations would be

expected to decrease below the MDLs as detectors are moved away from areas of known

contamination. Because the samples arrived at the laboratory at 20.6 C (above the generally

accepted level for shipment of environmental samples) the results are considered qualitative. The

analytical report is provided in Appendix C. It is believed that the reason for only detecting low

levels of PCE in the soil gas detectors above known contaminated groundwater lies in the fact that

the shale (layer of low permeability) overlying the groundwater impedes the upward migration of

soil gas from the groundwater to the detector. Based on the low levels detected and this vertical

barrier limitation, a more extensive deployment of passive soil gas detectors at the OB/OD area was

not considered suitable and was, therefore, not recommended or pursued.

3.3 Mobilization #2

The original objectives of Mobilization #2 were to use the geologic information (confirmation of

geologic profiles), hydrologic information (gradients in each of the saturated formations), and new

chemical screening results obtained during Mobilization #1 to install four additional wells to

evaluate the observed chlorinated solvent contamination and possible source. Secondarily, wells

would be located in the interest of forming a monitoring network around the OB/OD Area.

The hypothesis upon which this supplemental investigation was based is that the chlorinated solvent

contamination was originally released onto the surface of the site in the burn pits. Based on

information provided by the 74' EOD-FR, the South Burn Pit is inactive and has not been in use

for some time. The North Burn Pit is active, but has not been used as a burn pit at least for the past

several years since open detonation is the current disposal/destruction method of choice. There are

no industrial facilities in the area that might account for the contamination. No VOCs were

detected in near-surface soil in or near the North Burn Pit. Samples collected near the South Burn

Pit during the installation of OB-93-04 were not analyzed for VOCs. Sediment and surface water

samples collected from the stream to the west were also not analyzed for VOCs. Thus, additional

wells needed to be placed to further evaluate the possible source and extent of contamination.

The data collected during Mobilization #1 raised several new questions regarding the presence of

VOCs at the site and their migration. Specifically, source areas were not yet identifiable and the

contaminant migration pathways in groundwater were not well understood. Insufficient information

was currently available to clearly establish locations for additional investigation that would be

expected to provide data (in a cost-effective manner) on source areas and contaminant delineation.

Therefore, the objectives of the Mobilization #2 activities were changed as follows (CENWK,

1997c):

Gather sufficient information to predict groundwater flow patterns; this requires an

understanding of the origins of the groundwater moving through the site, the formations
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that are serving to initiate contaminant migration from the source areas, and the movement

of water within and between formations downgradient of the site.

Gather sufficient information to assess and/or predict the migration of contaminants from

the site for purposes of establishing an appropriate investigative effort in a subsequent

effort (e g., placement of additional groundwater monitoring wells) and for establishing an

effective groundwater monitoring network.

Assess potentia -migration pathways between surface water and groundwater through the

presence of the springs and nearby intermittent streams.

Because the inter-relationship between groundwater in different formations at a given location was

not well understood, vertically nested piezometers were proposed in lieu of monitoring wells.

Nested piezometers represent multiple, small diameter (1-inch) piezometers screened at different

elevations in the same borehole. The screened interval of each piezometer is short (1 foot) so that

measured groundwater information can be correlated with a specific vertical horizon. The use of

nested piezometers also allows for the long-term assessment of the presence of groundwater within

different formations (e.g., the Kinney Limestone and Wymore Shale); allows for the comparison

of groundwater elevations across the site within very discrete zones to better assess groundwater

flow directions; allows for an assessment of vertical migration; and provides access to a specific

horizon for purposes of collecting groundwater screening samples to better assess the distribution

of contaminants across the site.

3.3.2 Activities Conducted

Mobilization #2 was conducted from 1 June to 5 July 1997. Activities performed during

Mobilization #2 included the installation and development of five nested piezometers; geophysical

logging of the five pilot boreholes and existing monitoring well OB97-05; surveying of all wells,

piezometers, and sampling locations for elevation and horizontal coordinates; and, sampling. These

activities were all conducted from 1 to 19 June, except for the purging of the piezometers, which

was conducted on 4 to 5 July 1997. This section summarizes the field activities conducted during

Mobilization #2. Additional details are provided in Technical Memorandum #2 (CENWK, 1997d

and 1997e). No live UXO were encountered during the drilling operations at any of the piezometer

locations. A summary of UXO encountered is provided in Appendix B.

3.3.2.1 Nested Piezometer Construction

Five nested piezometers were installed at the OB/OD Area during Mobilization #2 between 1 and

19 June 1997. The locations of the piezometers are shown on Figure 3-2. The lithological logs

are presented in Appendix A and the piezometer construction data is presented in Table 3-5. The

survey data for the eight existing wells, the five piezometers, and other site features are presented

in Table 3-6.

The locations for the nested piezometers were selected to provide data while avoiding areas that

would interfere with use of the range and/or be susceptible to damage due to activities at the range.

A description of these locations, which are shown in Figure 3-2, is presented below:
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OB-97-09PZ - Located at the top of the rise north of the OBOD Area. The purpose of this nest

is to evaluate the origins of water that may be flowing through the OB/OD Area.

Specifically, this nest would evaluate the presence of water in the Florence
Limestone, the Blue Springs Shale, the Kinney Limestone, the Wymore Shale, the
Schroyer Limestone, and the Havensville Shale. Since the Florence Limestone was
projected to occur at an elevation of 1212 to 1242 feet, the location of this PZ was
selected to be well above the top of the Florence and away from the exposed edges
of the Florence which may have temporal effects of recharge and discharge. This
borehole was advanced to an elevation of approximately 1132 feet msl, in the
Havensville Shale.

OB-97-10PZ - Located adjacent to OB-93-01 at the northeast corner of the loop road within the
OBOD Area. This location was selected to assess groundwater on the eastern
portion of the site and, in conjunction with other piezometers, to assess the
possible presence of a groundwater divide. This nest was to evaluate the Kinney
Limestone, the Wymore Shale, the top of the Schroyer Limestone, the bottom of
the Schroyer Limestone, and the Havensville Shale. This borehole was advanced
to an elevation of approximately 1134 feet msl.

OB-97-1 1PZ - Located adjacent to the North Burn Pit on the northeastern side of the berm. The
stratigraphic position, drilling depths, and formation screened are similar to those
of both OB-97-10PZ and OB-97-12PZ. This nest was intended to assess whether
the water flowing out of the spring on the southwest of the burn pit, which
contains TCE, is being fed by the Kinney Limestone.

OB-97-12PZ - Located approximately 150 feet due north of OB-97-05. This location was selected
to assess the northwestern portion of the site, north (and in the apparent upgradient
direction) of the detections of TCE in the Schroyer Limestone at OB-97-05. This
nest is located at a similar stratigraphic position as both OB-97-1OPZ and -11PZ,
and the depth drilled and the formations screened are similar. This nest, in
conjunction with OB-97-1OPZ and OB-97-11PZ, provides for an evaluation of
groundwater across the OB/OD Area from west to east.

OB-97-13PZ - Located adjacent to wells OB-93-04 and OB-97-07. This nest is located lower in
the stratigraphic column than the other nested piezometer locations. The
formations to be screened include the Wymore Shale at an elevation approximately
five feet above the top of the Schroyer Limestone, the top of the Schroyer
Limestone, the bottom of the Schroyer Limestone, and the top and middle of the
Havensville Shale. In conjunction with OB-97-1OPZ and OB-97-13PZ, this nest
provides data on groundwater flow from north to south across the OB/OD Area.
This nest would also provides information on the potential for vertical migration
from the Schroyer Limestone to the Havensville Shale. The borehole for this

piezometer was drilled to an elevation of approximately 1126 feet msl.

Prior to the commencement of drilling activities for the nested piezometers, the ground surface

elevations at the proposed locations were surveyed. As the proposed screen intervals for
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piezometers OB97-10 through OB97-12 were the same, their locations were adjusted so that the

ground surface elevation for each location was within 2 feet. Accurate elevation data were

important prior to drilling as the limestone formations at the site are relatively flat lying, and the

elevation at which these formations might be expected to be encountered was known from previous

drilling and logging activities performed at the site.

Drilling was performed using air rotary drilling techniques. Coring was performed at one

piezometer location (OB-97-13PZ) from 17.4 feet below ground surface (bgs) to 26.5 feet bgs.

Upon completion of each boring an 8-inch inner diameter polyvinyl chloride (PVC) casing was

installed temporarily to prevent collapse of the sidewalls.

Upon completion of the five borings, downhole geophysical logging was performed using a gamma

logging tool. Logging of monitoring well OB-97-05 was also performed during this mobilization.

The geophysical logs, printed at a scale of 1 inch equals 10 feet, are included in Appendix D. The

drilling logs and geophysical logs were used to select the screen intervals for each piezometer.

Each piezometer is constructed of 1-inch diameter schedule 80 PVC and the screen sections for

each are approximately 1-foot long, with the exception of the piezometer OB97-09PZ screening the

Florence Limestone. The screen interval for this piezometer is approximately 2-feet long. Six

nested piezometers were installed at piezometer location OB97-09PZ and five nested piezometers

were installed at the other four piezometer locations. Each piezometer was constructed in a similar

fashion by first backfilling the boring with bentonite to a depth approximately 1.5 feet below the

proposed depth of the lowest piezometer. Time delayed bentonite pel-plug was used to allow the

bentonite time to fall through the water before hydrating. The bentonite seal was allowed three

hours to hydrate before the sand/filter pack and piezometer was set. All piezometer casings at each

location were cut to the same elevation and notched for identification purposes. The deepest

piezometer at each location had no notches with each consecutively shallower piezometer having

one more notch than the previous piezometer. For example, the deepest piezometer at OB-97-09PZ

is identified as OB-97-09PZ(O), and the uppermost piezometer is identified as OB-97-09PZ(5). The

well specification forms are provided in Appendix A.

3.3.2.2 Well Development

During drilling operations at piezometer OB97-13PZ, groundwater was forced from monitoring

well OB97-07, located approximately 10 feet to the west. It was therefore necessary to redevelop

this well. Redevelopment took place on 17 and 18 June 1997.

Monitoring well OB97-05 was also developed on 10 June 1997 during Mobilization #2 as it was

not completed during Mobilization #1 due to the heavy rains. Well development records are

included in Appendix A and the well development results (volume, temperature, pH, conductivity,

and turbidity) of both wells are summarized in Table 3-2.

3.3.2.3 Piezometer Purging

It was planned to remove 3 well volumes from each piezometer and to collect a grab sample. Due

to the narrow diameter and depths of the piezometers, conventional pumps could not be used. On
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17 June 1997, purging of the piezometers commenced at OB97-13PZ using inertial (jiggle) tubes.

However, purging using this method also could not be completed due to limitations of the jiggle

tubes. The limitations of the jiggle tubes were the depths of the piezometers (particularly at OB97-

09PZ) and the shallow head in many of the piezometers (the jiggle tubes will not lift water if there

is not sufficient head in the piezometer - a water column of at least 1.5 feet). It was therefore

decided to use air lift methods to purge the piezometers. The purge logs are presented in Appendix

A.

On 4 July 1997 the piezometers were purged using air lift methods. Before purging, a round of

groundwater level measurements and photoionization detector (PID) readings were recorded. An

injection tube was used to deliver air to the bottom of each piezometer, forcing water up the

piezometer casing. At each piezometer cluster, the deepest piezometer was purged first. Each

piezometer was purged to dryness. Purge water from OB97-09PZ and OB97- 1 OPZ was discharged

to the ground. Purge water from OB97-1 1PZ, through OB97-13PZ was containerized. Table 3-7

summarizes the total purge volume collected from each piezometer.

3.3.2.4 Groundwater and Surface Water Sampling

As the piezometers could not be purged with inertial tubes, grab samples were not collected from

all the piezometers. Only one sample from OB97-13PZ(2) was collected from the piezometer

screened in the Schroyer Limestone and analyzed for VOCs. The spring and hand dug well were

also sampled. These results are presented in Tables 3-8 and 3-9.

Surface water sampling was not performed as the flow in the two streams bordering the OB/OD

Area had low and intermittent flow. Proposed sample locations were surveyed.

3.3.2.5 IDW

Drill cuttings generated during drilling operations were staged on plastic sheeting at each borehole

and headspace screening using a PID was performed on samples from each interval encountered.

All drill cuttings with a PID response less than 1 ppm were spread on the ground surface near each

borehole. Only drill cuttings from OB97-1 1PZ exhibited a PID greater than 1 ppm and so these

were containerized in seven 55-gallon steel drums and staged on site. Cuttings from all other

boreholes were spread on the ground surface following screening. A composite sample of the soil

from five of the seven drums was collected on 19 June 1997 and analyzed for VOCs.

With the exception of OB97-09PZ and OB97-10PZ, all groundwater generated during drilling

activities was containerized and placed in the IDW tank with purge water from Mobilization #1.

As OB97-09PZ is located in an upgradient location and VOCs have not been detected in the eastern

portion of the site near OB97-10PZ, groundwater from these locations was not containerized. The

contents of the IDW tank were aerated during Mobilization #2 activities and a sample of the tank

contents was collected on 19 June 1997 and analyzed for VOCs. The results for the IDW analysis

(CENWK, 1997b) showed that there were no detections in the soil and that all detections were

below the MCLs in the water. Therefore, on 27 August 1997, the soil IDW was spread on the

ground, the drums were removed, and the water IDW was discharged to the ground.
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3.3.3 Deviations from the Planned Activities

The deviations from the planned activities were as follows:

Grab samples were not collected from the piezometers as planned because of the difficulties

in purging the piezometers.

Surface water sampling of the intermittent streams was not conducted because they were

dry. However, the proposed surface water sampling locations were located and surveyed.

The five stream locations (and the spring) are shown in Figure 3-3. Surface water location

OB-97-SW5 is at the same location as the outcrop on the east side of the intermittent stream

to the south of the OBOD Area (confluence of the two intermittent streams that bound the

site on the east and west). This outcrop is identified in Table 3-1.

The number of piezometers installed (26) was changed from the proposed number (28)

based on a review of the drilling logs and geophysical logs. The number of screens

completed in each nested piezometer is summarized as follows:

No. of Screens Planned Completed

per Piezometer

OB-97-09PZ 5 6

OB-97-1OPZ 6 5

OB-97-11PZ 6 5

OB-97-12PZ 6 5

OB-97-13PZ 5 5

Total 28 26

The amount of coring conducted at OB97-13PZ was reduced from the proposed 25 feet to

approximately 10 feet based on the materials encountered. The coring did however reveal

the Schroyer Limestone/Havensville Shale contact, which partially fulfilled the purpose of

coring. As the upper portion of the Schroyer was absent, the entire thickness could not be

cored as planned.

3.4 Groundwater Monitoring

Groundwater monitoring, in the form of monthly elevation measurements and quarterly sampling

and analysis, was conducted at the OB/OD Area.
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3.4.1 Groundwater Elevations

After the installation of the nested piezometers, the plan was to measure groundwater elevations

whenever site access can be arranged in addition to measuring the elevations as part of the sampling

events. Monthly groundwater elevations were measured on 27 August and 14 October 1997, but

site access was not available in November 1997. These data are presented in Table 3-10.

Concurrent with the OB/OD field activities, USGS installed remote access automatic data loggers

in each piezometer in OB-97-09PZ and OB-97-13PZ on 3-4 September 1997. USGS then installed

remote access automatic data loggers in OB-93-01, OB-93-02, OB-97-06, and OB-97-1 1PZ(1) on

2 December 1997.

3.4.2 Groundwater Sampling and Analysis

Periodic groundwater samples were to be collected from all wells at the OB/OD Area, including

the existing wells installed in September-October 1993 and the new wells installed in 1997. The

wells would be sampled after well development and would be dependent on coordination for access

when the OB/OD Area is not reserved for training activities. Groundwater samples collected

during the groundwater sampling event following the well installation mobilizations were to be

analyzed for the same suite of analytes as in the initial 1993 SI (CEMRK, 1993c and CEMRK,

1994) and the December 1995 sampling (CEMRK, 1996a). The analytical method for TCL

volatile organics was changed from EPA 8240 to EPA 8260 pursuant to EPA recommendations in

Test Methods for Evaluating Solid Waste (USEPA, 1986, Update III), that the use of method 8240

be eliminated. The methods differ in the type of chromatography column employed; the analyte

list and analyte quantitation limits are the same for both methods. The analytes and methods

(USEPA 1986, USEPA 1983) included:

• Explosives Method 8330/HPLC
* Target Compound List (TCL) Method 8270/GC-MS (EPA Method

Semi-Volatile Organics (SVOCs) 3510B is used for sample preparation)

Target Compound list (TCL) Method 8260
Volatile Organics (VOCs)

* Priority Pollutant Metals (13) Method 7000 series/AA and 6010/ICP
• Nitrate Method 353.2 Colorimetric
* Nitrite Method 353.2 Colorimetric
• Phosphate (ortho) Method 365.1
• Sulfate Method 375.4

3.4.2.1 September 1997 Sampling Event

The first periodic sampling event for the OB/OD Area since the installation of the wells and

piezometers in 1997 was performed between 1 and 5 September 1997. Analytical results are

provided in the QCSR (CENWK, 1997b) and summarized in Tables 3-8 and 3-9.

The results for samples collected from OB-97-1OPZ(0), OB-97-1 1PZ(0), and OB-97-12PZ(0) are

presented as the highest values of the original analysis and reanalysis. These samples were
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reanalyzed as the matrix spike/matrix spike duplicate (MS/MSD) samples in the Quality Control

(QC) batch were inadvertently not spiked by the laboratory. All associated QC for the Batch were

within control criteria. The samples were preserved at the recommended storage temperature (4

degrees C) following collection and reanalyzed one day beyond hold with all QC within control

limits. Although two analyses were performed, any analytes detected in either analysis was

reported. Therefore, as the samples affected are screening samples, the data quality objectives to

determine the presence or absence of contaminants were met and no data qualifications were made.

The scope of work was modified such that during this initial round of sampling, the wells,

piezometers, and surface water locations would only be analyzed for VOCs. In future events, the

wells and surface water locations would be analyzed for only VOCs and SVOCs. The piezometers

would only be sampled once as a baseline as they were primarily installed to provide groundwater

elevation data and not to be periodic sampling points.

The static water levels were first measured on 2 September 1997 at all the groundwater monitoring

wells, the five nested piezometers, the hand dug well, and the spring. The groundwater levels are

presented in Table 3-10. For the monitoring wells and piezometers, the field parameters;

temperature, pH, conductivity, and turbidity were measured for each well volume purged. In

addition, for the hand dug well, the same four field parameters were measured before sample

collection. The groundwater monitoring wells were sampled with dedicated bladder pumps. In

addition, the hand dug well was sampled using a surface water sampler. A field blank was

collected from the sampling equipment used to collect the hand dug well sample. For the

monitoring wells, three well volumes were purged following methodologies outlined in the

Comprehensive Basic Documents for Site Investigations at Fort Riley, Kansas (CEMRK, 1995)

prior to collection of each sample. The following piezometers were purged dry prior to removal

of one well volume and were allowed to recharge prior to sampling without further purging:

OB97-10PZ(O), (1), and (3); OB-97-1 1PZ(O); OB-97-12PZ(0) and (3); and OB-97-13PZ(O), (1),

and (3).

No surface water samples were collected as the spring and the five planned surface water sampling

locations were all dry. However, on 26 September 1997, a sample was collected from OB-97-

SW2, the only surface water location with water in it. The results were non-detect for VOCs. All

the groundwater and surface water samples were analyzed for only VOCs.

No samples were collected from 8 of the 26 piezometers as they were dry [OB-97-09PZ(2), and

(5); OB-97-10PZ(4); OB-97-11PZ(2), (3), and (4); and OB-97-12PZ(2) and (4)]. Due to

previously observed effervescence caused by reaction of the calcium carbonate in the groundwater

originating from the limestone with the acid preservative in the sample container, VOC samples

collected from OB-97-09PZ(O), (3), and (4); OB-97-1OPZ(O), (1), (2), and (3); OB-97-1 1PZ(0) and

(1); OB-97-12PZ(O); OB-97-13PZ(O), (1), (2), (3), and (4) were not preserved with acid. This

corrective action was implemented to mitigate the effect of the acid, but necessitated an expedited

holding time of seven days.

In this September 1997 event, wells OB-97-07 and OB-97-08 have the highest and second highest

concentrations of TCE, at 400 ug/l and 200 4g/l, respectively. The concentration of TCE

decreased from 570 to 400 Mg/l at OB-97-07 while the concentration of TCE increased from 99 to
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200 ug/l at OB-97-08. The concentrations of TCE in hand dug well increased from 100 to 260

pg/l while the concentration of TCE in the spring decreased from 300 to 190 ug/l. These values

all exceed the MCL of 5 pg/l for TCE. Tetrachloroethylene (PCE) was also detected at 14 pg/l
in OB-97-07 and at 8.0 ug/l in OB-97-08, which also exceeds its MCL of 5 pg/1.

The groundwater levels were remeasured on 5 September 1997 to compare electric water level

meter measurements to chalked steel tape measurements. These results are presented in Table 3-11.

3.4.2.2 December 1997 Sampling Event

The second periodic sampling event for the OB/OD Area since the installation of the wells and

piezometers in 1997 was performed between 1 and 5 December 1997. Samples were analyzed for

VOCs and SVOCs. Analytical results are provided in the QCSR (CENWK, 1998a) and are

discussed in the DSR (CENWK, 1998b). The results are summarized in Table 3-12.

Groundwater elevation data were collected on 1 December 1997 at eight monitoring wells and five

nested piezometers. There were eight dry piezometers [OB-97-09PZ(2), and (5); OB-97-1OPZ(4);
OB-97-1 1PZ(3), and (4); OB-97-12PZ(2) and (4); and OB-97-13PZ(4)]. In addition, surface water

elevations were measured at two surface water locations and the spring. The hand dug well was

sampled on 1 December 1997 using a surface water sampler. After monitoring well OBHD-97-14

(also referred to as FPHD-97-14) was constructed at the hand dug well for safety reasons, the

groundwater level was measured on 5 December 1997 and this new well was sampled. The

groundwater elevation data are presented in Table 3-10. Well construction information for OBHD-

97-14 is provided in Appendix A.

VOCs were detected above the Sample Quantitation Limits (SQLs) at 4 of the 9 monitoring wells,

the hand dug well, and the spring. There were no detections of SVOCs in any of the groundwater
or surface water samples.

TCE exceeded the MCL of 5 jg/1 in four wells (OB-93-04, OB-97-07, OB-97-08, the hand dug

well) and the spring. The highest total concentration of VOCs was detected in monitoring well OB-

97-07. TCE was detected at 530 ug/l and tetrachloroethylene (PCE) was detected at 14 g/ 1.
These levels exceed the 5 ug/l MCL for both PCE and TCE. The spring had the second highest
concentration of PCE at 3.1 Mg/1 . Monitoring well OB-97-08, the spring, aid the hand dug well
had the second highest concentration of TCE at 110 Mg/1 . The concentration of TCE in the field

duplicate of OB-97-08 was higher at 120,ug/l. PCE was also detected in the field duplicate of OB-

97-08 at 3.3 ig/Il, although it was not detected in the record sample. The highest concentration of
cis-1,2-DCE was in OBHD-97-14 at 82 jg/l, which exceeds its MCL of 70 g/1l. Wells OB-93-04
and OBHD-97-14 also had detections of TCE above the MCL of 5 Mg/l at 15 pg/l and 63 jg/1,
respectively.

The results of the hand dug well and monitoring well OBHD-97-14 were compared. The

concentrations of 1,2-DCE (total) doubled from 46.4 Mg/l to 88 Mg' 1, while the concentration of

1,1,2,2-tetrachloroethane decreased by one-half from 33 Mg11 to 15 pg/l, and the concentration of

TCE decreased also by one-half from 110 Mg/ to 63 Mg1l. 1,2-DCE is the total of cis-1,2-DCE and

trans-1,2-DCE.
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3.4.2.3 Comparison of December 1997 to September 1997 Sampling Events

While the PCE concentration (14 g/1l) in well OB-97-07 in December 1997 remained the same as

in September 1997 sampling event, the concentration for TCE increased (530 MIg/1) compared to

the concentration previously detected in September 1997 (400 Mg'l).

The PCE concentration in well OB-97-08 decreased from 8.0 Mg/ 1 in September 1997 to non-detect

in December 1997. The TCE concentration in well OB-97-08 decreased from 200 Mg1 in

September 1997 to 110 Mg1l in December 1997.

The TCE concentration remained about the same for OB-93-04 at 15 Mg1l for December 1997

sampling event compared to the September 1997 (17 g/l) sampling event.

The TCE concentration (110 jg/1) in the hand dug well in December 1997 decreased compared to

the concentration detected in September 1997 (260 jig/l). The concentration of TCE detected in

the water after the hand dug well was made into a monitoring well decreased to 63 Mgl in

December 1997.

The spring was not sampled during the September 1997 mobilization due to insufficient water.

Comparison of the December 1997 results to those obtained for June 1997 show a decrease in

concentrations of TCE (from 190 to 110 pg/ 1), PCE (from 4.9 to 3.1 ug/1) and 1,1,2,2-

tetrachloroethane (from 67 to 42 Mg/ 1).
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Table 3-1 Well Construction Data for Mobilization #1

Well ID Dates of Ground Total Interval Screened Formation
Drilling Surveyed Depth Cored Interval Screened

(1997) Elevation (ft.bgs) (ft.bgs) (ft.amsl)
(ft.amsl)

OB-97-05 3/20-3/30 1178.39 73 32.5-73 1115- Three Mile
1105 Limestone

OB-97-06 3/19-3/23 1173.44 36.5 27.5-42* 1126.5- Schroyer
1136.5 Limestone

OB-97-07 3/21-3/23 1158.59 30 NAp 1140- Schroyer
1130 Limestone/

Havensville
Shale

OB-97-08 3/21-3/24 1157.97 18 NAp 1149- Wymore Shale
1139

Hand Dug NAp 1155.28 NAp
Well (top of
angle iron)

Hand Dug NAp 1145.98 NAp
Well (top of
water)

Spring (top of NAp 1163.47 NAp
water)

Bottom of NAp 1138.87 NAp
Rock Ledge
on East Side
of Creek+

Bottom of NAp 1132.69 NAp
Rock Ledge
South of
Vinton
School Road
Bridge

NAp - Not Applicable; ft.amsl - feet above mean sea level; ft.bgs - feet below ground surface

* - OB-97-06 was cored to the top of the Havensville Shale (42 feet bgs). The borehole was grouted to the

base of the Schroyer Limestone designated at 36.5 feet bgs based on geologic logging information

collected during the drilling operation. A monitor well was installed at this depth.

- OB-97-SW05 (surface water sampling location) was later located at the bottom of this rock ledge.
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Table 3-2 Well Development Results for Mobilization #1 and #2

Well ID Development Mobilization Development Measurements at End

Dates Volume
(1997) (gal) Temp pH Cond Turbidity

(oFIoC) (jimhosl (NTU)
cm),

OB-97-05 6/10 2 55 73.0/22.8 7.02 1184 22.6

OB-97-06 3/26 1 50 65.7/18.2 7.43 1548 13.1

OB-97-07 3/26-3/28 1 480 62/17 9.88 690 10.8

OB-97-07 6/17-6/18 2 65 54.3/12.4 6.70 520 25.4

OB-97-08 3/27-3/28 1 82 53.5/11.9 9.36 580 11.6
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Table 3-3 Groundwater Results for Mobilization #1, March 1997
Positive Detections Only

Well OB-97-05 OB-97-06 OB-97-07 OB-97-08 Dug Well Spring
Post- Post- Post-

Sample Type Grab Grab Grab Grab Development Grab Development Grab Development Grab Grab MCL
Collection Date 3/25/97 3/29/97 3/19/97 3/22/97 3/28/97 3/22/97 3/28/97 3/23/97 3/29/97 3/23/97 3/23/97 and
Sample Depth (feet below ground 42 73 27.5 35.5 35.5 20 30 18 18 8 Ground
surface) Surface KSWQS
Formation Schroyer Three Mile Overburden Schroyer Schroyer Overburden Schroyer/ Wymore Wymore NAp NApLimestone Limestone Interface Limestone Limestone Interface Havensville Shale Shale
Other Parameters (mg/I)
Nitrate/Nitrite NA I NA NA NA NA I NA NA O.IJ NA I 0.1. 0.1J I 10
Volatile Organic Compounds in micrograms per liter (pg/I)
Benzene ND(<0.4) ND(<0.4) 0.5 ND(<0.4) ND(<0.4) ND(<0.4) ND(<0.4) 1.2 ND(<0.4) ND(<0.4) ND(<0.4) 5
Bromodichloromethane ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 1.2 ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 100 (a)
cis-1,2-Dichloroethylene 0.8 ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 3.6 5.4 0.6 ND(<0.5) 5.2 1.4 70
trans-1,2-Dichloroethylene ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 1.8 2.7 ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 100
Dichloromethane ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) 5
1,1,2,2-Tetrachloroethane 9.7 ND(<0.6) 3.8 ND(<0.6) ND(<0.6) 14 14 25 39 26 99 NAv
Tetrachloroethylene 1.8 ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) 9., 11<?< 2.5 2.2 2.6 i 6.3. . 5
Toluene 1.2 0.7 0.4 ND(<0.4) 1.2 ND(<0.4) ND(<0.4) 0.5 ND(<0.4) ND(<0.4) ND(<0.4) 1000

Trichloroethylene -140< ND(<0.6) 61 0.7 0.9 40g0K6 <570 8 99;; 10 i0 '- 300 5
Trichloromethane 1.1 ND(<0.5) ND(<0.5) 0.8 2.2 ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 100 (a)

Bold values represent positive detections of analytes for which standards are available; Shaded values represent concentrations
that are equal to or exceed the MCL and the KSWQS

KSWQS: Kansas Surface Water Quality Standard. From: Kansas Register, Department of Health and Environment, Volume 13, No. 28, July 14, 1994.
MCL: Federal Maximum Contaminant Level. From Drinking Water Regulations and Health Advisories, Office of Water, US Environmental Protection Agency, October 1996.
NAv: Not Available
NA: Not Analyzed
NAp: Not Applicable
ND(: Not Detected (Sample Quantitation Limit).
J: Estimated concentration
(a) For MCL, total for all trihalomethanes combined cannot exceed 80 ug/l.
There were no detections of semi-volatile organic compounds or explosives in OB-97-08, the spring, or dug well collected on 3/23/97.
For a complete list of analytes from March 1997, see CEMRK 1997b.
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Table 3-4 Groundwater Elevations Measured in Mobilization #1

Well ID Ground Elevation Depth to Groundwater Groundwater Elevation Screened Formation

(ft.amsl) (Date Collected 1997) (ft.amsl)
(ft.bgs)

OB-93-01 1181 31.75 (3/19) 1149.25 Wymore/Schroyer

OB-93-02 1207 58.15 (3/19) 1148.88 Wymore/Schroyer

OB-93-03 1172 51.66 (3/19) 1120.34 Three Mile Limestone

OB-93-04 1158 35.45 (3/19) 1122.55 Three Mile Limestone

OB-97-05 1178 54.50 (3/29) 1123.50 Three Mile Limestone

OB-97-06 1173 21.57 (3/26) 1152.80 Schroyer Limestone

OB-97-07 1158 11.60 (3/22) 1146.40 Schroyer Limestone/
Havensville Shale

OB-97-08 1158 11.50 (3/22) 1146.50 Wymore Shale

Notes: ft.amsl - feet above mean sea level; ft.bgs - feet below ground surface
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Table 3-5. Piezometer Construction Data in Mobilization #2

Well ID Dates of Surveyed Surveyed Total Interval Screened Interval Formation Screened

Drilling Elevation -Grd Elevation - TOC Depth Cored Elevation (ft. amsl)

(ft.amsl) (ft.amsl) (ft.bgs) (ft.bgs)

OB-97-09PZ 6/6/97- 1242.81 1245.70 114.5 NAp 1133.81 - 1132.81 Havensville Shale

6/7/97 1140.72 - 1139.81 Schroyer Limestone
1156.81 - 1155.81 Wymore Shale
1168.81 - 1167.81 Kinney Limestone
1191.81 - 1190.81 Blue Springs Shale
1216.79 - 1214.81 Florence Limestone

OB-97-10PZ 6/8/97 1183.28 1185.52 58.0 NAp 1134.18 - 1133.28 Havensville Shale
1141.28 - 1140.28 Schroyer Limestone (lower)
1147.30 - 1146.28 Schroyer Limestone (upper)
1154.28 - 1153.28 Wymore Shale
1167.28- 1166.28 Kinney Limestone

OB-97-1IPZ 6/9/97 1182.21 1184.43 58.0 NAp 1132.21 - 1131.21 Havensville Shale
1138.21 - 1137.21 Schroyer Limestone (lower)
1146.21 - 1145.21 Schroyer Limestone (upper)
1153.21 - 1152.21 Wymore Shale
1169.21 - 1168.21 Kinney Limestone

OB-97-12PZ 6/5/97 1183.24 1185.65 58.0 NAp 1133.24 - 1132.24 Havensville Shale
1139.24 - 1138.24 Schroyer Limestone (lower)
1147.24 - 1146.24 Schroyer Limestone (upper)
1154.24 - 1153.24 Wymore Shale
1169.24 - 1168.24 Kinney Limestone

OB-97-13PZ 6/3/97- 1157.92 1160.15 38.0 17.4-26.5 1127.92 - 1126.92 Havensville Shale (lower)

6/4/97 1131.92 - 1130.92 Havensville Shale (upper)
1136.92 - 1135.92 Schroyer Limestone (lower)
1141.42 - 1140.42 Schroyer Limestone (upper)
1146.92 - 1145.92 Overburden

Notes: NAp - Not Applicable, not cored; ft. amsl - feet above mean sea level; ft.bgs - feet below ground surface; TOC - top of casing; Grd. - ground surface
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Table 3-6 Survey Data

Survey Ground Top of NAD 27 Coordinates NAD 83 Coordinates

Point Elevation Casing
(ft.amsl) Elevation Latitude/ Longitude/ Latitude/ Longitude/

(ft.amsl) Easting Northing Easting Northing

OB93-01 1182.07 1183.72 2351617.00 297014.00 1663860.43 297017.70

OB93-02 1208.44 1210.08 2351430.00 297455.00 1663673.43 297458.70

OB93-03 1172.88 1174.84 2351178.00 296891.00 1663421.43 296894.70

OB93-04 1158.32 1160.09 2350915.00 296603.00 1663158.43 296606.70

OB97-05 1178.23 1180.12 2350827.53 297143.29 1663070.96 297146.99

OB97-06 1173.36 1175.37 2351177.15 296903.05 1663420.58 296906.75

OB97-07 1158.72 1160.37 2350918.19 296614.14 1663161.62 296617.84

OB97-08 1158.25 1160.11 2350704.07 296753.03 1662947.50 296756.73

OB97-09PZ 1242.81 1245.70 2351194.18 297646.11 1663437.61 297649.81

OB97-1OPZ 1183.28 1,185.52 2351567.81 296982.44 1663711.24 296986.14

OB97-11PZ 1182.21 1184.43 2350973.70 296987.18 1663217.13 296990.88

OB97-12PZ 1183.24 1185.65 2350811.13 297281.66 1663054.56 297285.36

OB97-13PZ 1157.92 1160.15 2350926.34 296598.84 1663169.77 296602.54

Dug Well 1155.28 NAp 2350548.60 296813.88 1662792.03 296817.58

Spring 1162.48 1163.66 2350873.72 296885.77 1663117.15 296889.47

OB97-SW1 1168.74 1169.94 2351710.83 297304.08 1663954.26 297307.78

OB97-SW2 1132.01 1132.92 2351041.69 295273.69 1663285.12 295277.37

0B97-SW3 1145.30 1145.97 2350180.08 296664.68 1662423.51 296668.38

OB97-SW4 1130.10 1131.65 2350911.84 295132.88 1663155.27 295136.56

OB97-SW5 1128.99 1130.96 2351195.15 294895.91 1663438.58 294899.59

Notes:

Elevation for dug well is the top of the angle iron adjacent to well.
Elevations for the spring are ground elevation (1162.48 ft amsl) and the top of the iron bar (1163.66 ft

amsl) placed at the head of the spring by the surveyor.
Elevations for surface water sample locations are the ground surface along the centerline of each stream

and the top of the iron bar placed at each location by the surveyor.
NAp - Not Applicable; ft.amsl - feet above mean sea level; ft.bgs - feet below ground surface
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Table 3-7 Piezometer Purging Data for Mobilization #2

Piezometer ID Initial Condition Volume Purged (Gals)
4 July 1997

OB97-09PZ(0) Water Present 1.5
OB97-09PZ(1) Water Present Blown dry - water not recoverable

OB97-09PZ(2) Dry Dry
OB97-09PZ(3) Water Present Blown dry - water not recoverable

OB97-09PZ(4) Water Present Blown dry - water not recoverable

OB97-09PZ(5) Water Present Blown dry - water not recoverable

OB97-10PZ(0) Water Present 1
OB97-10PZ(1) Water Present 3
OB97-1OPZ(2) Water Present 0.5
OB97-1 OPZ(3) Water Present 3
OB97-1OPZ(4) Dry Dry

OB97-1 1 PZ(0) Water Present 3
OB97-1 1 PZ(1) Water Present 2.5
OB97-1 1 PZ(2) Water Present Blown dry - water not recoverable

OB97-1 1 PZ(3) Water Present 0.25
OB97-1 1 PZ(4) Dry Dry

OB97-12PZ(0) Water Present 1
OB97-12PZ(1) Water Present 0.2
OB97-12PZ(2) Dry Dry
OB97-12PZ(3) Water Present 0.6
OB97-12PZ(4) Dry Dry

OB97-13PZ(0) Water Present 1.5
OB97-13PZ(1) Water Present Blown dry - water not recoverable

OB97-13PZ(2) Water Present (Was purged when sampled on
6/19/97)

OB97-13PZ(3) Water Present 0.8
OB97-13PZ(4) Water Present Blown dry - water not recoverable

tbl-3-7 
Page 1 of 1



Table 3-8 Groundwater and Surface Water Data, Mobilization #2, June and September 1997
Positive Detections Only

Well OB-93-01 OB-93-02 OB-93-03 OB-93-04 OB-97-05 OB-97-06 OB-97-07 OB-97-08 Dug Well Spring OB-97-SW2 an
____ ___ _ _ _ __ __ __ ___ ___ ___ ___ __ ___ MCL and

Sample Event 09/97 09/97 09/97 09/97 09/97 09/97 09/97 09/97 06/97 T 09/97 06/97 09/97 KSWQS

Field Parameters
pH (Standard Units) 7.01 7.05 7.01 6.79 7.04 7.01 6.81 6.99 6.48 7.05 6.721 7.61 NAv

Conductivity (umhos/cm) 610 700 900 890 750 620 840 670 480 380 460 540 NAv

Temperature (C) 12.9 14.1 15.0 14.0 15.0 15.0 14.0 16.0 14.0 15.2 13.0 14.4 NAv

Turbidity (NTU) 2.76 4.54 26.2 5.23 4.0 6.52 22.6 2.38 1.15 6.34 20.5 251 NAv

Volatile Organic Compounds in micrograms per liter (pgll)
cis-1,2-Dichloroethylene ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<5.0) 6.4 7.1 19 0.8 ND(<0.5) 70
trans-1,2-Dichloroethylene ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<5.0) ND(<2.5) 1.1 ND(<5.0) ND(<0.5) ND(<0.5) 100

Dichloromethane ND(<0.9) ND(<0.9) ND(<0.9) 1.2B ND(<0.9) 1.5B 14B ND(<4.5) ND(<0.9) 14B 1.1B 1.5B 5

Tetrachloroethylene ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) -14 V 8.0 4.9 ND(<11) 4.9 ND(<1.1) 5

1,1,2,2-Tetrachloroethane ND(<0.6) ND(<0.6) ND(<0.6) 0.8 ND(<0.6) ND(<0.6) 21 58 56 78 67 ND(<0.6) NAv

Toluene ND(<0.4) ND(<0.4) ND(<0.4) ND(<0.4) ND(<0.4) ND(<0.4) ND(<4.0) ND(<2 0) ND(<0.4) ND(<4.0) ND(<0.4) ND(<0.4) 1000

Trichloroethylene ND(<0.6) ND(<0.6) 1.9 1I7 ti\ ND(<0.6) 1.2 '400O< I '200 230> \260 - 1901. ND(<0.6) 5

m/p-Xylene ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<6.0) 5.0 ND(<0.6) ND(<6.0) ND(<0.6) ND(<0.6) 10000

Bold values represent positive detections of analytes for which standards are available; Shaded values represent concentrations
that are equal to or exceed the MCL and the KSWQS

KSWQS: Kansas Surface Water Quality Standard. From: Kansas Register, Department of Health and Environment, Volume 13,
No. 28, July 14, 1994.
MCL: Federal Maximum Contaminant Level. From Drinking Water Regulations and Health Advisories, Office of Water, US Environmental

Protection Agency, October 1996.
B: Compound detected in sample is less than 1OX the amount detected in the method blank. Result is estimated.
NAv: Not Available
ND0: Not Detected (Sample Quantitation Limit).
While there were no detections in OB93-01 and OB93-02, the field parameters are provided on this table.
No sample was collected from the spring in 9/97, the surface water locations in 6/97, or the four other surface water locations in 9/97 as they were dry.
For a complete list of analytes for June and September 1997, see CEMRK 1997b.
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Table 3-9 Groundwater Data for Piezometers, Mobilization #2, June and September 1997
Positive Detections Only

Sample Location OB97-09PZ(0) 1OB97-09PZ(1) 1OB97-09PZ(3) 1OB97-O9PZ(4) OB97-10PZ(0)* OB97-10PZ(1) 1OB97-10PZ(2) OB97-10PZ(3) OB97-11PZ(O)* 1OB97-11PZ(1) JOB97-12PZ(0) *OB97-12PZ(1) IOB97-12PZ(3) OB97-13PZ(0) 1OB97-13PZ(1) 0B97-13PZ(2) JOB97-13PZ(2) 0O97-13PZ(3) 0B97-13PZ(4) MCL and

Sample Event Sep-97 Sep-97 I Sep-97 I Sep-97 Sep-97 Sep-97 Sep-97 Sep-97 Sep-97 I Sep-97 I Sep-97 Sep-97 I Sep-97 Sep-97 Sep-97 I Jun-97 I Sep-97 Sep-97 Sep-97 KSWQS

Field Parameters
pH (Standard Units) 7.18 T 7.18 7.12 F 7.09 6.64 6.62 I 7.00 7.39 7.21 I 7.29 7.27 7.15 1 7.33 6.72 7.78 1 6.68 1 6.52 I 7.64 I 7.01 NAy

Conductivity (umhos/cm) 1980 I 1180 1270 [ 1180 4100 [ 1150 940 970 1040 810 ] 1710 ! 830 620 1200 - 750 1 660 660 1 1800 1 990 NAy

Temperature (C) 16.2 I 16.2 15.5 I 15.8 14.8 I 15.8 I 15.2 15.4 17.4 21.8 20.7 _ 15.3 I 16.4 21.2 i 20.8 I 20.0 25.1 >200 - >200 NAy

Turbidity (NTU) >200 T 101.9 >200 >200 >200 - >200 - >200 I >200 >200 >200 >200 >200 >200 >200 >200 - >200 >200 17.8 1 18.6 NAy

VolIti Organic Compoundsin microgramsp-rliter_ _g)

Acetone ND(<100) I ND(<100) I ND(<100) ! ND(<100) ND(<100) ND(<100) ND(<100) i ND(<100) ND(<100) 1 ND(<100) 1 100 1 ND(<100)' I ND(<100) ND(<100) I ND(<100) I ND(<100) ND(<100) j ND(<100) ND(<100) NAy

Benzene ND(<0.4) j ND(<0.4) F 2.0 1 ND(<0.4) 1.2 ND(<0.4) I ND(<0.4) I ND(<0.4) 1.1 1 ND(<0.4) 1 1.1 1 ND(<0.4) I ND(<0.4) ND(<0.4) I ND(<0.4) I ND(<0.4) ND(<0.4D ) 0.8 5

Bromodichloromethane ND(<0.5) I ND(<0.5) f 1.2 1.1 ND(<O.5) I ND(<0.5) ND(<0.5) ND(<0.5) I ND(<0.5) ND(<0.5) I ND(<0.5) I ND(<0.5) ND(<0.5) I ND(<0.5) 100(a)
Bromomethane ND(<.2) I ND(<I.2 ND(ND(<1.2) ND(<1.2) L ND(<1.2) ND(<1.2) F ND(<1.2) ND(<1.2) 1 ND(<1.2) 1.9 I ND(<1.2) I ND(<1.2) ND(<1.2) I ND(<1.2) I ND(<1.2) ND(<1.2.2) 2.0 NAy

2-Butanone 210 1 ND(<100) F ND(<100) L ND(<100) ND(<100) F ND(<100) ND(<100) I ND(<100) ND(<100) 1 ND(<100) j 110 1 ND(<100) I ND(<100) ND(<100) I ND(<100) I ND(<100) ND(<100) NAy

Carbon Disulfide 65 I 5.2 F ND(<5.0) I ND(<5.0) ND(<5.0) I ND(<5.0) ND(<5.0) I ND(<5.0) ND(<5.0) 1 ND(<5.0) J 5.4 I ND(<5.0) I ND(<5.0) ND(<5.0) I ND(<50) T ND(<5.0) I ND(<50) ND(<5.0) I ND(<5.0) NAy

Chlorobenzene ND(<0.4) I ND(<0.4) [ ND(<0.4) L ND(<0.4) ND(<0.4) I ND(<0.4) I ND(<0.4) I ND(<0.4) 0.4 I ND(<0.4) __ND(<0.4) IND(<0.4) _ ND(<0.4) ND(<0.4) I ND(<0.4) I___ _ ND(<0.4) ND(<0.4) __ND(<0.4) __ND<0.4_N

cis-1,2-Dichloroethylene ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) I ND(<0.5) ND(<0.5) ND(<0.5) 2.2 0.8 ND(<0.5) I ND(<0.5) I ND(<0.5) 0.9 1.0 L 2.3 2.2 1.0 1 1.8 70

trans- 1.2-Dichloroethylene ND(<0.5) ± ND(<0.5) ND(<0.5) I ND(<0.5) ND(<0.5) ND(<0.5) I ND(<0.5) ND(<0.5) ND(<0.5) I ND(<0.5) I ND(<0.5) I ND(<0.5) I ND(<0.5) ND(<0.5) I ND(<0.5) I 1.0 1.2 ND(<0.5) 0.6 100

1,4-Dichlorobenzene ND(<1.0) I ND(<1.0) ND(<1.0) [ ND(<1.0) ND(<1.0) I ND(<.0) ND(<1.0) I ND(<1.0) ND(<I.) ND<.).027 ND(<1.0) - ND(<1.0) ND(.N<I.0) I ND(.0) 75

Dichloromethane 6.5B I 1.9B 1.4B I 1.0B 10B 14B I 2.6B I 3.1B 3.4B 1.6B J 9.3B I ND(<0.9) I 3.6B 1.3B 1 8.3B L 1.3B 1.3B 1.38 1 2.28 5

1,1,2,2-Tetrachloroethane ND(<0.6) 1 ND(<0.6) I ND(<0.6) [ ND(<0.6) ND(<0.6) I ND(<0.6) F ND(<0.6) I ND(<0.6) 2.4 2.0 ! 2.8 I ND(<0.6) F ND(<0.6) 1.1 ' 2.2 - 7.2 j 6.2 J 3.1 I ND(<0.7) NAy

Tetrachloroethylene ND(<1.1) ND(<1.1) I ND(<1.1) ND(<1.1) ND(<1.1) F ND(<1.1) I ND(<1.1) I ND(<1.1) ND(<1.1) j ND(<1.1) I ND(<1.1) I ND(<1.1) [ ND(<1.1) ND(<1.1) ND(<1.1) L 3.6 4.1 ND(<I.1) I ND(<1.1) 5

Tribromomethane ND(<1.5) I ND(<1.5) ND(<1.5) ND(<1.5) ND(<1.5) [ ND(<1.5) I ND(<1.5) I ND(<1.5) ND(<1.5) j ND(<1.5) J 1.6 ND(<1.5) I ND(<I.5) ND(<1.5) ND(<1.5) I ND(<1.5) ND(<1.5) i ND(<I.5) I ND(<I.5) 100(a)
Toluene 2.0 1.6 1.8 ND(<0.4) 2.4 3.1 1.6 3.0 0.8 ND(<0.4) J 0.9 ND(<0.4) 1 2.3 ND(<0.4) I 0.8 I 0.8 ND(<0.4) 1.7 0.8 1000

1,1,1-Trichloroethane ND(<0.7) L ND(<0.7) I ND(<0.7) ND(<0.7) ND(<0.7) I ND(<0.7) ND(<0.7) I ND(<0.7) ND(<0.7) 0.9 ND(<0.7) ND(<0.7) ND(<0.7) ND(<0.7) I ND(<0.7) F ND(<0.7) ND(<0.7J) 200

1,1,2-Trichloroethane ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) 0.8 1 ND(<0.6) 0.8 I ND(<0.6) ND(<0.6) ND(<0.6) - ND(<0.6) i ND(<0.6) ND(<0.6) 5

Trichloroethylene ND(<0.6) L ND(<0.6) I ND(<0.6) I ND(<0.6) 1.8 1 0.7 1 ND(<0.6) 5 .3 . 10 ...4 ... 2.2 9.1 ND(<0.6) 38 18 . : ]; P200 . j Ki3% 3> 5

Trichloromethane 1.4 [ ND(<0.5) I 1.0 1 0.7 39 I 1.7 I 2.4 j ND(<0.5) 1.0 ND(<0.5) j 2.5 l 0.5 I ND(<0.5) ND(<0.5) - 1.1 0.7 1 ND(<0.5) j 0.6 0.8 100(a)

m/p-Xylene ND(<0.6) ND(<0.6) ND(<0.6) 0.7 0.6 1 ND(<0.6) I ND(<0.6) ND(<0.6) 1.3 1 ND(<0.6) j ND(<0.6) I ND(<0.6) 0.8 ND(<0.6) 1 0.8 ND(<06) ND(<0.6) j ND(<0.6) j ND(<0.6) 10000

Bold values represent positive detections of analytes for which standards are available; Shaded values represent concentrations
that are equal to or exceed the MCL and the KSWQS

KSWOS: Kansas Surface Water Quality Standard. From: Kansas Register, Department of Health and Environment, Volume 13,
No. 28, July 14, 1994.
MCL: Federal Maximum Contaminant Level. From Drinking Water Regulations and Health Advisories, Office of Water, US Environmental

Protection Agency, October 1996.
B: Compound detected in sample is less than 1OX the amount detected in the method blank. Result is estimated.
NAv: Not Available
ND(: Not Detected (Sample Quantitation Limit).
No samples were collected from OB97-09PZ(2), -09PZ(5); -10PZ(4); -11PZ(2), -11PZ(3), and -11PZ(4); -12PZ(2) and -12PZ(4), which were dry.
(a) For MCL, total for all trihalomethanes combined cannot exceed 80 ug/l.
For a complete list of analytes for June and September 1997, see CEMRK, 1997b.

Results reported as maximum detections of record sample and reanalysis.
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Table 3-10 Summary of Groundwater Elevation Data at OBIOD Area

Top of Bottom of Ground Measuring Groundwater Elevation (ft.amsl)

Well ID Formation Screen Elev. Screen Elev. Elevation Point Elev. , Date

Screened (ft.amsl) (ft.amsl) (ft.amsl) (ft.amsl) 19-Dec-95 1-Jun-97 4-Jun-97 5-Jun-97 6-Jun-97 7-Jun-97 9-Jun-97 10-Jun-97 11-Jun-97 14-Jun-97 16-Jun-97 17-Jun-97 18-Jun-97 20-Jun-97

OB93-01 Wymore/Schroyer 1155 1140 1182.07 1183.72 1152.28 1155.41 1154.91 1154.87 1154.84 1154.59 1154.35 1154.32 1154.39 1154.11 1153.85 1153.65 1153.47 1153.37

OB93-02 Wymore/Schroyer 1151 1136 1208.44 1210.08 1152.13 1155.40 1154.89 1154.86 1154.85 1154.59 1154.34 1154.33 1154.39 1154.11 1153.88 1153.70 1153.51 1153.39

OB93-03 Threemile Limestone 1111 1096 1172.88 1174.84 1121.22 1124.03 1123.86 1123.85 1123.84 1123.79 1123.73 1123.67 1123.67 1123.53 1123.46 1123.38 1123.31 1123.24

OB93-04 Threemile Limestone 1116 1101 1158.32 1160.09 1122.19 1125.01 1124.89 1124.90 1124.88 1124.84 1124.78 1124.74 1124.74 1124.62 1124.53 1124.42 1124.34 1124.23

OB97-05 Threemile Limestone 1115 1105 1178.23 1180.12 1124.10 1123.95 1123.96 1123.94 1123.89 1123.83 1123.77 1123.78 1123.62 1123.56 1123.48 1123.40 1123.34

0B97-06 Schroyer Limestone 1146.5 1136.5 1173.36 1175.37 1155.39 1154.90 1154.86 1154.86 1154.59 1154.39 1154.34 1154.40 1154.13 1153.87 1153.67 1153.49 1153.38

OB97-07 Schroyer/Havensville 1140 1130 1158.72 1160.37 1146.66 1146.93 1147.00 1147.15 1147.05 1146.77 1146.76 1146.68 1146.46 1146.32 1146.25 1146.17 1146.03

OB97-08 Overburden 1149 1139 1158.25 1160.11 1145.94 1145.62 1145.51 1145.44 1145.28 1145.05 1144.98 1144.92 1144.74 1144.53 1144.45 1144.36 1144.18

OB97-09PZ(0) Havensville Shale 1133.81 1132.81 1242.81 1245.70

OB97-09PZ(1) Schroyer Limestone 1140.72 1139.81 1242.81 1245.70

0B97-09PZ(2) Wymore Shale 1156.81 1155.81 1242.81 1245.70
0B97-09PZ(3) Kinney Limestone 1168.81 1167.81 1242.81 1245.70 1191.96 1192.00

0B97-09PZ(4) Blue Springs Shale 1191.81 1190.81 1242.81 1245.70 116.28 115.73

0B97-09PZ(5) Florence Limestone 1216.79 1214.81 1242.81 1245.70 11.54 11.01
OB97-10PZ(0) Havensville Shale 1134.18 1133.28 1183.28 1185.52

OB97-10PZ(1) Schroyer Limestone-bottom 1141.28 1140.28 1183.28 1185.52 Wells/Piezometers Not Installed

OB97-1OPZ(2) Schroyer Limestone-top 1147.30 1146.28 1183.28 1185.52 1153.47 1153.44

OB97-10PZ(3) Wymore Shale 1154.28 1153.28 1183.28 1185.52

OB97-10PZ(4) Kinney Limestone 1167.28 1166.28 1183.28 1185.52
OB97-11PZ(0) Havensville Shale 1132.21 1131.21 1182.21 1184.43 114.67 1146.66

OB97-11 PZ(1) Schroyer Limestone-bottom 1138.21 1137.21 1182.21 1184.43

OB97-11PZ(2) Schroyer Limestone-top 1146.21 1145.21 1182.21 1184.43 114.56 1153.59

OB97-11PZ(3) Wymore Shale 1153.21 1152.21 1182.21 1184.43 1168.39 11639

OB97-11PZ(4) Kinney Limestone 1169.21 1168.21 1182.21 1184.43 1183_183

OB97-12PZ(0) Havensville Shale 1133.24 1132.24 1183.24 1185.65

OB97-12PZ(1) Schroyer Limestone-bottom 1139.24 1138.24 1183.24 1185.65 1146.43 1146.43

OB97-12PZ(2) Schroyer Limestone-top 1147.24 1146.24 1183.24 1185.65

OB97-12PZ(3) Wymore Shale 1154.24 1153.24 1183.24 1185.65 1160.22 1160.11

OB97-12PZ(4) Kinney Limestone 1169.24 1168.24 1183.24 1185.65 dry dry

OB97-13PZ(0) Havensville Shale-middle 1127.92 1126.92 1157.92 1160.15

OB97-13PZ(1) Havensville Shale-top 1131.92 1130.92 1157.92 1160.15 1146.20 1145.69

OB97-13PZ(2) Havensville Shale-top 1136.92 1135.92 1157.92 1160.15 1146.04 1146.05

OB97-13PZ(3) Schroyer Limestone-bottom 1141.42 1140.42 1157.92 1160.15

0897-13PZ(4) Overburden 1146.92 1145.92 1157.92 1160.15 1149.83 1147.39

OBHD-97-14 NAp 1143.26 1138.26 1154.21 1156.81 NAp NAp NAp NAp NAp NAp NAp NAP NAP NAP NAP NAp NAp NAp

Dug Well NAp NAp NAp 1155.28 1155.28 NAp NM 1144.88 1144.73 1144.63 1144.58 1144.58 1144.50 1144.52 1144.03 1143.83 1143.74 1143.67 1143.50

Spring NAp NAp NAp 1162.48 1163.66 NM

0B97-SW1 Above Schroyer NAp NAp 1168.74 1169.94

OB97-SW2 Below Schroyer NAp NAp 1132.01 1132.92

OB97-SW3 Above Schroyer NAp NAp 1145.30 1145.97 Dry

OB97-SW4 Below Schroyer NAp NAp 1130.10 1131.65

OB97-SW5 Below Schroyer NAp NAp 1128.99 1130.96

R- Rejected, based on the bottom of screen
NAp - Not Applicable
NM - Not Measured
J - Estimated value, measured within 0.1 foot of bottom of screen.
R - Rejected elevation, measured below bottom of screen.

a - OBHD-97-14 was measured on 5 December 1997.
* - Measured by United States Geologic Survey
+ - The piezometers were purged using air lift method on 4 July 1997 after the water elevations were

measured, and water elevations were measured again on 5 July 1997.
(ft.amsl) - feet above mean sealevel
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Table 3-10 Summary of Groundwater Elevation Data at OB/OD Area

Top of Bottom of Ground Measuring Groundwater Elevation

Well ID Formation Screen Elev. Screen Elev. Elevation Point Elev. Date

Screened (ft.amsl) (ft.amsl) (ft.amsl) (ft.amsl) 4-Jul-97 + 5-Jul-97 + 27-Aug-97 2-Sep-97 5-Sep-97 14-Oct-97 1-Dec-97 19-Jan-98

OB93-01 Wymore/Schroyer 1155 1140 1182.07 1183.72 1151.95 1152.11 1151.01 1150.80 1151.00 1149.96 1150.70 * 1155.33

OB93-02 Wymore/Schroyer 1151 1136 1208.44 1210.08 1151.96 1152.16 1151.03 1150.81 1150.97 1149.96 1150.47 * 1155.33

OB93-03 Threemile Limestone 1111 1096 1172.88 1174.84 1122.48 1122.53 1121.37 1121.31 1121.32 1120.97 1121.95 1123.21

OB93-04 Threemile Limestone 1116 1101 1158.32 1160.09 1123.17 1123.16 1121.39 1121.36 1121.35 1120.97 1122.54 1124.56

OB97-05 Threemile Limestone 1115 1105 1178.23 1180.12 1122.51 1122.57 1121.33 1121.28 1121.27 1120.91 1121.96 1123.30

OB97-06 SchroyerLimestone 1146.5 1136.5 1173.36 1175.37 1151.97 1152.17 1151.13 1150.80 1150.94 1149.96 1150.46 * 1155.25

OB97-07 Schroyer/Havensville 1140 1130 1158.72 1160.37 1145.27 1145.26 1144.90 1144.86 1144.78 1144.59 1145.22 1149.63

OB97-08 Overburden 1149 1139 1158.25 1160.11 1142.98 1142.92 1142.45 1142.50 1142.43 1141.55 1143.91 1149.56

OB97-09PZ(0) HavensvilleShale 1133.81 1132.81 1242.81 1245.70 1155.68 1150.20 1154.73 1154.78 1142.14 1153.18 * 1153.01 * 1153.80

OB97-09PZ(1) SchroyerLimestone 1140.72 1139.81 1242.81 1245.70 1145.21 Dry 1145.32 1145.24 1145.39 1143.60 * 1144.34 * 1148.19

OB97-09PZ(2) Wymore Shale 1156.81 1155.81 1242.81 1245.70 1156.05 Dry Dry Dry Dry Dry Dry * Dry

OB97-09PZ(3) Kinney Limestone 1168.81 1167.81 1242.81 1245.70 1168.58 Dry 1168.41 1168.48 1168.41 1168.39 * 1168.73 * 1169.47

OB97-09PZ(4) Blue Springs Shale 1191.81 1190.81 1242.81 1245.70 1191.93 Dry 1191.71 1191.73 1191.69 1191.54 1191.80 * 1192.35

OB97-09PZ(5) Florence Limestone 1216.79 1214.81 1242.81 1245.70 1214.91 J Dry Dry Dry Dry Dry * Dry * 1215.54

OB97-10PZ(0) Havensville Shale 1134.18 1133.28 1183.28 1185.52 1146.31 1136.65 1149.01 1148.92 1140.01 1148.17 1148.61 1152.12

OB97-10PZ(1) Schroyer Limestone-bottom 1141.28 1140.28 1183.28 1185.52 1150.78 1150.33 1149.56 1149.35 1149.44 1148.66 1149.01 1152.85

OB97-10PZ(2) Schroyer Limestone-top 1147.30 1146.28 1183.28 1185.52 1151.99 1151.95 1151.16 1151.10 1150.96 1149.97 1150.49 1155.19

OB97-1OPZ(3) Wymore Shale 1154.28 1153.28 1183.28 1185.52 1164.69 1157.52 1163.79 1163.74 1158.68 1164.03 1164.70 1165.30

OB97-1OPZ(4) Kinney Limestone 1167.28 1166.28 1183.28 1185.52 Dry Dry Dry Dry Dry Dry Dry 1166.66

0B97-11PZ(0) Havensville Shale 1132.21 1131.21 1182.21 1184.43 1152.96 1152.41 1148.42 1148.52 1138.17 1147.24 1149.12 1152.41

OB97-11PZ(1) SchroyerLimestone-bottom 1138.21 1137.21 1182.21 1184.43 1145.29 1145.70 1145.36 1145.20 1145.40 1143.90 1144.55 * 1148.73

OB97-11PZ(2) Schroyer Limestone-top 1146.21 1145.21 1182.21 1184.43 1145.21 J 1145.29 Dry Dry 1145.12 R Dry 1145.59 1149.93

OB97-11PZ(3) Wymore Shale 1153.21 1152.21 1182.21 1184.43 1152.95 1152.41 Dry Dry Dry Dry Dry 1152.39

OB97-11PZ(4) Kinney Limestone 1169.21 1168.21 1182.21 1184.43 1167.76 R Dry Dry Dry Dry Dry Dry- 1168.49

OB97-12PZ(0) Havensville Shale 1133.24 1132.24 1183.24 1185.65 1147.79 1135.29 1143.87 1144.14 1133.71 1142.46 1147.48 1151.12

OB97-12PZ(1) Schroyer Limestone-bottom 1139.24 1138.24 1183.24 1185.65 1145.12 1145.53 1145.34 1145.07 1145.30 1143.40 1143.88 1147.83

OB97-12PZ(2) Schroyer Limestone-top 1147.24 1146.24 1183.24 1185.65 1146.21 R Dry Dry Dry Dry Dry Dry 1148.45

OB97-12PZ(3) Wymore Shale 1154.24 1153.24 1183.24 1185.65 1158.91 1158.85 1157.31 1156.52 1156.41 1155.46 1157.99 1165.75

OB97-12PZ(4) Kinney Limestone 1169.24 1168.24 1183.24 1185.65 1168.18 R Dry Dry Dry Dry Dry Dry 1169.74

OB97-13PZ(0) Havensville Shale-middle 1127.92 1126.92 1157.92 1160.15 1132.18 1131.69 1131.50 1131.60 1129.25 1135.07 1136.98 * 1142.58

OB97-13PZ(1) Havensville Shale-top 1131.92 1130.92 1157.92 1160.15 1145.23 1143.91 1144.58 1144.61 1144.07 1143.84 * 1144.49 * 1149.66

OB97-13PZ(2) Havensville Shale-top 1136.92 1135.92 1157.92 1160.15 1145.30 1145.28 1144.96 1144.88 1144.83 1144.56 * 1145.25 * 1149.70

OB97-13PZ(3) Schroyer Limestone-bottom 1141.42 1140.42 1157.92 1160.15 1143.79 1144.24 1143.68 1143.69 1141.07 1143.36 * 1144.39 * 1149.20

OB97-13PZ(4) Overburden 1146.92 1145.92 1157.92 1160.15 1146.35 1146.60 1146.20 1146.11 1145.92J 1145.84R * Dry * 1147.72

OBHD-97-14 NAp 1143.26 1138.26 1154.21 1156.81 NAp NAp NAp NAp NAp NAp a 1143.40 1147.41

Dug Well NAp NAp NAp 1155.28 1155.28 1142.40 1141.98 1140.93 1141.02 1141.03 1139.96 1142.98 NAp

Spring NAp NAp NAp 1162.48 1163.66 NM NM NM Dry Dry NM NM 1162.66

OB97-SW1 Above Schroyer NAp NAp 1168.74 1169.94 Dry Dry Dry Dry Dry Dry Dry 1168.99

OB97-SW2 Below Schroyer NAp NAp 1132.01 1132.92 Dry Dry Dry Dry Dry Dry NM 1132.12

OB97-SW3 Above Schroyer NAp NAp 1145.30 1145.97 Dry Dry Dry Dry Dry Dry Dry 1145.75

OB97-SW4 Below Schroyer NAp NAp 1130.10 1131.65 Dry Dry Dry Dry Dry Dry Dry 1130.95

OB97-SW5 Below Schroyer NAp NAp 1128.99 1130.96 Dry Dry Dry Dry Dry Dry NM 1129.61

R- Rejected, based on the bottom of screen
NAp - Not Applicable
NM - Not Measured
J - Estimated value, measured within 0.1 foot of bottom of screen.
R - Rejected elevation, measured below bottom of screen.

a - OBHD-97-14 was measured on 5 December 1997.
* - Measured by United States Geologic Survey
+ - The piezometers were purged using air lift method on 4 July 1997 after the water elevations were

measured, and water elevations were measured again on 5 July 1997.
(ft.amsl) - feet above mean sealevel

2 of 2
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Table ,-11 Groundwater Elevation Data Measurement Comparison, 5 beptember 1997

5-Sep-97
Well ID Formation Top of Bottom of Ground Measuring Electronic Tape Steel Tape & Chalk

Screen Elev. Screen Elev. Elevation Point Elev. DTW GW Elev Sounded Held Water DTW GW Elev.
Screened (ft amsl) (ft amsl) (ft amsl) (ft amsl) (ft.bmp) (ft.amsl) (ft.bmp) (ft.bmp) Mark* (ft.bmp) (ft.amsl)

OB93-01 Wymore / Schroyer 1155 1140 1182.07 1183.72 32.72 1151.00 42.14 33.50 0.78 32.72 1151.00
OB93-02 Wymore / Schroyer 1151 1136 1208.44 1210.08 59.11 1150.97 73.88 60.00 0.94 59.06 1151.02
OB93-03 Threemile Limestone 1111 1096 1172.88 1174.84 53.52 1121.32 79.30 54.00 0.53 53.47 1121.37
OB93-04 Threemile Limestone 1116 1101 1158.32 1160.09 38.74 1121.35 58.27 39.00 0.29 38.71 1121.38
OB97-05 Threemile Limestone 1115 1105 1178.23 1180.12 58.85 1121.27 73.03 59.50 0.65 58.85 1121.27
OB97-06 Schroyer Limestone 1146.5 1136.5 1173.36 1175.37 24.43 1150.94 38.53 25.00 0.56 24.44 1150.93
OB97-07 Schroyer / Havensville 1140 1130 1158.72 1160.37 15.59 1144.78 31.99 17.00 1.42 15.58 1144.79
OB97-08 Overburden 1149 1139 1158.25 1160.11 17.68 1142.43 20.40 18.00 0.35 17.65 1142.46
OB97-09PZ(0) Havensville Shale 1133.81 1132.81 1242.81 1245.70 103.56 1142.14 113.13 104.00 0.49 103.51 1142.19
OB97-09PZ(1) Schroyer Limestone 1140.72 1139.81 1242.81 1245.70 100.31 1145.39 107.35 101.00 0.73 100.27 1145.43
OB97-09PZ(2) Wymore Shale 1156.81 1155.81 1242.81 1245.70 Dry Dry 89.89 89.89 0.10 89.79 1155.91
OB97-09PZ(3) Kinney Limestone 1168.81 1167.81 1242.81 1245.70 77.29 1168.41 78.19 78.00 0.75 77.25 1168.45
OB97-09PZ(4) Blue Springs Shale 1191.81 1190.81 1242.81 1245.70 54.01 1191.69 55.05 54.50 0.53 53.97 1191.73
OB97-09PZ(5) Florence Limestone 1216.79 1214.81 1242.81 1245.70 Dry Dry 31.26 31.26 0.15 31.11 1214.59
OB97-1OPZ(0) Havensville Shale 1134.18 1133.28 1183.28 1185.52 45.51 1140.01 53.48 46.00 0.53 45.47 1140.05
OB97-10PZ(1) Schroyer Limestone-bottom 1141.28 1140.28 1183.28 1185.52 36.08 1149.44 45.61 36.50 0.45 36.05 1149.47
OB97-1OPZ(2) Schroyer Limestone-top 1147.30 1146.28 1183.28 1185.52 34.56 1150.96 39.68 35.00 0.48 34.52 1151.00
OB97-10PZ(3) Wymore Shale 1154.28 1153.28 1183.28 1185.52 26.84 1158.68 32.41 27.50 0.72 26.78 1158.74
OB97-10PZ(4) Kinney Limestone 1167.28 1166.28 1183.28 1185.52 Dry Dry 19.56 19.56 0.25 19.31 1166.21
OB97-11PZ(0) Havensville Shale 1132.21 1131.21 1182.21 1184.43 46.26 1138.17 53.41 47.00 0.81 46.19 1138.24
OB97-11PZ(1) Schroyer Limestone-bottom 1138.21 1137.21 1182.21 1184.43 39.03 1145.40 47.59 39.50 0.51 38.99 1145.44
OB97-11PZ(2) Schroyer Limestone-top 1146.21 1145.21 1182.21 1184.43 39.31 1145.12 39.62 39.62 0.37 39.25 1145.18
OB97-11PZ(3) Wymore Shale 1153.21 1152.21 1182.21 1184.43 Dry Dry 32.56 32.56 0.13 32.43 1152.00
OB97-11PZ(4) Kinney Limestone 1169.21 1168.21 1182.21 1184.43 Dry Dry 16.94 16.94 0.11 16.83 1167.60
OB97-12PZ(0) Havensville Shale 1133.24 1132.24 1183.24 1185.65 51.94 1133.71 53.63 52.50 0.61 51.89 1133.76
OB97-12PZ(1) Schroyer Limestone-bottom 1139.24 1138.24 1183.24 1185.65 40.35 1145.30 47.58 41.00 0.69 40.31 1145.34
OB97-12PZ(2) Schroyer Limestone-top 1147.24 1146.24 1183.24 1185.65 Dry Dry 39.76 39.76 0.13 39.63 1146.02
OB97-12PZ(3) Wymore Shale 1154.24 1153.24 1183.24 1185.65 29.24 1156.41 32.62 30.00 0.79 29.21 1156.44
OB97-12PZ(4) Kinney Limestone 1169.24 1168.24 1183.24 1185.65 Dry Dry 17.73 17.73 0.00 Dry Dry
0B97-13PZ(0) Havensville Shale-middle 1127.92 1126.92 1157.92 1160.15 30.90 1129.25 33.35 31.00 0.16 30.84 1129.31
OB97-13PZ(1) Havensville Shale-top 1131.92 1130.92 1157.92 1160.15 16.08 1144.07 29.55 17.00 0.98 16.02 1144.13
OB97-13PZ(2) Schroyer Limestone-top 1136.92 1135.92 1157.92 1160.15 15.32 1144.83 24.42 16.00 0.68 15.32 1144.83
0B97-13PZ(3) Schroyer Limestone-bottom 1141.42 1140.42 1157.92 1160.15 19.08 1141.07 19.92 18.50 -0.56 19.06 1141.09
0B97-13PZ(4) Overburden 1146.92 1145.92 1157.92 1160.15 14.23 1145.92 14.71 13.50 -0.74 14.24 1145.91
Dug Well NAp NAp NAp NM 1155.28 14.25 1141.03 19.20 NM MM NM NM
Notes:
Bolded values are revisions to screen elevations based on review of field notes and well construction information.
NAp - Not applicable
NM - Not measured
(ft.amsl) - feet above mean sea level
(ft.bmp) - feet below measuring point
* - Length of water mark on chalked tape
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Table 3-12 Groundwater and Surface Water Data - Open Burn I Open Detonation Area - December 1997
Positive Detections Only

Sample Location OB93-01 OB93-02 OB393--03 OB93-04 OB97-05 OB97-06 OB97-07 OB97-08 01397-14(b) Dug Well OBHD-97-14 Spring OB397-SW2 O9-W C

Sample Event 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 12/97 KSWQS

Field Parameters '_
pH (Standard Units) 7.10 7.07 7.04 7.09 7.55 7.12 7.11 7.04 7.00 8.00 7.26 8.06 8.22 NAv
Conductivity (umhos/cm) 718 660 1080 1220 630 800 870 1260 7.0 946 1090 229 259 NAy
Temperature (C) 12.8 13.5 13.7 13.3 9.6 13.5 13.5 13.9 9.3 10.9 11.9 9.0 1 6.2 NAy
Turbidity (NTU) 9.84 3.49 8.66 8.47 4.14 6.11 16.20 6.14 8.92 1.58 23.20 3.69 11.26 NAy
Volatile Organic Compounds in micrograms per liter (pgll)
cis-1,2-Dichloroethylene ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) 5.4 ND(<2.5) 1.5 43 82' ND(<I.0) ND(<0.5) ND(<0.5) 70
trans-1,2-Dichloroethylene ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<0.5) ND(<5.0) ND(<2.5) ND(<1.0) 3.4 6.0 ND(<1.0) ND(<0.5) ND(<0.5) 100
Dichloromethane ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<0.9) ND(<9.0) ND(<4.5) ND(<1.8) ND(<4.5) ND(<1.8) 2.8B 1.3B 1.0B 100
Tetrachloroethylene ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) ND(<1.1) 14 ND(5.5) 3.3 ND(<5.5) ND(<2.2) 3.1 ND(<1.1) ND(<I.1) 5
1,1,2,2-Tetrachloroethane ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) ND(<0.6) 23 37 36 33 15 42 ND(<.6) ND(<0.6) NAy
Trichloroethylene ND(<0.6) ND(<0.6) 1.7 15 ND(<0.6) 0.7 ,530 110 120 110, 63 .110 ND(<0.6) D )

NOTES:

Bold values represent positive detections of analytes for which standards are available; Shaded values represent concentrations

that are equal to or exceed the MCL and the KSWQS
KSWQS: Kansas Surface Water Quality Standard. From: Kansas Register, Departmenf: of Health and Environment, Volume 13,

No. 28, July 14, 1994.
MCL: Federal Maximum Contaminant Level. From Drinking Water Regulations and Hea.th Advisories, Office of Water, US Environmental
Protection Agency, November 1995.

B: Compound detected in sample is less than 1OX the amount detected in the method blank. Result is estimated.
NAv: Not Available

NDO: Not Detected (Sample Quantitation Limit).
a: A monitoring well was constructed at Dug well on December 1-3, 1997. Groundwater ;amples were collected prior to construction

of the well and after development of the monitoring well.
b: Duplicate of OB-97-08
There were no detections of semi-volatile organic compounds in any samples.
While there were no detections in OB93-01, OB93-02, and OB93-05, the field parameters are provided on this table.
For a complete list of analyte from December 1997, see CENWK 1998.
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Draft Final S1 Report Addendum - OB/OD Area Fort Riley, KS

4.0 SITE CHARACTERIZATION SUMMARY

This chapter presents a summary of the characterization of the OB/OD Area based on the results

of the investigations conducted, and supplemented by pertinent information from published

references. A general overview of the site characterization is presented in the form of a conceptual

site model, followed by subsections which provide supportive detail for the model.

4.1 Conceptual Site Model

Figure 4-1 depicts the various elements of the conceptual site model developed for the OB/OD

Area.

4.1.1 Sources

Since 1941, the site was used for ordnance disposal by open detonation and open burning. Burning

is no longer conducted at the site. Groundwater investigations have detected the presence of some

dissolved chlorinated solvents; predominantly TCE, with lesser detections of PCE, 1,2-DCE (total)

and 1,1,2,2-tetrachloroethane. Investigations did not, however, identify problems associated with

other potential site-related contaminants such as explosives by-products or petroleum hydrocarbons

from past open burning practices.

The highest concentration of TCE detected in the groundwater is two orders of magnitude below

the concentration which would indicate the presence of any residual product or DNAPL.

According to Estimating Potential for Occurrence of Dense Non-Aqueous Phase Liquids (DNAPL)

at Superfund Sites (USEPA, 1992), the concentrations of DNAPL-related chemicals in

groundwater would have to be greater than 1 % of the pure phase solubility of the DNAPL to

indicate the presence of residual product at the site. The pure phase solubility of TCE is

approximately 1,100 mg/l. One percent of this concentration is 11 mg/l or 11,000 jig/l. The

highest concentration of TCE detected at the site is 570 jig/l in OB-97-07, which is between one

and two orders of magnitude below the threshold.

Due to the long period of site use and the low levels of contamination identified, it is difficult to

identify an exact location where the contaminants may have been released. The identified

groundwater contaminants may even be the result of several sporadic and/or small releases which

occurred at various locations within the OB/OD Area over the period of site activity. It is

apparent, however, that based on the distribution of the TCE and the direction of groundwater

flow, that the contaminants were originally released somewhere within the active and/or historical

open burn/open detonation areas, that no residual product or source exists, and that the area

investigated has bounded the likely originating point of the contamination. Thus, pinpointing a

discrete contamination source appears to not only be difficult to impossible, but also appears to be

unnecessary based on the results of this investigation.
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4.1.2 Pathways

After being released to the ground, the small quantities of solvents migrated downward through

the soil column to the water table via gravity drainage and precipitation infiltration. The

concentrations were low enough that the TCE was dissolved and moved with the flow of

groundwater (as opposed to being DNAPL that would sink). Contaminants released above the

Kinney Limestone were dispersed with the flow in this formation coming out of the higher land

to the north. This moved some contaminants slightly to the east but also to the west via the spring

at the base of the Kinney. The discharge from the spring continues to the west, infiltrating into

the overburden underlying the mesic area. The contaminants dispersed in other directions in the

Kinney and some also seeped downward through the Wymore Shale to the underlying water-

bearing zone of the Schroyer Limestone and upper portion of the Havensville Shale. The

Schroyer/upper portion of the Havensville is also the first water-bearing zone to receive

contaminants that may have been released at the South Burn Pit.

The highest concentration of TCE onsite (570 igfl) is identified in the Schroyer/upper portion of

the Havensville. In this unit, the contaminants also migrate with the primary flow of groundwater;

generally towards the intermittent stream to the west. Consistent with regional geology, this

intermittent stream is interpreted to be the trace of a vertical joint, which is providing a potential

vertical drainage path for the groundwater in this zone. Smaller layers within the water-bearing

zone may flow more to the northwest or the southwest, depending on where the joint is best

developed in contact with that layer. Depending on how open it is, the vertical joint may provide

a potential pathway for some groundwater and contaminants to migrate down to the underlying

Threemile Limestone. In addition, some limited downward seepage through the relatively less

permeable Havensville Shale may also occur. This is consistent with the TCE concentrations being

one to two orders of magnitude lower in the Threemile Limestone.

4.1.3 Receptors

Human exposure potential is minimal and well controlled. Human receptors within a 1-mile radius

of the site are limited to personnel of the OB/OD Area during OB/OD activities and Army

personnel in areas adjacent to the OB/OD Area. These receptors are considered transient since

their access is strictly controlled and they only use the areas on a. limited and intermittent basis.

Surrounding land use consists of military training grounds to the south, an artillery and mortar

impact area to the north, and some wheat and grass farmlands to the southeast. With rare

exception, access to the OB/OD Area is restricted to EOD personnel, which only enter the area

to perform disposal.

The greatest potential for exposure to the groundwater contamination at the OB/OD Area is at the

spring adjacent to the North Burn Pit (Figure 4-1). This spring is flowing most of the time and the

water contains concentrations of TCE in the 100 to 300 tg/l range. Exposure of the spring to

potential ecological receptors is possible as footprints of various indigenous wildlife (deer, etc.)

were observed onsite. The intermittent streams are dry most of the time, so this spring is usually

the only surface water on the OB/OD Area. It is possible that wildlife present on the OB/OD Area

are drinking from this spring.
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A mesic (commonly moist, intermittently wet) area approximately 700 feet by 600 feet in size (10

acres) is located between the spring and the intermittent stream along the western side of the site

(Figure 4-1). This area is not listed as a wetland on the USGS 7.5 minute topographic

quadrangles, the Fort Riley installation map prepared by the Defense Mapping Agency, or the

National Wetlands Inventory. This area is usually not saturated and any water that may appear

might be from surface runoff. During periods where the water table is high, however, it is

possible that some of the water may come from groundwater seeps originating in the underlying

overburden (which, like the spring, may have TCE concentrations in the 100 to 300 Lg/l range).

Thus, when wet, this area could also present an exposure potential for ecological receptors.

The intermittent streams located to the east and west of the OB/OD Area are usually dry and,

therefore, do not usually pose an exposure threat to potential human or ecological receptors. These

intermittent streams join about 1,000 feet south of the southern site boundary. When flowing, this

single tributary continues south another 2,000 feet where it joins Threemile Creek. From this

point, Threemile Creek flows southeast and joins the Kansas River at the west side of Camp

Funston. There are no perennial streams within one mile downstream of the site and no known

uses of surface water as potable water exist within 15 miles downstream of the site.

The groundwater withdrawal well nearest to the OB/OD Area is located at Range 18,

approximately 4,220 feet to the east-southeast of the site. This well is only used at the Range 18

maintenance facility for non-potable purposes. No other wells fall within a one-mile radius of the

OB/OD Area. The next nearest wells are the Ogden supply wells located approximately 3 miles

southeast of the site. There is no realistic potential for exposure to the site groundwater

contamination via extraction from production wells.

4.2 Regional Setting

The open burn/open detonation (OB/OD) area is located on Range 16 on the southern part of the

Impact Area, approximately 2,300 feet north of Vinton School Road. The site lies on the Fort

Riley NE, Kansas USGS 7.5 minute quadrangle in the Northeast quarter, Section 33, Township

10 south, Range 6 east, latitude 390 08' 31.88" and longitude 960 45' 46.16". The site location

is indicated on Figure 1-1.

"Physiographically, the site is located on the slopes of the Flint Hills section of the Osage Plains.

The Flint Hills section consists of a series of roughly parallel cuestas. Escarpments formed on the

cherty limestones, which are separated by somewhat thicker shales, dominate the topography"

(Hattin, 1957). To the north of the site, is the great flat-topped area capped by the Fort Riley

Limestone. "Strata below the Fort Riley Limestone weather to steeply terraced slopes, and it is

principally these strata that form the slopes of the Flint Hills in this part of Kansas. The shale units

are slope-formers and rarely are completely exposed naturally. The hills capped by Fort Riley

Limestone and the knobs capped by Florence Limestone, however, are part of the general Flint

Hills region" (Jewett, 1941).
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4.2.1 Geology

The area of the OB/OD Area is underlain by Permian aged shales and limestones encompassing

the Chase and Council Grove Groups within the Wolfcamp Series of the Permian System.

Regionally, this sequence of rocks dips gently (0.5 to 1.0 degree) to the west-northwest as a

monocline, with local variations in dip resulting from smaller scale syn- and anticlinal structures.

Fort Riley lies between the Abiline and Nemaha anticlines and due to this position, the bedrock

units underlying the OB/OD Area are generally flat lying with a uniform thickness. Due to the

uniformity of the bed thicknesses and the generally horizontal nature of the local structure,

elevation is a good indicator of stratigraphic position. The information gathered from the site

investigations and from published references were used to generate a bedrock geologic map (Figure

4-2) and a stratigraphic column (Figure 4-3) for the OB/OD Area and adjacent area.

These rocks form a sequence of alternating limestone and shale units. The sequence exhibits

repetition of lithologies and faunas that is attributed to cyclic sedimentation. Some units have

gradational characteristics (e.g. shaley limestone, calcareous shale). Also, some limestones are

cherty, and some shale units contain gypsum and/or anhydrite stringers. The shales vary in color,

having hues of gray, green, and red. Surface materials over the area consist of loess, soil, and

highly weathered shale that typically make up the upper 20 feet of substrate in the Fort Riley area.

Structural features, such as joints, are important factors in the movement of groundwater and

contaminants in bedrock. Chelikowsky (1972) described the regional geologic structure as follows:

The regional joint pattern in the Manhattan area consists principally of two major sets

trending nearly at right angles to each other. The northerly trending set generally parallels

the regional strike, the westerly trending set, the regional dip. At any given site other

joints with different trends may occur, but such joints do not persist regionally. For the

area as a whole, neither set dominates. Most of the joints dip vertically, but in thick shale

sections some may be inclined. Except for master joints which cut across all of the layers

in an outcrop, both the spacing and orientation of minor joints may vary from layer to

layer.

There are significant regional as well as more local deflections from straight-line trends.

The northerly trending strike set of joints swing in a broad arc from a N35°W direction in

the south to a N5°W direction in the north. The westerly trending dip set maintains a

general 90-degree transverse relationship to the broad arc and changes in direction

accordingly.

Chelikowsky (1972) also discussed the inter-relationship between the regional joint system and

drainage as follows:

The relationship between drainage and the regional joint system is revealed by the

pronounced angular pattern of upland drainage, particularly where joint development is

good. Another peculiarity in local drainage as noted from a study of topographic maps is
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the asymmetrical shape of watersheds of some upland streams. The asymmetry is

probably a reflection of the westerly regional dip of the rock layers.

The estimated location and orientation of vertical joint fractures relevant to the OB/OD Area are

indicated on Figure 4-4. The northerly trending strike set is oriented at N20°W and located on

portions of the intermittent stream beds (interpreted to be lineaments of vertical joint fractures).

This orientation is within the regional range of N35°W and N5°W as presented by Chelikowsky

(1972), and is consistent with the joint orientation (N22°W) depicted closest to the Fort Riley site

(Chelikowsky 1972, Figure 3). The westerly trending dip set is oriented 90 degrees to the strike

set and is aligned with abrupt changes in stream bed direction.

4.2.2 Hydrogeology

Typically, carbonate rocks (limestone and dolomite) have primary permeability values less than

10-7 meters per second. Many carbonate strata, however, have appreciable secondary permeability

as the result of joints, fractures or openings along bedding planes (Freeze and Cherry, 1979).

Observations in quarries and other excavations in flat-lying carbonate rocks indicate that solution

openings along vertical joints generally are wide spaced. Openings along bedding planes are more

important from the point of view of water yield from wells (Walker, 1956; Johnson, 1962 in

Freeze and Cherry, 1979). In nearly horizontal carbonate rocks with regular vertical fractures and

horizontal bedding planes, there is usually a much higher probability of wells encountering

horizontal openings than vertical fractures. In fractured carbonate rocks, successful and

unsuccessful wells can exist in close proximity, depending on the frequency of encounter of

fractures by the well bore. Seasonally, the water levels in shallow wells can vary greatly because

the bulk fracture porosity is a few percent or less (Freeze and Cherry, 1979). Figure 4-5 is from

Freeze and Cherry (1979), and attempts to depict this relationships between fractures and bedding

to help explain the response of groundwater to these features and to wells intersecting none or

some of these flow conduits.

In some carbonate rocks, lineations of concentrated vertical fractures provide zones of high

permeability. Zones in which fractures are concentrated are the zones of most rapid groundwater

flow. Dissolution may cause the permeability of such zones to increase (Freeze and Cherry,

1979). Intensive studies of lineaments in carbonate rock have shown that the probability of

obtaining successful wells is greatly enhanced if drilling sites are located along lineaments or at

their intersections (Lattman and Parizek, 1964; Parizek and Drew, 1966 in Freeze and Cherry,

1979). In some areas, however, excessive thicknesses of overburden prevent recognition of

bedrock lineaments. Figure 4-6 is from Freeze & Cherry 1979, and illustrates a situation where

fracture intersections and lineaments are reflected in the morphology of the land surface.

Figure 4-7 presents an estimation of the general flow of the water table. The estimated water table

elevation contours were created by connecting streambeds of the same elevation on the USGS

topographic map. The site is located within the drainage basin of Threemile Creek. Based on this

estimated flow, the recharge area for the site is located to the north. The upper boundary of the

basin relevant to the site is interpreted to be along the ridge located approximately a mile north of

the site. Much of this area to the north is underlain by the Fort Riley Limestone and Florence
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Limestone. Precipitation infiltration into these upgradient limestone units provides recharge to the

water table. The water which enters the Fort Riley Limestone will migrate horizontally through

permeable zones (i.e., bedding planes).

It is thus interpreted that groundwater primarily flows horizontally along bedding planes and

solutioned zones in the limestone units. The interbedded shales have relatively low permeability

and tend to prevent or at least severely limit flow between the limestone units; however, when an

open vertical joint or fracture is encountered, some water will potentially migrate downward and

provide recharge to the underlying formation. The amount of water flowing downward versus

continuing horizontally will depend on the relative openness of the joints and fractures, and/or the

relative permeability of the bedrock units. This potential supply of recharge from above will also

sometimes cause an artesian condition locally in an underlying formation.

4.3 Site-Specific Conditions

The site-specific conditions are summarized below based on the results of the investigations

conducted at the OB/OD Area and information in published references. Discussed are the geology

and hydrogeology, the fate and transport of the contaminants, and the potential exposure pathways.

4.3.1 Geology and Hydrogeology

The information gathered from the site investigations (including lithological and geophysical logs)

were used to generate geologic cross sections of the OB/OD Area. The cross section locations are

shown on Figure 4-8 and the cross sections are presented on Figure 4-9.

The soils found at the OB/OD Area generally have a high available water capacity and, in general,

readily transmit water. Surface run-off is moderate and infiltration of precipitation would move

downward through the soil layer. The soils at the site are depicted on Figure 4-10. As shown, the

soils in the area of the OB/OD Area are characterized as silt loams and silty clay loams.

In general, the bedrock units beneath the OB/OD Area are flat-lying with relatively uniform

thicknesses and, as a result, elevation becomes a good indicator of stratigraphic position. Based

on the bedrock geologic map, the demo pits and the North Bum Pit are situated on the Blue Springs

Shale and the South Burn Pit is located on the Wymore Shale. Much of what directly underlies

these areas is overburden and weathered bedrock derived from these formations.

Although some seepage through the shale formations may occur, it is interpreted to be relatively

limited based on the low permeability of these types of formations. The limestone units are

therefore assumed to contain the zones which most readily transport groundwater. The affected

limestone units beneath the OB/OD Area are the Kinney, Schroyer/Havensville, and the

Threemile. These units are discussed in greater detail below.
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4.3.1.1 Kinney Limestone

The flow of groundwater in the Kinney (under a horizontal gradient of approximately 0.004 ft/ft)

is depicted on Figure 4-11. Aside from direct precipitation infiltration, this would be the first

groundwater to contact and transport contaminants deposited in the demo pits and the North Burn

Pit. The flowing spring adjacent to the North Burn Pit is a surface exposure of groundwater from

the Kinney. This is most likely due to a high permeability feature (near, or slightly below, the

contact with the underlying Wymore Shale) intersecting the ground surface. This spring provides

recharge to the downgradient "mesic area" (an overburden-filled area where the underlying

Schroyer Limestone has apparently been eroded). During seasonal high water conditions (e.g.,

January 1998), groundwater from the Kinney discharges to and flows in the intermittent stream

along the eastern side of the site.

In addition to the primary horizontal movement, some groundwater in the Kinney may also move

downward via vertical pathways (i.e., vertical joints, fractures). The potential for this migration

is documented by the downward gradient (approximately 0.5 ft/ft) between the Kinney and the

Schroyer/Upper Havensville (the next underlying limestone unit); although it is noted that

downward gradients do not necessarily translate into significant downward flows, depending on

the existence of vertical flow pathways such as joints and fractures. The occurrence of some

downward seepage of groundwater on this downward potential may be documented by the presence

of some dissolved contaminants in the underlying formations.

4.3.1.2 Schroyer Limestone/Havensville Shale

The South Burn Pit is underlain by the Schroyer Limestone and upper portion of the Havensville

Shale (limestone and shale), downgradient from the demo pits and the North Burn Pit. The flow

of groundwater in the Schroyer/upper Havensville is depicted on Figures 4-12 through 4-15. This

would be the first limestone unit to receive and transport contaminants deposited in the South Burn

Pit. On average, the general flow direction within this unit (under a horizontal gradient of

approximately 0.01 ft/ft) is consistent with the estimated flow direction for the water table in this

portion of the Threemile Creek drainage basin (Figure 4-7). In looking at the individual layers

within the unit, as indicated on Figures 4-12 through 4-15, there is a component of horizontal flow

towards the intermittent stream bed on the western side of the site, as well as to the north-

northwest. As discussed above, in some carbonate rocks, lineations of concentrated vertical

fractures provide zones of high permeability and these lineaments can be reflected in the

morphology of the land surface. Also as stated above, the relationship between drainage and the

regional joint system is revealed by the pronounced angular pattern of upland drainage, particularly

where joint development is good.

It is interpreted that a portion of the intermittent stream bed is a lineament of a vertical joint,

portions of which may be developed well enough to locally provide drainage and influence the flow

direction of groundwater in that unit. The orientation and location of these interpreted vertical

joint fractures are indicated on Figure 4-4. The strike of the lineament is approximately N200W

which is, as discussed above, consistent with published values for the northerly trending strike set

in this area. Likewise, a vertical joint fracture of the westerly trending dip set (90 degrees to the

strike set) (Figure 4-4) could explainthe north-northwest component, even though a lineament is
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not obvious. As stated above, excessive thicknesses of overburden can prevent recognition of

bedrock lineaments. This flow component appears weaker than the west-southwest flow, indicating

that such a vertical joint fracture may not be as well developed here.

The nested piezometers (OB97-09PZ, OB97-1 1PZ, and OB97-12PZ) document an artesian

condition at the base of the water bearing unit in the upper portion of the Havensville. This

condition indicates that this zone has the highest permeability in the unit and the best hydraulic

connection with the overlying groundwater. When the water table is high enough (e.g., January

1998), groundwater from this unit is exposed in the intermittent stream along the western side of

the site.

In addition to the primary horizontal movement, some groundwater in this unit may also move

downward via vertical pathways (i.e., vertical joints, fractures). The potential for this migration

is documented by the downward gradient (approximately 0.9 ft/ft) between this unit and the

Threemile Limestone (the next underlying limestone unit). The occurrence of at least some

localized downward seepage of groundwater on this potential may be documented by the presence

of some lower levels of contaminants in the Threemile Limestone.

4.3.1.3 Threemile Limestone

The flow of groundwater in the Threemile Limestone cannot be fully interpreted from the existing

information. Three monitoring wells are screened in the Threemile Limestone (OB-93-03, OB-93-

04, and OB-97-05), however, so a simple three-point solution can be prepared. Using the

groundwater elevations recorded from these wells, a horizontal flow to the northeast is indicated,

which is the opposite direction of the flow in the overlying formations.

While this interpretation may prove to be correct (likely attributable to preferential drainage via

structural features), such a solution may also present a potentially incorrect or misleading

interpretation, especially if vertical gradients are present. This is because the three point solution

is based on wells which are not all consistently screened in the vertical plane. To avoid distortion

when interpreting horizontal gradients in the presence of vertical gradients, it is important to use

groundwater elevations from wells screened in the same vertical plane. Two of the Threemile

Limestone wells have 15-foot screens (OB-93-03 and OB-93-04), and one has a 10-foot screen

(OB-97-05). Although there is some overlap, all three wells screen different elevation ranges. If

a vertical gradient is present within the unit (either upward or downward), a distorted interpretation

of horizontal gradient could thus result. For this reason, interpretation of the groundwater flow

direction in the Threemile Limestone must be deferred until additional and more definitive

information becomes available.

4.3.2 Contaminant Fate and Transport

The predominant contaminant detected in the groundwater at the OB/OD Area is trichloroethylene

(TCE), a common chlorinated solvent and volatile organic compound. Based on the distribution

of TCE (from monitoring well sample analytical results) and the flow direction of the groundwater

(discussed above), this common solvent was most likely released in the area of the burn pits and/or
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demo pits. The time and location of the release (or releases) is unknown. Several small releases

may have occurred, over time, at various locations within these areas. Whatever the scenario, the

magnitude of the release (or releases) was evidently minor and/or well in the past because there

is no indication of any residual product currently existing at the site. According to Estimating

Potential for Occurrence of Dense Non-Aqueous Phase Liquids (DNAPL) at Superfund

Sites(USEPA, 1992), the concentrations of DNAPL-related chemicals in groundwater would have

to be greater than 1 % of the pure phase solubility of the DNAPL to indicate the presence of

residual product at the site. The pure phase solubility of TCE is approximately 1,100 mg/l. One

percent of this concentration is 11 mg/l or 11,000 gtg/l. The highest concentration of TCE detected

at the site is 570 tg/l in OB-97-07 (December 1997), which is between one and two orders of

magnitude below the threshold.

After being released to the ground, the TCE was transported downward through the soil by

infiltration of precipitation. It then entered the first occurrence of groundwater within the Kinney

formation and was transported with the primary flow in that unit. Contaminants migrated to the

east with this flow, as well as to the west, via the flowing spring. The water flowing from the

spring shows the highest concentration of contamination in this unit. This spring provides recharge

to the downgradient mesic area (an overburden-filled area where the underlying Schroyer

Limestone has apparently been eroded). Some of the dissolved contaminants may have also seeped

downward to some extent (as discussed above), ultimately reaching the Schroyer/Upper

Havensville.

In the Schroyer/Upper Havensville, the contaminants also migrate with the primary flow of

groundwater (as discussed above). Figure 4-16 depicts the distribution of TCE in this unit. Again,

the highest concentrations are detected in the most permeable zone (OB-97-07[570 j.g/l] and OB-

97-13PZ(2)[200 ig/l]). The cores for OB-93-04, OB-97-05 and OB-97-06 indicate a solutioned

zone at approximately elevation 1135 ft msl. This zone is intersected by the screens of monitoring

well OB-97-07 and piezometer OB-97-13PZ(2). Another permeable area in this unit is the

overburden underlying the mesic area, where the bedrock of the unit has apparently been eroded.

The wells located there (hand dug well/OBHD-97-14 and OB-97-08) show concentrations of TCE

around 100 tg/l. This is approximately the same concentration detected at the sprinig, which

provides recharge to this overburden area. Some of the dissolved contaminants may have also

seeped downward to some extent (as discussed above), ultimately reaching the underlying

Threemile Limestone.

In the Threemile Limestone, the contaminants would also migrate with the primary horizontal flow

of groundwater (which is presently undetermined, as discussed above). Figure 4-17 depicts the

distribution of TCE in the Threemile Limestone based on the limited data available. Some

dissolved contaminants appear to have seeped downward, likely via vertical joints or fractures

connecting with the overlying shale of the Havensville. Contaminant levels in this unit are much

lower than in the overlying units. This reduction in concentration has likely occurred during

movement from the Schroyer/Upper Havensville to the Threemile Limestone. The highest

concentration in the Threemile Limestone, 17 ig/l in OB-93-04, is an order of magnitude less than

the highest levels in the overlying unit.
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5.0 SUMMARY AND CONCLUSIONS

Since 1941, the OB/OD Area was used for ordnance disposal by open detonation and open
burning. Burning is no longer conducted at the site. The results of the environmental
investigations indicate that low levels of chlorinated solvents, predominantly TCE, are present in
the groundwater beneath the site. The highest concentration of TCE detected in the groundwater
is one to two orders of magnitude below the concentration which would indicate the presence of
any residual product. Review of available information and testimony regarding past practices at

the site did not identify a discrete source or practice related to the potential release of solvents at
the site. Due to the long period of site use and the low levels of dissolved contamination identified,
it is difficult to identify the exact location where the contaminants may have been released. In fact,
there may actually have been several small, sporadic releases in the past at different locations
within the OB/OD Area. However, based on the distribution of the TCE and the direction of
groundwater flow, the contaminants were released somewhere within the active and/or historical
open burn/open detonation areas bounded by the subject investigations.

After being released to the ground, the small quantities of TCE would have migrated downward
through the soil column to the water table via gravity drainage and precipitation infiltration. The

concentrations were low enough that the TCE was dissolved and moved with the flow of
groundwater (as opposed to being DNAPL, that would sink and persist as residual product and give
rise to much higher detections of contamination in the monitoring wells).

In general, the bedrock units beneath the OB/OD Area are flat-lying with relatively uniform

thicknesses. As a result, elevation becomes a good indicator of stratigraphic position. Based on
the bedrock geologic map, the demo pits and the North Burn Pit are situated on the Blue Springs

Shale, while the South Bum Pit is located on the Wymore Shale. Much of what directly underlies
these areas is overburden and weathered bedrock derived from these formations.

Although some limited seepage through the shale formations might ultimately occur, it is
considered to be of much less importance since the limestone units contain the zones which would
much more readily transport groundwater. The affected limestone units beneath the OB/OD Area
are the Kinney, Schroyer/Havensville, and the Threemile.

Contaminants released above the Kinney Limestone were dispersed with the primary groundwater
flow in this formation coming out of the higher land to the north. This moved some contaminants
slightly to the east, but also to the west via the spring at the base of the Kinney. The discharge

from the spring continues to the west, infiltrating into the overburden underlying the mesic area.

The contaminants dispersed in other directions in the Kinney and some also may have seeped

downward through the Wymore Shale to the underlying water-bearing zone of the Schroyer

Limestone and upper portion of the Havensville Shale. The Schroyer/upper portion of the

Havensville is also the first water-bearing zone to receive contaminants that may have been
released at the South Burn Pit.

The highest concentration of TCE onsite (570 ptg/l) is identified in the Schroyer/upper portion of

the Havensville. For comparison purposes, the federal drinking water MCL for TCE is 5 jtg/l.
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In this unit, the contaminants also migrate with the flow of groundwater. The flow in this unit is
generally towards the intermittent stream to the west. Consistent with the regional geology, this
intermittent stream is interpreted to be the trace of a vertical joint which is providing a drainage
path for the groundwater in this zone. Smaller layers within the water-bearing zone flow more to
the northwest or the southwest depending on where the joint is best developed in contact with that
layer. The vertical joint also provides a potential pathway for some groundwater and contaminants
to migrate down to the underlying Threemile Limestone. In addition, some downward seepage
through the Havensville Shale may also occur. The interpretation that vertical seepage through
the shale units does not readily occur is evidenced by the TCE concentrations being one to two
orders of magnitude lower in the Threemile Limestone.

Human exposure potential is minimal. Human receptors within a 1-mile radius of the site are
limited to military personnel or contractors working at the OB/OD Area during OB/OD activities
and/or in areas immediately adjacent to the OB/OD Area. These receptors are considered transient
since their access is strictly controlled and they only use the areas on a limited and intermittent
basis. Surrounding land use consists of military training grounds to the south, an artillery and
mortar impact area to the north, and some wheat and grass farmlands to the southeast. With rare
exception, access to the OB/OD Area is restricted to EOD personnel, which only enter the area
to perform disposal.

The greatest potential for exposure to the groundwater contamination at the OB/OD Area is at the
spring adjacent to the North Burn Pit (Figure 4-1). This spring is flowing most of the time and the
water contains concentrations of TCE in the 100 to 300 Lg/l range. Exposure of the spring to

potential ecological receptors is possible as footprints of various indigenous wildlife (deer, etc.)
were observed onsite. The intermittent streams are dry most of the time, so this spring is usually
the only surface water on the OB/OD Area. It is possible that wildlife present on the OB/OD Area
are drinking from this spring.

A mesic (commonly moist, intermittently wet) area approximately 700 feet by 600 feet in size (10
acres) is located between the spring and the intermittent stream along the western side of the site.
This area is not listed as a wetland on the USGS 7.5 minute topographic quadrangles, the Fort
Riley installation map prepared by the Defense Mapping Agency, or the National Wetlands
Inventory. This area is usually not saturated. Any water that may appear is likely to be from
surface runoff. During periods of high water table, however, it is possible that some of the water
may be from the groundwater in the underlying overburden (which, like the spring, may have TCE
concentrations in the 100 to 300 jtg/l range). When wet, this area could present an additional

exposure potential for ecological receptors.

The intermittent streams located to the east and west of the OB/OD Area are usually dry and,

therefore, do not usually pose an exposure potential to human or ecological receptors. These

intermittent streams join about 1,000 feet south of the southern site boundary. This single tributary
continues south another 2,000 feet where it joins Threemile Creek. From this point, Threemile

Creek flows southeast and joins the Kansas River at the west side of Camp Funston. There are no
perennial streams within one mile downstream of the site, and there are no known uses of surface
water as potable water within 15 miles downstream of the site.
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The groundwater withdrawal well nearest to the OB/OD Area is located at Range 18 approximately

4,220 feet to the east-southeast of the site. This well is only used at the Range 18 maintenance

facility for non-potable purposes. No other wells fall within the one-mile radius of the OB/OD

Area. The next nearest wells are the Ogden supply wells located approximately 3 miles southeast

of the site. There is no realistic potential for exposure to the site groundwater contamination via

extraction from production wells.

6 August 1998 
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Well Development Records, and Purge Logs



APPENDIX A

Initial SI - September-October 1993 (Wells OB93-01 through OB93-04 and SB1
through SB8)

Drilling Logs
As-Built Diagrams
Well Specification Forms
Well Development Records

Mobilization #1 - March/April 1997 (Wells OB97-05 through OB93-08)

Drilling Logs
As-Built Diagrams
Well Specification Forms
Well Development Records

Mobilization #2 - June/July 1997 (Piezometers OB97-09 through OB93-13)

Drilling Logs
Well Specification Forms
Purge Logs -

OB93-01 through OB93-04, OB97-05 through OB97-13 and FPHD-14

FPHD-97-14 (Former Dug Well)

As-Built Diagrams



Initial SI -
September-October 1993
(Wells OB93-01 through OB93-04

and SB1 through SB8)



HTW DRILLING LOGIO930
i. COMPANY NAME 2. DRILLING SUBM-"N7TRACTOR SHEET I

Louis Bereer & Assoc.iates, Inc. Lavne WVestern - Witchita. KS 1OF 7 SHEET'S

S3. PROJECT 4. LOCATION
Hih Prioritv Site Investigation, Fort Rile', KS EOD Range. OB/OD area. Fort Riley. KS

5. NAME OF DRILLER 6. MANULFACTURER'S DESIGNATION OF DRILL
Rand, Smith and Ed Roe Acker Soil Max 90

7. SIZES AND TYPES OF 8.25" b0 12" augers O.D. 8. HOLE LOCATION
DRILLING AND SAMPLING 18" spoxns East Donegradient Well
EOUIPMENT Schram Rota Drill T66 OH 9. SURFACE ELEVATION

Dual tube drill using air and water 1181.05
10. DATE STARTED 11. DATE COMPLETED

25 September 1993 27 September 1993

12. OVERBURDEN THICKNTSS 15. DEPTH GROUNDWATER ENCOUNTERED
18" 35.0'

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
33' COMMENCED. 21.9' at 15 minutes

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECI-,P)

50.8'
18. GEOTECHNICAL SAMPLES DISTURBED UNDISTrRBED 119. TOTAL NUMBER OF CORE BOXES
NA. I

20. SAMPLES FOR CHEMICAL VOC METALS OTHER(SPECIFY) OTHER(SPECIFYl OTHER (SPECIFY) 21. TOTAL CORE
ANALYSIS RECOVERY
N.A-

22. DISPOSITION OF HOLE BACKFILLED MONrIORING WELL OTHER (SPECIFY 13. SIGNATURE OF INSPECTOR

__ _ __ _ x ED_

FIELD CORE
ITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO- COUNTS

0-3' CL 0.1 ppm N.A. N.A. 5-5-4

I j Clay, silty, low
iplasticity,

L-i reddish brown.
1 -- 5YR/4/4, firm, damp.

1H

2 --

3 - 5 No recovery.

Sloughing. Cuttings:
Clay, silty, low
plasticity.

4

5
PROJECT' HOLE NO.

Fort Riley fih Priority Site Invs tigatimo OB-93-OI

C'



HTW DRILLING LOG oB 9-ol

PROJECT INSPECTOR !SHEET 2

High Priority Site Investigation, Fort Riley. KS Ed Wieland OF 7 SHEETS

FIELD CORE
LrUH DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNrTS

0-0-0.5 - 8' SM
.0. Sand, with silt. some 0.1 ppm Slightly damp.
.0.0 clay, reddish brown.

Sand is fine, well-sorted,
0. 0.

S reddish brown to
0..0.'010.0 0 Syellowish red.

'0.0 .0.001 05YR/5/8, soft. damp.

0.0

0.0.0.

10-13SMG

0.0. 0.

D.0 -0 157a pes itt

0S 0. 0..000

0 .00

0.0.0.
*0.0.0.

0.0. 0.

.0.0.

.0.0. 8
0.0.0.

.0. 0.( - 0 . . -''-

0.0 .0.

Ims toSan, fine, well-sorted,
00 0 . Isome silt, slightly damp.
0.0r. 0.

-0.00.9
*0.0

.. 0.0
0. 0.0.

0. 0..

D. 0. 0C

0.0.0.

0. 0. T.0.0

0. 0.0.<

0.0 .0.

.0 y 10- 15' samples moist to0 0. Sand. with silt, some
- clay, contains pieces of wt

0 .0.0.limestone, gray-white,

0. VLM.soft, moist to wet.
00

*.0 .0

0. 0.
3;. 0. 0
1. 0 %4o

0* 12-
*0.0-0
0.0.0.

0. 0.

0.0%

0.0
.

0.0.0.
0.0. 0. -

.0.

0.0 .34 ppn IHOLE N.
f~, Frt R'i ih Prkinzy Site lwiation OB-93-01
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HOL.E NO.HTW DRILLING LOG IoB-.01
PROJECT ]INSPECTOR SHEET 3

Highi Priority Site Investigation, Fort Riley, KS IEd Wieland OF 7 SHEETS

FIELD CORE

UTH DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

S- 13 - 15' SM, GM N.A. N.A 16-15-17 10 - 15' samples moist
o o Sand. fine to medium to wet.
o o - grade, yellow 10 YR/7/6

... . with chunks of

o " 14 'limestone -- gray-white.
o 4 moist to wet.

o o 15 - o O ' - s- is scc~c15 - 20' samples moist
'o ° °  Sand. fine to medium to wet.
o ° - .grain, yellow/white, witt
o° o' Z pebbles of limestoneNoe
o a 16 ad other little On 26 September 1993

oo°  fragments. Some clay at 08:35 water level 16.0'0o 0 as matrix wet.

o _ bgs -- draw down to 18
000o

%  bgs with bailing 6.5
000

O 1 gallons. At 09:20, water
o o level was 16'.

0 Cl reacts w ro-

) O -. chloric acid. Wet.

0 0 0

0 00

1 0 0.4 ppm N.A N.A.

0- 
R g an el w wie it oe :c sw t

0 Limestone, weathered,
-- olive 5Y/4/4. hdochloric acid.0 -- adtr20.5' End of auger

19- f. drilling. 6" surface0casing 
set to 20.5'. 78

0 0 gallons of water used in
== grout for setting surface20 50/4 refusal

0Grey limestone with asi

0= 25 1glos.tember wte

= interbedded maroon 2 etm e)weathered shae. 27 Begin
=x= imetoneis elldual tube drilling.21 indurated.

0: 0l-;a

C 00-0



HTW DRILING LOG .OB-9-1-01
PROJECT INSPECTrOR SHEET 4

Highi Priority Site Investigation, Fort Riley, KS Ed Wieland OF 7 SHEETS

FIELD CORE
LITH. DEPTH DESCRIPTION OF MATERIAJS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

Grey limestone with Logged from air rotary
interbedded maroon cuttings.
weathered shale.
Limestone is well
indurated.

22 ----------------------- 0.1 ppm N.A N.A Approximately 19 gals.

of water used while dual
tube drilling.

23

24

25 25 -281

---- -- Brownish gray shale.
Interbedded clay lenses.

------ - Moderately consolidated.
Not indurated.----- 26_

27

28::: 28 -32'

Tan grey shale.

jPROJEC" IHOLE NO.
ft&A@rtydi-~ Frt R&7e High Pnonty Site IVWUsbabM - AMb"~f AMuyAi FeM 093



HTW DRILLING LOG HOLE No

PROJECT INSPECrOR SHEET 5

High Priority Site Investigation, Fort Riley, KS Ed Wieland OF 7 SHEETS

FIELD CORE
LITI-I DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COLTNTS

30

31

----32 -
32.0 - 33.0'
Dark brownish gray shale
with interbedded clay
lenses.

-- --3 3 - -- - - - - - - - - - -33.0 - 38.0' Very hard to drill.
Gray limestone. Well
indurated.

34

0.1 ppm First water.

36

37PRQJT CHOLE NO.
Fort Rily High PR=iay Se In taiatmm - Mardaf ArMAir Feld 'OB-9M-O

CS



HTW DRELLING LOG o&TIo.
PROTECr INSPECTOR SHEET 6
High Priority Site Investigation, Fort Riley, KS IEd Wieland OF 7 SHEETS

FIELD CORE

LIT. DEPTH DESCRIPTON OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

End of water.
38 38.0 - 45.0' 0.1 ppm Hard to drill.

Black well indurated
shale.

39

40 u

41

42

43

44

45

ORO= HOLE NO.

R&-yHighPri* Sie Imstiatins O43"



HTW DRILLING LOG 0&93 -0.

PROJECT INSPECTOR SHEET 7
High Priority Site Investigation, Fort Riley', KS Ed Wieland OF 7 SET

FIELD CORE
LrrH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS
[mr:=:- ""45.0.-50.8'5- 0Easy to drill.

.':= Dark gray shale. Poorly
indurated. Interbedded
clay lenses.

- 46 -

'i47-

48

Total Depth = 50.8'. 108
gallons of water used in
well construction.
Approximately 50 gallon4,
of water used while
drilling. Source of non-

50- chlorinated water was
BLDG. 2000, Well No. 7,
at Camp Forsyth, on

0.1 ppm McCormick Rd.

51 Bottom of hole.

52-

53IPROJEC 
HOLE NO.

Foly-- rt iky High Priority Site Invest",atiam OB-93.01
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Client: u. s. Army Cm of E-in Project No.: High Priority sI

LOUIS BERGER & Project: Ft. Riley igh Priority SI Page: Page 1 of I

ASSOCIATES, INC. Prepared by: Ed Wieland Date: 3-OCT-93

Checked by: Peter Li Date: 18-FEB-94

MONITORING WELL AS-BUILT DIAGRAM
Driller: Layne western Well No.: OB-93-01

Drilling Method: 8.25"x" augers, I" spoon to refusal, Date Installed: 28-SEP-93
air rotary dual tube to TD.

Location: OB/OD Are

Elevations: SURFACE CASING:
Ground Surface 1181.05' Size: 6"
Top of PVC 1182.67' 3 Material: Steel

Depth: 20.5'
Ground Elevation: 0 ME

I Outer Casing Drill Hole Diameter:
_-___18" (0' - 20.5')

20.5' 5.25" (20.5' - 50.8')

Riser:
Surface Seal Material Diameter: 2"

Material: PVC
5% Bentonite Grout Sc.: 40

Type of Joints: Flush Thread
Type of Annular Seal Length: 27.8'

Cement Grout w/5% Bentonite Stick- Up: 2.33'

Q ~ 17.6'
Screen:

ri I Diameter: 2"
Type of Seal Material: PVC

1/4" Bentonite Pellets 0.02
2Slot Size:

0 Length: 15'
s Screened Interval:40 .5 ' - 25.5'
0

Type of Filter Material Length: 4" Cap
CU Type of Cap: Threaded PVC

Clean Washed Sand

40.8' Centralizer: Used X

T Not Used
Type of Seal Depths: 25.8' & 40.8'NA None at Base

Type of Backfill Depth to Water
Clean Washed Sand From Top of Riser

50.8' _le______hedSad at Completion: 21.95'

Form: ftrly\mwdiagrm.prs Note: Not to Seie

C



WELL SPECIFICATION FORM

CLIENT: Louis Berger & Associates, Inc.

JOB NUMBER: High Priority SI

WELL OWNER: Fort Riley & HQ 1st Division

ADDRESS:

CITY, STATE, ZIP CODE: Fort Riley, Kansas

PHONE: (913) 239-3343

WELL NUMBER OR OTHER IDENTIFICATION: OB-93-01

WELL INSTALLATION DATE: 28 September 1993

GEOLOGIST SUPERVISING INSTALLATION: Mike Miles (SAIC)

GROUND SURFACE ELEVATION (FT): 1181.05'

TOP OF CASING ELEVATION (FT): 1182.67'

WELL STICK-UP (FT): 2.33'

TOTAL BORING DEPTH (FT): 50.8'

BORING DIAMETER (IN): 0' TO 20.5' = 8", 20.5' TO 50.8'= 5.25"

TOTAL DEPTH OF OUTER CASING (Fr): 20.5'

OUTER CASING MATERIAL: Steel

OUTER CASING DIAMETER (IN): 6"

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): Total Length = 27.8'; From Surface = 25.5'

INNER CASING MATERIAL: PVC

INNER CASING DIAMETER (IN): 2" SCREENED INTERVAL (FT): 40.5' - 25.5'

TOTAL LENGTH OF WELL SCREEN (Fl": 15'

WELL SCREEN MATERIAL: PVC

WELL SCREEN DIAMETER (Fl7): 0.167

SCREEN SLOT SIZE (IN): 0.020"

C9



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: OB-93-01

BACKFILL MATERIAL AROUND SCREEN: Clean Washed Silica S.itlj (10-20)

DEPTH RANGE OF BACKFILL (FT): 50.8 TO 21.25'

SEAL MATERIAL ABOVE SCREEN: 1/4" Bentonite Pellets

DEPTH RANGE OF SEAL (FT): 21.25' TO 17.6'

BACKFILL MATERIAL AROUND CASING: Cement Grout with 5% Bentonite Grout

DEPTH RANGE OF BACKFILL (FT): 17.6' TO 0'

DESCRIPTION OF TOP SEAL: Cement grout topped by a 3' diameter pad and 8" of 3/4" gravel.

DESCRIPTION OF WELL COVER: 6" steel cover, embedded 2' into grout and concrete with secure locking cap.

OTHER ADDI ,. NAL INFORMATION: Backfilled hole with sand from 50.8' to 40.8' before setting well.

LOUIS BERGER AND ASSOCLATES, INC. DECEMB.R 1993

WELL SPECIFICA77ON FORM

C



WELL DEVELOPMENT RECORD

CLIENT: Fort Riley - High Priority Sites JOB NO: High Priority SI

FIELD PERSONNEL: Mike Miles (SAIC), Ray Weakly and Randy Smith (Layne Western) SHEET: I OF: 1

I. WELL NUMBER: OB-93-01

2. DATE OF INSTALLATION: 27 September 1993

3. DATE OF DEVELOPMENT: I October 1993

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT (FT): 23.4' 24 HOURS AFTER (FT):

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED (GAL): 50 gal.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT (GAL): 8 gal.

START DURING END

7. PHYSICAL APPEARANCE cloudy clear clear clear

SPECIFIC CONDUCTANCE (imhos/cm) 420 442 442 442

TEMPERATURE (0 C) 15.5 14.1 14.1 14.1

pH (s.u.) 6.83 7.10 6.55 6.64

TURBIDITY (NTU) - 6.22 2.11 1.25

8. DEPTH FROM TOP OF WELL CASING TO BOTTOM OF WELL (FT): 53.1'

9. SCREEN LENGTH (FT): 15"

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT (FT): 42.1' AFTER DEVELOPMENT (FT): 49.4'

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT: 1 7/8" Surge block, 1 1/2" x 3 ' bailer, and 2" Gnindfos Pump.

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: Surge, bail, and pump.

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE (FT): 1.8

14. QUANTITY OF WATER REMOVED (GAL): 1100 gal TIME OF REMOVAL (HR:MIN): 4:05

LOUIS BERGER AND ASSOCIATES, INC. DECEMBER 1993
WELL DEVELOPMENT FORM

C;



JHOLE NO.HTW DRILLING LOG IoB-.1-o
1. COMPANY NAME 2. DRILLING SUBCONTRACTOR ]SHEET I

lki~uis Bereer & Assox.iates, Inc. Lavne W',estern - Witchita. KS [OF 10 SHEETS

3. PROJECT i4. LOCATION
Hieh Priorit" Site Investigation, Fort Rile,. KS EOD Range. OB/OD area. Fort Riley. KS

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL
John _Grnick and Ed Roe _ _

7. SIZES AND TYPES OF Mobile B7 4.25 x 8" auger S. HOLE LOCATION
DRILLING AND SAMPLING Sehram Rota Drill T66 OH Upradient monitorine Well
EQUIPMENT Dual tube drill using air and water 9. SURFACE ELEVATION

approxmatel' 1207.49'

10. DATE STARTED 11. DATE COMPLETED
26 September 1993 29 September 1993

12. OVERBURDEN THICIKNESS 15. DEPTH GROUNDWATER ENCOUNTERED
37.3' 62.0'

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
14.7' COMMENCED. 49.26' at 15 minutes

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASIREMENTS (SPECIFY)
72.0'

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES
N.A. 1 _

20. SAMPLES IOR CHEMICAL VOC .METALS OT'I-'P. (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
ANALYSIS RECOVERY

N.A.

22. DISPOSITION OF HOLE BACK.FILED MONrORING WELL OTHER (SPECIFY) '3. SIGNATUR.E OF INSPFcT"OR

FIELD CORE
LITIi DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

0.0 - 4.5' 0 ppm 0 - 14.5': Moist.
Tight, moist clay,
medium brown, plastic,
minor limestone
fragments, moist.

5 0 ppm
PROJECT HOLE NO.

Fun R t R rjfh Primty Site nst.mtaiioa I OB-93-02
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HTW DRILLING LOG oB 93-o.

PROJTECT INSPECTOR SHEET 2
High Priority Site Investigation. Fort Riley. KS ISteve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

4.5.-9.09 0-14.5': Moist.
Tight, moist clay,
medium brown,
plastic, minor

6 limestone fragments.

Clay with abundant
limestone fragments,

cream-white, well
indurated, moist.

9 - 14.5' ppm
Cla grades to light (9_.- 14.;')

10 anbrwnwith minor
limestone fragments.

C13



HOLE NO.HTW DRILLING LOG _OB-9-302

PROJE-" INSPECTOR SHEET 3

HighP: ,.ity Site Investigation, Fort Riley, KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
.. TH. DEPTH DESCRIPTION OF MATERIAIS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COLNTS

14- U

14.5 - 16.8' CI4ML 0 ppm 14.5 - 16.8' Moist.
Silty clay, light tan,

15 . weak and plastic,
-moist, with well-sorted
silt/very fine sand
fraction.

16-Z

0000 Interval 16.8 - 16.9'00017- 0
0 0 o - partially saturated.

"r Lower contact
-- 0grat )nal.

0 0

0 0 C 16.9 - 19.5' SC
0 0 0 Clayey sand, dry very

well sorted, minor clay
0 0 0content, some

0 0 0 plasticity..
0oc 0 0 a tpproximately 2' lost in00 00

00 0run.
02ppm No sample from 19.5 -19.5 -24.5'

20 22.0'.

21.-

-- O bUI HOLE NO.
Slr Riley H PnontySie s mam0&M



HOLE NO.HTW DRLLING LOG OB-9-_02
PROJECT INSPECTOR SHEET 4

High Priority Site Investigation, Fort Riley. KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
TI DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COLNTS

22.0- 23.2' CL 22.0 - 23.2' Moist. At
- Clay, light brown, 23.2' it was the end ofE moist, with abundantSimst wtabudnts moisture in all samples;

i _ limestone fragments.

-oall below (to 62') were
2-- ----- ---- ---- ---- d ry .

=23.2-24.5'

= Light green gray clay
with thin bedding or

24 lamination, and minor
angular granules. Dry,
non-plastic, and 24.5 - 27.0' No sample.
weakly indurated.
Possibly lacustrine as

25 opposed to
colluvial-looking clay
from 22.0 - 23.2".

26

27 " 27.0 - 29.5' CL

Light green gray with thin
bedding or lamination,
and minor angular
granules. Dry,

28 non-plastic, and weakly
indurated. Possibly
lacustrine as opposed to
colluvial-looking clay

-Ifrom 22.0 - 23.2".
29 -- PE ~.. ~ FHOLE NO.

fIFort R fly Ch rniySit Irvs "gawm - MansaanArmy Ar Fied OB-93-02

Cl:



HOLE NO.HTW DRILLING LOG OB . .2
PROJECT INSPECTOR SHEET 5

Hih Priority Site Investigation, Fort Riiey. KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
IT-. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COLrNTS

29.5 - 31.7' CL

Clay. Color is light to
medium olive brown,
minor angular limestone

30 - fragments, dry and blocky
with no laminae, moder-
ately indurated, and
becomes silty at base.

r31

--31.7 -37.3' CL

32 Clay. Light green-gray,
minor to no silt, minor
orange-brown oxidation
mottles. Laminated and
slightly fissile. but less

33 -fissile and more blocky
towards base.

34-

0 ppm

35-

36-

37- , RO.JyOLE - I.E NO.

An't RkylfUgh PrxMtYSICIAbatiM Mrbl i FwH OB-93-02

C16



HOLE NO.HTW DRILLING LOG _OB_9302

High Priorit Site Investigation, Fort Riley, KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
LlTH- DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULIS NO. NO. COUNTS

--37.3 - 39.3,
Shale, bedrock, dry.
Light grayish green, well

38 ndulated with
- -- nterbedded lenses of

xeathered shales with
------ =xidation stains.

-- 26 September
27 September
Dual tube drilling began.

40.0 - 45.0' 0 ppm Logged from air rotary
Dark gray shale, poorly
indulated. Dry.

--41

43

44-

tPROC ~HOLE NO.
F iffi Hihioity Site Iawstgahxm O0B-93-02
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Hig LroiySieIvigtio g r shaley, Dry.eeKclradh~ e F 0SET

51Light gray shale. Sfdry.

52-

53--- 47___________ _________ ________________

------ ~ HOL NO. g a s ae.D y
48~ikir.Rny~ rat St wsg~

49-i



HTW DRILLING LOG HOL NO.

PROJECT INSPECTOR SHEET S

High Priority Site Investigation, Fort Riley, KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE

LITH DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

53.0 - 60.0' 0 ppm Hard to drill.
::-----: ZGray shale. Well indurat-

ed. Interbedded lenses of
--"----- stiff-very stiff clay. Dry.

------ 54

---- 55

------ 56-

-Gray shale. as above.

------- 57

---- 58-

- Gray shale, as above.

59-

60- 60.0-61.0' Very easy to drill.
- Gray weathered shale.

=Dry. Soft. Poorly
indurated.

61- 1.-1 -- 1-1- 1: 6

1PROzECr HOLE NO.
Frt iay High Prionry Site Investatiom 'OB-93-02

C79



HTW DRHLING LOG O OB-93..02

PROJELT INSPECTOR SHEE 9

High Priority Site Investigation, Fort Ri.:y, KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
LrFH DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

o0 ppm Very hard to drill.

62 _162.0 - 65.0' • Water.
-Light gray limestone.

63

64 -

65 ppm End of water bearing
Grayish black shale. Hard. unit.
Dry.unt

66 -

67-

68-

69 - 1 1 1

ON= ~ HOLE NO.

C20



HTW DRILLING LOG HOL No.
PROJECT INSPECTOR SHEET 10
High Priority Site Investigation, Fort Riley, KS Steve Keller and Mike Miles OF 10 SHEETS

FIELD CORE
LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COLTS _

70

End of boring. Total
depth = 72'. Used

71 approximately 55 gallons
of water while drilling.

- 72.0' 0 ppm 120 gallons of water in
- Dark gray shale with inter
-- bedded blackish-gray clay grout for surface casing.

lenses.

Bottom of hole. Note: Water source for

drilling fluid: Bldg. 3200
Well No. 7, Camp

73 Forsyth on McCormick
Rd.

74

75-

76-

PWC HOLE NO+
fnty Fort y Hu Prxiity Site Invesi"ntiom HO&-93.02

021



Client: U. S. Army Coms of Eninr Project No.: High Priority SI

LOUIS BERGER & Project: Ft. Riley High Priority SI Page: Page 1 of I

ASSOCIATES, INC. Prepared by: Ed Wieland Date: 3-OCT-93

Checked by: Peter 1i Date: 1S-FEB-94

MONITORING WELL AS-BUILT DIAGRAM

Driller: Layne Western Well No.: OB-93-02

Drilling Method: s.25"x8" auger with CME continuous sampler to refusal, Date Installed: 29-SEP-93
air rotary dual tube to TD.

Location: OB/OD Area

Elevations: SURFACE CASING:
Ground Surface 1207.49' Size: 6"
Top of PVC 1209.11' Material: Steel

Depth:373

Ground Elevation: fl 
Det:3-

G lOuter Casing Drill Hole Diameter:
x 1 8" (0'- 37.3')

37.3' 5.25" (37.3'- 72')

Riser:
Diameter: 2"

Surface Seal Material Material: PVC

5% Bentonite Grout Sch.: 40

Type of joints: Flush Thread
Type of Annular Seal Total Length: 58.2'

Cement Grout w/5% Bentonite Stick-Up: 1.53'

1 -, 43.9'
Screen:

I Diameter: 2"
Type of Seal Material: PVC

1/4" Bentonite Pellets 0.02
o 53._- Slot Size:

Length: 15'

EScreened Interval: 7 1 "7 ' - 56.7'

Sump: 4 a
Type of Filter Material Length: 4" Cap

C s Type of Cap: Threaded PVC
~Clean Washed Sand-

72.0' Centralizer: Used X
T yp fSa Not Used -

Type of Seal Depths: 37' & 72'

NA 
None at Base

Depth to WaterType of Backfill From Top of Riser
72.0' Clean Washed Sand Frompo Riser___ ___________at Completion: 4.

Form: ftrly\mwdisgrm.pn 
Note: Not to Scle
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WELL SPECIFICATION FORM
CLIENT: Louis Berger & Associates, Inc.

JOB NUMBER: High Priority SI

WELL OWNER: Fort Riley & HQ 1st Division

ADDRESS:

CITY, STATE, ZIP CODE: Fort Riley, Kansas

PHONE: (913) 239-3343

WELL NUMBER OR OTHER IDENTIFICATION: OB-93-02

WELL INSTALLATION DATE: 29 September 1993

GEOLOGIST SUPERVISING INSTALLATION: Mike Miles (SAIC)

GROUND SURFACE ELEVATION (FT): 1207.49'

TOP OF CASING ELEVATION (FT): 1209.1 '

WELL STICK-UP (Fr): 1.53'

TOTAL BORING DEPTH (Fl): 72'

BORING DIAMETER (IN): 0' TO 37.3' = 8", 37.3 TO 72.0' = 5.25"

TOTAL DEPTH OF OUTER CASING (Fr): 37.3'

OUTER CASING MATERIAL: Steel

OUTER CASING DIAMETER (IN): 6"

TOTAL DEPTH OF INNER CASING (Fr. EXCLUDING SCREEN): Total Length = 58.2'; From Surface = 56.7'

INNER CASING MATERIAL: PVC

INNER CASING DIAMETER (IN): 2"

TOTAL LENGTH OF WELL SCREEN (Fl): 15' SCREENED INTERVAL (FT): 71.7' - 56.7'

WELL SCREEN MATERIAL: PVC

WELL SCREEN DIAMETER (FT): 0.167

SCREEN SLOT SIZE (IN): 0.020"

023



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: OB-93-02

BACKFILL MATERL-tL AROUND SCREEN: Clean Washed Silica Sand

DEPTH RANGE OF BACKFILL (Fr): 72' TO 53.2'

SEAL MATERlAL ABOVE SCREEN: I/4" Bentonite Pellets

DEPTH RANGE OF SEAL (FT): 53.2' TO 43.9'

BACKFILL MATERIAL AROUND CASING: 5% Bentonite Grout

DEPTH RANGE OF BACKFILL (FT): 43.9' TO 0'

DESCRIPTION OF TOP SEAL: 5% Bentonite grout capped by 8" of 3/4" gravel and 6" of concrete.

DESCRIPTION OF WELL COVER: 6" Steel Casing with locking cap, embedded 2' into the concrete.

OTHER ADDITIONAL INFORMATION:

LOUIS BERGER AND ASSOCL4TES, INC. DECEMBER 1993
WELL SPECIFICATION FORM
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WELL DEVELOPMENT RECORD

CLIENT: Fort Riley - High Priority Sites JOB NO: High Priority SI

FIELD PERSONNEL: Ed Wieland (SAIC), Brian Meier (Layne Western) SHEE 1: 1 OF: I

1. WELL NUMBER: OB-93-02

2. DATE OF INSTALLATION: 29 September 1993

3. DATE OF DEVELOPMENT: 2 October 1993

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT (FT): 50.11' 24 HOURS AFTER (FT):

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED (GAL): 55 gal.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT (GAL): 8.5 gal.

START DURING END

7. PHYSICAL APPEARANCE cloudy (milky) clear clear clear

SPECIFIC CONDUCTANCE (,umhos/cm) 448 448 445 445

TEMPERATURE (0 C) 15.2 15.9 15.9 15.9

pH (s.u.) 7.02 6.63 6.72 6.73

TURBIDITY (NTU) - 34.9 9.08 5.31

8. DEPTH FROM TOP OF WELL CASING TO BOTTOM OF WELL (FT): 73.5'

9. SCREEN LENGTH (Fl): 15'

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT (F): 73' AFTER DEVELOPMENT (FT): 73.2'

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT: 1 7/8" Surge block, 1 1/2" x 3 'bailer, and 2" Grundfos Pump.

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: Surge, bail, and pump.

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE (FT): 7'

14. QUANTITY OF WATER REMOVED (GAL): 360 gal TIME OF REMOVAL (HR:MIN): 4:18

LOUIS BERGER AND ASSOCIATES, INC. DECEMBER 1993
WELL DEVELOPMENT FORM
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HTW DRILLING LOG O-30

1. COMPANY NAME '2. DRILLING SUBCONTRACTOR SHEET I
Louis Berger & Associates, Inc. Layne Western - Witchita, KS OF 10 SHEETS

3. PROJECT 4. LOCATION

High Priority Site Investigation Fort Riley. KS EOD Range. OB/OD area. Fort Riley, KS

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

John Gornick and Ed Roe Mobile drill B-57

7. SIZES AND TYPES OF 4.25 x 8" Hollow Stem Auger 8. HOLE LOCATION

DRILLING AND SAMPLING CME continuous core sampler Central downgradient well
EQUIPMENT Schram dual tube rota drill T660H 9. SURFACE ELEVATION

1172.88'

10. DATE STARTED 11. DATE COMPLETED

26 September 1993 28 September 1993

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED

28.5' 67.0'

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING

48.5' COMMENCED. 49.2' at 15 minutes

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

77.0'

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

N.A. 1 1

20. SAMPLES FOR CHEMICAL VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 121. TOTAL CORE

ANALYSIS RECOVERY

N.A. 1 1

22. DISPOSITION OF HOLE BACKFILLED MONrTORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

X E D V IC /o( ,,',

II IoR fe ft I
LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RSLS NO. NO. COUNTS _______________

0-5' CL 0. 4 pp N.A N.A. 0- 10' dry.
Clay, silty, grayish
brown, firm, dry.
10YR/5/2.

PROJECT HOLE NO.

Fort Riley High Priority Site Investigations IOBOD-93-02

C6



LT.DEPTH DESCRIPTON OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

175 1' L0.4 ppm N.A N.A. 0 - 10'dry.
Clay, silty, soft, brown,
frm, dry. l0YR4/3.

HighPrioit moteInvstto, wit liesoneead O HET

6I

RESULTS NO NOLECOUO.

77

8-

9-

S10 - 14.5' CL 0.4 ppm N.A. N.A. 10 -15' moist.
iClay: brown, soft,

I- moist, with limestone
-- ,fragments (white), firm.

11--

13-=
PR.OJECT tOLE NO

ttr, M . I Fort Riley High IPtiorty Site: Investigations -- OBOD-93-03

C27



LII.DEPTH DESCRIPTON OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

1 10 - 14.5' (con.) 0.4 ppm N.A. N.A. 10 - 15' moist.
=Clay: brown, soft,

Hmoist, with limestone

~ifragments (white).

- 14.5 - 15.0' CL
_-- ,1Clay: gray to light olive brown,

f-mistith. im eson

15-

15.0 - 17.0' Shale is soft, clayey and
Shale, grayish brown. 0.2 ppm N.A N.A. fSSile,

-- Recovered 4' in the 15
-- --- - 20' interval.

----17 =17 17.0 - 20.0'

- - Shale, dark reddish
brown and dark olive

------ - -= brown.

18 -

20 20.0-20.5' Recovered 3.5' in the 20
-- Shale, gray. -25' interval.

I 05 - 21.5' Limestone
lense, wet, gray.

21 J 1, I I I I I I
. .. .PO T H iOLE NO.

l~y~zn .I Fort Riley High Priority Siue Invemigadow OBOD-93-03



HTW DRILLING LOG .oBNoD-3
PROJECT INSPECTOR SHEET 4
High Priority Site Investigation, Fort Riley, KS Ed Wieland OF 10 SHEETS

IEL CORE

LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

20.5-21.5'Limestone From 20.5 - 21.5' -- wet.
lense. wet, gray. Water came up to 14.6'

:::::: Z 1215 - 22.5' bgs at 16:55. Bailed at aShale, reddish brown.

rate of approximately 1
gallon per minute with
slight drawdown.

. . . .. . ..§ 1' 2 2 .5 - 2 3 .5 '

Shale, dark greenish---- ' Recovered 3.5' in the 20
23 - gray, mottled red. -5ie a

-25' interval.

23.5 - 25.0': Lost core.

-.--.--: 25 25 3.-- - - ----- 1p m N . . N A

.0.1 ppm N.A.N.A. Becoming difficult to
Shale, dark gray, fissile
hard, becomes olive auger. Stopped augers.
with depth. Begin dual tube drilling

------- :26 after setting surface
casing. Surface casing sei
to 28.4'. Used 100 gals.
of water in grout for settin

27 - surface casing.

-- 28

26 September
28 September

-:-=" 29
IHOLE NO.

ly1&filg-PnI Fort Riley High Priority Site Investigations - Maxshall Army Air Field iOBOD-93-03

29



HTW DRILLING LOG .oBo.-30
PROJECT INSPECTOR SHEET 5
High Priority Site Investigation , Fort Riey, KS Ed Wieland OF 10 SHEETS

LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

Shale, dark gray, fissile,
hard, becomes olive
with depth.

31

32

33

34.0- 40.0' 0.1 ppm N.A. N.A. Very hard to drill.
Dark gray limestone with
interbedded clay and
shale. Shale is well

-indurated.

35

IPROJECT POLE NO.
It*% dU%.Pn Fort Riley High Pnoriy Sue Invesugaions - Madhl Army Air Field OBOD-93-03

C31



HOLE NO.HTW DRILLING LOG IoBoD.94.o;
FREI INSPECTOR [SHEET 6

High Priority Site Investigation, Fort Riley, KS Ed Wieland OF 10 SHEETS

FIELD CORE
LT.DEPTH DESCRIPTON OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNS

38--

39-

40 -- - - - - - - - - -
- 40.0 - 44.0' 0.1 pprn N.A N.A. Begin to see an organic
- Light gray shale with material in the cuttings.

-interbedded clays. Shale
-is well indurated.

41-

--+44.0 - 48.01
-,Yelowish gray clayey
--'shale.

P ROJECTOLE N o .
l tiloglmFort Riley High Priority Site Investigations IOBOD-93-03



HOLE NO.
HTW DRILLING LOG OBO9303

PROJECT INSPECTOR SHEET 7

High Priority Site Investigation, Fort Riley, KS Ed Wieland OF 10 SHEETS

FIELD CORE
LrrH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

46-

47-

48 48.0 - 67.0' 0.1 ppm N.A N.A. Very hard. Started to
Dark gray limestones ith drill with water injection.

- interbedded clays and
shales.

49

50-

51

52

53 PROJECT WHOLE NO.
It~1d~gp Fort Riley High Priority Shc Investigations IOBOD-93-03
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HTW DRELLING LOG BOLOW93-0
PROJECT INSPECTOR SHEET 8
High Priority Site Investigation. Fort Riley, KS IEd Wieland OF 10 SHEETS

FIELD CR
1-171. DEPTH DESCRIPTON OF MATERIL.S SCREEN BO APE BLOW REMARKS

RESULTS NO. NO. COUNTS

IPROECT HOLE NO.
I ylfl . Fort Riley Hig Priority Site lnvestigations IOBOD-93-03

53



LOG HOLE NO.
HTW DRILLING LOG OBO.9303

1K7 INSPECTOR SHEET 9

High Priority Site Investigation , Fort Riley, KS Ed Wieland OF 10 SHEETS

FIELD CORE
LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

63

Becoming very hard to

61 drill.

66

S 67.0 - 74.0' 0.1 ppm N.A. N.A. Water.

Gray limestone, hard.

68-

PROJECT HOLE NO.

I Fort Riley High Priority Ske invemAnoa I OBOD-93-03

C4



HTW DRILLING LOG OBHO30
IN3=SPECTOR SHEET 10

High Priority Site Investigation . Fort Riley. KS Ed Wieland OF 10 SHEETS

FI=L CORE

LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

71

0.1 ppm N.A. N.A.

72

73

End of water bearing
unit.

74 Stopped drilling. Total
-74.0-77.0 0.1 ppm N.A. N.A. depth = 77'. Used 100

Reddish brown shales and
clays, moderately hard. gallons of water in setting

surface casing (grout).
75 - Used 140 gallons of watei

- in well construction.
: zUsed approximately 60

gallons of water in dual

76 - tube drilling.
- Non-chlorinated drilling
- source used: Bldg. 3200,

Well 7, at Forsyth on
Bottom of hole.

OJECT IOLE NO.
Fort Riley High Priority Sike Invemgabion OBOD-93-03

C35



Client: u. s. Ar-Y Co- of Enine, Project No.: High Priorit vSI

LOUIS BERGER & Project: FL Riley High Priority SI Page: Page 1 of 1

ASSOCIATES, INC. Prepared by: Ed Wieland Date: 3-OCT.93

Checked by: Pete Li Date: i

MONITORING WELL AS-BUILT DIAGRAM
Driller: LYne West- Well No.: OB-93-03

Drilling Method: s.25"x 8" auger with CME continuous sampler to refusal, Date Installed: 28-SEP-93
air rotary dual tube to TD. -

Location: OB/OD Area

Elevations: SURFACE CASING:
Ground Surface 1172.88' Size: 6"
Top of PVC 1174.82' Material: Steel

Depth: 28.5'
Ground Elevation: 0

Outer Casing Drill Hole Diameter:
I_ 8" (0' - 28.5')

28.5' 5.25" (28.5' - 77')

Riser:
Surface Seal Material Diameter: 2"

Material: PVC
5% Bentonite Grout Sch.: 40

Type of Joints: Flush Thread
Type of Annular Seal Total Length: 64'

Cement Grout w/5% Bentonite Stick-Up: 2,3Y

Ux
451.8'

Screen:
Diameter: 2"

Type of Seal Material: PVC
1/4" Bentonite Pellets 0.02

• 58.7' Slot Size:
- Length: 15'

Screened Interval- 76.7' - 61.7'
0

sump
Type of Filter Material Length: 4" Cap

CU Type of Cap: Threaded PVC
Clean Washed Sand

77.0' Centralizer: Used X
T p ofNot Usedj Type of Seal Depths: 62' -77'

NA 
None at Base

Type of Backfill Depth to Water
NA Clean Washed Sand From Top of Riser

at Completion: 47.0'

Form: ftrly\mwdigrm pr Note: Not to Scale
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WELL SPECIFICATION FORM

CLIENT: Louis Berger & Associates, Inc.

JOB NUMBER: High Priority SI

WELL OWNER: Fort Riley & HQ 1st Division

ADDRESS:

CITY, STATE, ZIP CODE: Fort Riley, Kansas

PHONE: (913) 239-3343

WELL NUMBER OR OTHER IDENTIFICATION: OB-93-03

WELL INSTALLATION DATE: 9-28-93

GEOLOGIST SUPERVISING INSTALLATION: Mike Miles (SAIC)

GROUND SURFACE ELEVATION (T): 1172.88'

TOP OF CASING ELEVATION (FT): 1174.82'

WELL STICK-UP (FT): 2.33'

TOTAL BORING DEPTH (FT): 77.0'

BORING DIAMETER (IN): 0' TO 28.5'= 8". 28.5' TO 77' = 5.25"

TOTAL DEPTH OF OUTER CASING (F'): 28.5'

OUTER CASING MATERIAL: Steel

OUTER CASING DIAMETER (IN): 6"

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): Total Length = 64': From Surface = 61.7'

INNER CASING MATERIAL: PVC

INNER CASING DIAMETER (IN): 2'

TOTAL LENGTH OF WELL SCREEN (FT): 15' SCREENED INTERVAL (PT): 76.7' -61.7'

WELL SCREEN MATERIAL: PVC

WELL SCREEN DIAMETER (FT): 0.167

SCREEN SLOT SIZE (IN): 0.020"

C7



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: OB-93-03

BACKFILL MATERIAL AROUND SCREEN: Clean Washed Silica Sand

DEPTH RANGE OF BACKFILL (FT): 77' TO 58.7'

SEAL MATERIAL ABOVE SCREEN: 1/4" Bentonite Pellets

DEPTH RANGE OF SEAL (FT): 58.7' TO 51.8'

BACKFILL MATERIAL AROUND CASING: 5% Bentonite Grout

DEPTH RANGE OF BACKFILL (FT): 51.8' TOO'

DESCRIPTION OF TOP SEAL: 5% E:-,-tonite Grout capped with a concrete pad.

DESCRIPTION OF WELL COVER: steel casing embedded in the concrete with a locking cap.

OTHER ADDITIONAL INFORMATION:

LOUIS BERGER AND ASSOCIATES, INC. DECEMBER 1993
WEL SPECIFICATION FORM
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WELL DEVELOPMENT RECORD

CLIENT: Fort Riley - High Priority Sites JOB NO: High Priority SI

FIELD PERSONNEL: Ed Wieland (SAIC), Brian Meier (Layne Western) SHEET: 1 OF: I

1. WELL NUMBER: OB-93-03

2. DATE OF INSTALLATION: 29 September 1993

3. DATE OF DEVELOPMENT: 2 October 1993

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT (FT): 50.34' 24 HOURS AFTER (FT):

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED (GAL): 60 gal.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT (GAL): 9.3 gal.

START DURING END

7. PHYSICAL APPEARANCE muddy cloudy clear clear

SPECIFIC CONDUCTANCE (Mmhos/cm) 900 590 590 590

TEMPERATURE (OC) 15.0 15.9 16.0 16.0

pH (s.u.) 8.15 6.87 6.95 6.95

TURBIDITY (NTU) - 42.0 11.3 11.8

8. DEPTH FROM TOP OF WELL CASING TO BO'ITOM OF WELL (Fr): 79.3'

9. SCREEN LENGTH (FT): 15'

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT (FT): 79.4' AFTER DEVELOPMENT (FT): 79.4-

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT: 1 7/8" Surge block, 1 1/2" x 3 'bailer, and 2" Grundfos Pump.

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: Surge, bail, and pump.

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE (Fr): 1

14. QUANTITY OF WATER REMOVED (GAL): 553 gal TIME OF REMOVAL (HR:MIN): 4:00

LOUIS BERGER AND ASSOCIATES, INC. DECEMBER 1993
WELL DEVELOPMENT FORM
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{HOLE NO.HTW DRILLING LOG ioB-.o4.o: SBt

1. COMPANY NAME [2. DRILLING SUBCONTRACTOR [SHEET I
Louis Berger & Associates, Inc.[ Layne Western - Witchita. KS IOF 8 SHEETS

3. PROJECT 4. LOCATION
High Priority Site Investigation, Fort Riley, KS EOD Range. OB/OD area. Fort Riley. KS

5. NAME OF DRILLER 6. MANUFACTURER*S DESIGNATION OF DRILL
John Gonick Mobile drill B-57, Schram Rotodrill T-660H Dual Tube

7. SIZES AND TYPES OF 14.25 x 8" Hollow Stem Auger 8. HOLE LOCATION
DRILLING AND SAMPLING CME continuous core sampler South of bum pit
EQUIPMENT NX Core 9. SURFACE ELEVATION

5.25 tricone-reverse circulation 1158.32
10. DATE STARTED 11. DATE COMPLETED

27 September 1993I 1 October 1993
12. OVERBURDEN--THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED

20.5' 47.0 - 48.0"
13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING

36.5' COMMENCED. 23.1 after 10 minutes
14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

57.0'
18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 119. TOTAL NUMBER OF CORE BOXES

N.A. I Three

20. SAMPLES FOR CHEMICAL VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) IOTHER (SPECIFY) 121. TOTAL CORE
ANALYSIS Priority Pollutant EPA 6020 ICP/MC RECOVERY

Metals EPA 8330 HPLC
22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) ,23. SIGNATURE OF INSPECTOR

x 0 x __ L

FIELD CORE
DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

0-5' CL 0.2 ppm N.A N.A. 0 -5' dry. 2.5' of
Clay, brown to reddish
brown, firm to hard, recovery (hard piece
dry. caught in barrel).

OBOD-
SB1-001
disturbed

PROJECT HOLE NO.
Fort Rilcy High Priority Sit Invctgaaons OB-93-,04; SB1

C40



HTW D MLIN LOGOB-93-0-4: SBI

PROJECT INSPECTOR SHEET 2
High Priority Site Investigation , Fort Riley. KS Ed Wieland OF 8 SHEETS

CIL ORE

L1TH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

50- 10' CL o.9 ppm N.A N.A. 5 - 10' dry to damp.
Clay, brown to light
reddish brown, firm to
hard, dry to damp.

Sample from 7 - 9'
appears undisturbed.

OBOD-
SB 1-002
undisturbed

10C-a15' CL 0.4ppm N.A N.A. 10- 15' damp.Clay, dark brown to

brown, soft to hard,
damp.

OBOD-
SB1-003
undisturbed

ft~rydxfIkg.pz IFort Riley High Priority Site Investigations OB-93-04; SB
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HTW DRILLING LOG OB-304oB
PROJECT INSPECTOR SlHE-E 3

High Priority Site Investigation , Fort Riley, KS IEd Wieland OF 8 SHEETS

FIELD CORE

LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

1 10- 15' (cont.) 0.4 ppm N.A. N.A. 10 - 15' damp.
Clay, dark brown to

Sbrown, soft to hard,
idamp.

14

15 -- -- -- -- -- -- -

15 - 19' CL 0.4 ppm N.A. N.A. 15 - 19' damp (moist).
Clay, light brown, firm,
damp.

16-

17 i

19 9 -20' CL, GC 0.2 ppm N.A N.A. Limestone is wet, has
- Clay, as above, with chemical bonding.
- limestone fragments,

white, 0.5-1.5" diameter
20 jherty, light gray.

End of auger; refusal.
-- _ _27 September

ore0 September
ox tart NX Core.

PROJECT HOLE NO.
L.P I For Riley High Priorty Sue Invesigatiom IOB-9304; SB1
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HOLE NO.

HTW DRLING LOG o93: /B,
PROJECT INSPECTOR SHEET1 4
11igh Priority Site Investigation , Fort Riley, KS Ed Wieland OF 8 SHEETS

FIELD CORE
LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RLESULTS NO. NO. COUNTS

-20.5s- 22.7' Core Run 1: 9/30/93,
Limestone, shaley lime-
stone, locally cherty, also 15:25 - 16:00 hours.
vuggy limestone at 21.8', Recovered 2' of 4' in
white to gray where Core

22 shaley. Chert is light. Box the 20.58 -24.1' interval.
gray. ZI

22.7 -24.1' Wet shale at 22.7'.
23 Shale, light brown.

24.1 -25.3' Core Run 2: 9/30/93,
Shale, yellowish brown 16:00 - approximately
with white calcite vugs
and calcite (5%) - low 16:45 hours.

25-- permeability. 24.1 - 29.1': 100 percent
-... ----- recovery.
S25.3 - 28.3'

Shale, black.

26

27

28

-28.3 -29.1' Core

Gradational contact Box

limestone, gray fossil 1
29-Z forms.

IPROJECT ROLE NO.ftrty dtIog. p IFot Rley High Priority Site lnvestgations OB-93-04; SBI
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HTW DRILLING LOG oB-3o.;S
PROJECT INSPECTOR SHEET 5
High Priority Site Investigatioi. . Fort Riley, KS IEd Wieland OF 8 SHEETS

LITH. DEPT"H DESCR.IPTION OF MATERIALS SCREEN BOX lSAMPLEI BLOW REMARKS

Limestone as above,
grading to limy shale.

297- 341I Core I I
Box Core Run 3: 9/30/93,

30 Shale, limy, dark gray to 1p7
olive gray. from approximately 17:00

- 18:45 hours. Cut 29.1 -

34.1': Recovered 4.1'.

31

32

Massive gypsum up to 1.
diameter at 32.3'.

33

34.1- 39.1' /Core

Shale, dark gray, limy. Box

35

PROJECT HOLE NO.
nzly~fl1. ! Fort Riley High Priority Siue Invesugatoins OB-93-04; SB1
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RESULTSOL NO NOO.NT

HTW DRILLING LOG OBt)oeu 4: S/
PROJECT INSPECTOR SHEET 6

High Priority Site Investigation Fort Riley. KS Ed Wieland OF 8 SHEETS

F=EL CORE
L-ITH. DEPTH DESCRPTON OF MATERIALS SCREEN BOX SAMPLEX BLOW REMARKS

RESULTS NO. NO. COUNTS

::::::: 341 - 9.1 (cot.)Core Run 4: 10/1/93,
=- Shale, dark gray, limy.

....... -- 9:05 - 9:44 hours.

Recovered 4.1'. Used
H. 38 -475 gallons of water from

20.5-39.1'

Core
:'-- - 39-- - -- -ox 1 September 30
- 39.1 -40.8' Core October 1
_ Shale, dark gray. Box Core Run 5: 10/1/93,

. .... 10:00 - 10:18 hours.
439.1 -44.1: Recovered

5', 100 percent.

41 Limestone, very shaley,4 gray to light gray.
N--:-ii -41.2 -43.2'

------ Shale dark gray with
gypsum. White to pinkish

-42 white, up to 2" across as
massive concentrations.

43
:~~ 43.2-_ -1 . .....

- Limestone, shaley, very
- fossiliferous, fossil hash -
4 shell fragments and whole44-- . ...... ...........

Limestone, shaley, very
fossiliferous, fossil hash.

Igg4 -- --------

rR omcr HOLE NO.
Fort Riley High Priority Site Investigations I OB-93-04; SBI
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HTW DRILLING LOG oB-3o.;S
PROJECT INSPECTOR SHEET-I7

High Priority Site Investigation Fort Riley, KS Ed Wieland OF 8 SHEETS

LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

44.8 - 46' C r e

Limestone soft, yellowish ox 2
brown with dark bluish
gray chert blebs.

46 - 48.8'. Limestone,
light brown, slightly
yellowish, vuggy,
fossiliferous. Lost core
47.8 - 48.35' in vuggy

47 section. Vugs are present
across the full horizontal
cross-section of core.

48
Driller reported soft zone
here with hard section
below.

48.8- 49.2' Shale, dark gray,
wavy bedding with fossil hash. Core Run 6: 10/1/93,
49.2- 49.7' Limestone, 10:48 -11:19 hours.
yellowish brown, vuggy, up to
0.25" diameter.- 49.1- 54.1': 100 percent

49.7 - 50.2' Chert, light recovery.
50 gray cuts across fossils.

50.2 - 50.9' Limestone,
yellowish brown, minor
vugs, 0.0625' diameter.

50.9' - 51.9' Limestone,

shaley, dark gray to
locally black, wavy
bedding with fossil hash.

52 51.9' - 53' Limestone,

light gray, hard, slightly Core
fossiliferous. Box

jore

53- --- --- ---- --- -- ox

IPROJECT HOLE NO.
f, AyftIp" Fort Riley High Priority Sute Invesptimo OB-93-04; SB1
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HTW DRILLING LOG ,OB-3-4:.B
PROJECT INSPECTOR SHEET 8
High Prority Site Investigation , Fort Riley, KS I Ed Wieland OF 8 SHEETS

FIELD CORE

LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

53 - 53.8'
Shale, ivory, fossiliferous,
dark gray.

53.8- 54.2' 275 gallons drilling
5 Limestone, dark gray Core water.54 fossiliferous. Box 3wtr--- ----------- Bx 3 End of Core, drilling.

EELimy shale and shaley Begin dual tube rig
Ilimestone. drilling.S55---

Stopped drilling. Total
depth = 57'. 750 gallons
of water used for core
drilling; 20 gallons of--- _- - 5 6

water to ream; 60 gallons
to aid in well
construction. 830 gallons

__ __-_total added to well.
Bottom of hole.

NOTE ON WATER
PRIOR TO CORE
DRILLING: On 1
October 1993 at 08:30
water level was 9.6'.
Bailed approximately 3
minutes, and drew water
level down 1'. After 3
additional minutes water
level came up 0.25'.
Water source for drilling
fluid: Bldg. 3200, Well
No. 7 (non-chlorinated),
McCormick Rd., Camp
Forsyth.

VROJECT HOLE NO.
t*rfil .n Fort Riley High Pnonty Site Invesugadons OB-93-04; SB1
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Client: U. S. A-my Cors of E n Project No.: High Priority sI

L LOUIS BERGER & Project: Ft. Riley High Priority SI Page: PaLe 1 of 1

ASSOCIATES, INC. Prepared by: Ed Wieland Date: 3-C .93

Checked by: Peter Li Date: 1S-FEB-94

MONITORING WELL AS-BUILT DIAGRAM

Driller: LaYne Western Well No.: OB-93-04

Drilling Method: 8.25"x 8" auger with CME continuous sampler toDate Installed: 01-OCT-93
air rotary dual tube to TD.

Location: OB/OD Area

Elevations: SURFACE CASING:
Ground Surface 1158.32' Size: 6"

Top of PVC 1160.07' Maea: 6"u
Daeth: 20'

Ground Elevation: 0. 
Det:-0

Outer Casing Drill Hole Diameter:
OueCs n" (0'- 20')

20.0' 5.25" (20' - 56.8')

Riser:

Surface Seal Material Diameter: 2"

5% Bentonite Grout 
Sch.: 40

Type of Joints: Flush Thread
Type of Annular Seal Total Length: 43.8'

Cement Grout w/5% Bentonite Stick-Up: 2.1'

31.8'
krm Screen:

I Diameter: 2"
Type of Seal PVC

3/4" Bentonite Pellets lteiz: 0.02
S37.0' Slot Size: 00

CI Length: 15'
Screened Interval: 5 6.7 ' - 41.7'

t...p:

Type of Filter Material Length: 4"
w- Type of Cap: Threaded PVC

Clean Washed Sand

57' Centralizer: Used X
T p ofNot Used -
Type of Seal Depths: 41.7' & 56.7'

NA None at Bas
Depth to Wa'e2r

Type of Backfill Dept to Rer
NA Clean Washed Sand From Top of Riser
NA___ __ _shed __S__d at Completion: 23.1'

Form: ftrly\m diagrm.pr3 
Note: Not to Scak
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WELL SPECIFICATION FORM
CLIENT: Louis Berger & Associates, Inc.

JOB NUMBER: High Priority SI

WELL OWNER: Fort Riley & HQ 1st Division

ADDRESS:

CITY, STATE, ZIP CODE: Fort Riley, Kansas

PHONE: (319) 239-3343

WELL NUMBER OR OTHER IDENTIFICATION: OB-93-04

WELL INSTALLATION DATE: 1 October 1993

GEOLOGIST SUPERVISING INSTALLATION: Mike Miles (SAIC)

GROUND SURFACE ELEVATION (FT): 1158.32'

TOP OF CASING ELEVATION (Fr): 1160.07'

WELL STICK-UP (F): 2.33'

TOTAL BORING DEPTH (Fr): 56.8'

BORING DIAMETER (IN): 0.0' TO 20.0' = 8, 20.0' TO 56.8' -5.25"

TOTAL DEPTH OF OUTER CASING (FT): 20.0'

OUTER CASING MATERIAL: Steel

OUTER CASING DIAMETER (IN): 6"

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): Total Length = 43.8': From Surface = 41.7'

INNER CASING MATERIAL: PVC

INNER CASING DIAMETER (IN): 2"

TOTAL LENGTH OF WELL SCREEN (FT): 15' SCREENED INTERVAL (Fl'): 56.7' - 41.7'

WELL SCREEN MATERIAL: PVC

WELL SCREEN DIAMETER (Fl'): 0.167

SCREEN SLOT SIZE (IN): 0.020"

C49



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: OB-93-04

BACKFILL MATERIAL AROUND SCREEN: Clean Washed Silica Sand

DEPTH RANGE OF BACKFILL (FT): 56.8' TO 37'

SEAL MATERIAL ABOVE SCREEN: 1/4" Bentonite Pellets

DEPTH RANGE OF SEAL (FT): 37' TO 31.8'

BACKFILL MATERIAL AROUND CASING: 59% Bentonite Grout

DEPTH RANGE OF BACKFILL (FT): 31.8' TO 0'

DESCRIPTION OF TOP SEAL: Grout to surface with a 3' concrete pad placed around well.

DESCRIPTION OF WELL COVER: 6" steel casir:. with locking cap, embedded into the grout and concrete pad.

OTHER ADDITIONAL INFORMATION:

LOUIS BERGER AND ASSOCLATES, INC. DECEMBER 1993
WELL SPECIFICATION FORM

C50



WELL DEVELOPMENT RECORD

CLIENT: Fort Riley - High Priority Sites JOB NO: High Priority SI

FIELD PERSONNEL: Steve Keller (SAIC) SHEET: I of I

1. WELL NUMBER: OB-93-04

2. DATE OF INSTALLATION: I October 1993

3. DATE OF DEVELOPMENT: 9 October 1993

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT (FT): 32.87' 24 HOURS AFTER (FT):

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED (GAL): 750 gal.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT (GAL): 49 gal.

START DURING END

7. PHYSICAL APPEARANCE cloudy slightly cloudy clear clear

SPECIFIC CONDUCTANCE (Mmhos/cm) 455 560 550 550

TEMPERATURE (OC) 13.0 14.1 15.4 15.6

pH (s.u.) 6.60 6.76 7.0 6.93

TURBIDITY (NTU) - 46.2 6.2 5.4

8. DEPTH FROM TOP OF WELL CASING TO BOTTOM OF WELL (FT): 59.1

9. SCREEN LENGTH (FT): 15'

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT (FT): 58.25' AFTER DEVELOPMENT (Fr): 58.8'

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT: 1 7/8" Surge block, 1 1/2" x 3 ' bailer, and 2" Grundfos Pump.

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: Surge, bail, and pump.

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE (FT): I AC

14. QUANTITY OF WATER REMOVED (GAL): 1025 gal TIME OF REMOVAL (HR:MIN): 3:45

LOUIS BERGER AND ASSOCIATES, INC. DECEMBER 1993
WELL DEVELOPMENT FORM
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7. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ HL SIENNOYE.O 218HlowSe u . OELCTO

HTW DRE LINGLOG 
1. COMTANY NAME __2. DRILLING SUrBCONRACTOR SHEET 1

Louis Berer & Ass2iates, Inc. La8ne Western - Witchita. KS 28 OF 3 SHEETS

3. PROJE T I 4. LOCATION
Hiph Priorif" Site Investieation, Fort Riley. KS EOD Rainee. OBIOD area. Fort Riley. KS

5. NAME OF DRILLER 6. MANUTFACTWERN DESIGNATION OF DRILL
John Gomnick Mobile drill B-5-7

7. SIZES AND TYPES OF 4 x 8" HolWAE Stem AuMer M. HOLE (PCTION
DRILLING AND SAMPLING CME Lontlinuous €.We samnler South of cast pit
FEOLrIpMENT 9. SLWRACE ELEVATION

118s'(topo)
0. DATE STARTED I. DATE CO P.EED

28 September 1993 28 September 1993

12. OERBLRDEN THICKNESS 15. DEPTH GROUNDWATER ENCOLTHERED2
N.A- N.A.

13. DEPTH DRIJ FLE INTO ROCK 16. DEPTH TO LLATER AND ELAPSED TIME AFTER DRILLING

N.A. COMMENCED.

14. TOTAL DEPTH OF HOLE 17. OTHER SVAT IOER LEL MEASLREMENA L (EPEC::
2-0.0'

1:.OTECHNICALSA'MPLES DISTURBED RNDISLT RBED 19. TOTAL NMBER OF CORE BOXES

20. SAMEPLES FOR CHE.MICAL VOC METALS O)THER (SPECIFY) OTHER (SPECIFY)[ OTHER (SPECIFY) 21. TOTAL C)RLE

ANALYSIS Priority Pollutant PA 6020 ICP/MC RECOI
Metals [EPA 830 HPLC -

22. U: SPOSITION OF HOLE BACKFII.I.ED MONTOR.INGWEiLL OTE ('r-~SPECIFY) 23. SIGNATUrREOF INSPECTOR

Xr Grouted soiD lVsC.'

LII DEPTH I DE.SCRIPTION OF MATERIALS SCREEN IBOX SAM[PLE BLOW REMARKS
PESTJTITS NO. NO. COU.NTS

3

- 0 -YCL Dry to 14.7'.
- Clay, dark yellowisD
- brown, firm, dry,
-- y- disturbed soils.

" E

3 --- -- -- -- -- -- --

•-3 5-' CL
0- Clay, dark yellowish OO -

--U brown, firm with frag- S201
--- ments that are white, disturbed

4--- angular to subrounded,
-- dry, disturbed.

PROECT HOLE NO.
I or Riley Hh Prority Site Imestigation I 82
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HTW DRILLING LOG So,132o

PROJECT INSPECTOR SHEET 2
Highi Priority" Site Investigation, Fort Riley', KS IEd Wieland OF 3 SHEETS

FrELD COI
DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

5 -8.5' CL
Clay, reddish brown,
firm to hard. dry.

EI

-Boundary between
OBOD- disturbed and
SB2-002
disturbed undisturbed soils based

-U on appearance.

8.5 - 10' CL
Clay, yellowish red, and

- very hard, undisturbed,- dry.

10 - ....
OBOD-

Clay, yellowish red, SBOD0
firm to hard, dry. SBed- undisturbed

12- 0U
PROJECT HOLE NO.rtW*%' Frt R&cy trg-P=tY Sie uhp m ti  SIM

co$



HOLE NO.HTW DRIILLING LOG sW
PROJECT INSPECTOR SBEET3

High Priority Site Investigeation , Fort Riley, KS Ed Wieland OF 3 SHEETS

FIELD CORE

L.rM. DEPTH DESCRIiON OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUTrNrs_

10 - 14.7' CL (cont.)
.-IClay, yellowish red,

, firm to hard, dry.

14- C

-- - -- - -- - -- -

o o . 14.7.20' sc 14.7 - 20' moist.
,o0 0 15- Sand. medium-fine,

0 0 0 C with clay (5-10%),
yellowish red, moist,

o 0 o soft. Limestone and
o o o shale fragments in
o 0ooo 16 clay, angular to

o 0 subangular up to 2"
0 0 0

o o 0 diameter.
0 0 0

D0 0 0 ,

0 0 0

0 0 0 E'0ooo 17-

0 O0 0¢ 6

0 0 0

0 00

0°°°0 18- r

Botooo hle

o 0 0 U

C 00

0 0 0

--- Stopped drilling. Total

0o 0o depth =20'.
0 o o

o %o

I-Bottom of hole.

21-
IPROJF __HOLE NO.



HTW DRELL.ING LOG [B-
1. COMPANY NAME 2. DRILLING SUBCONTRACTOR [ SHEET I

Lojuis Berizer & Associates, Inc. Lay'he Western - Witchita. KS [OF 3 SHEETS

3. PRO.TECT 4. L.OCATrION

HiQeh Priorit' Site Investieation. Fort Riley. KS EOD Ranee. OB/OD area. Fort Riley. KS

5. NAME OF DRIIER 6. MANUFACTURER'S DESIGNATION OF DRILL
Mobile drill B-57

7. SIZES AND TYPES OF 4.25 x 8" Hollow Stem Auer 8. HOLE LOCATION
DRILLING AND SAMPLING CME continuous core sampler South of west Dit. Aproximate," 1 5' east of SB2.
EQLPMEN'T 9. SURFACE ELEVATION

1185'(topo)

10. DATE STARTED 11. DATE COMPLETED
29 September°1993 29 September 1993

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOL.WrERED
N.A. N.A-

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
N.A. COMMENCED.

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)
20.0'

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES
N.A.

20. SAMPLES FOR CHEMICAL VOC METALS OTHER (SPECIFY) OTHER (SPECIFYJ OTHER (SPECIFY 21. TOTAL CORE
ANALYSIS Priority Pollutant EPA 6020 ICP/MC RECOVERY

Metals EPA 8330 HPLC

22. DISPOSITION OF HOLE BACKFILLED MONORING WEL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

X Grouted E Ww, ./a,

FIELD CORE

LITI- DEPT-I DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUNTS

0-4' CL 3.5 ppm 0 - 20' dry.
Clay, dark yellowish
brown, firm, dry to
slightly moist. Also
scattered limestone
fragments up to 0.5"
diameter in the clay.
Disturbed.

2BOD-
SB3-001
isturbed

4 4- 7.7' CL 0.6 ppm
Clay, reddish brown, Disturbed soils.
firm , with som e gray OBOD- -----------------
shale streaks, dry. SB3-003 Undisturbed soils.

undisturbed

PROJECT' 
HOLE NO.

Fun Riley Hih Priority Site In/estipt H3
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HTW DRHLING LOG SoL B.1

PROJECT INSPECTOR SHEET2
High Priority Site Investigation. Fort Riley,, KS IEd Wieland OF 3 SHEETS

FIELD 7-ORE
UTH, DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESLTS NO. NO. COUNTS

4 - 7.7' CL (cont.) 0.6 ppm OBOD-
Clay, reddish brown, SB3-003
firm, with some -gray undisturbed

shale streaks, dry. (4.5-6.0'

-------------L) 7.7 - 8.0' CL

Clay. silty, reddish
. brown, undisturbed,
'a dry.

8.0 - 9.2' CL

Clay, reddish brown,
firm, dry.

- 9.2 - 10' CL

-Clay. reddish brown,
- firm, with small

limestone granules.
10 - --- - - -

10 - 15C0.4 ppm
Clay, reddish brown,
firm with small pieces
of dark brown shale up
to 0.5" diameter, dry.

OBOD-
SB3-003
undisturb
(12- 13.5)

hPRO= S HOLE NO.

ftdyn~cm FkvRi~effq~rioty~dhmdp= 6



HTW DRILLING LOG SalE~
PROJECT INSPECT'OR SHEET 3
High Priorit" Site Investigation, Fort Riley. KS Ed Wieland OF 3 SHEETS

FIELD CORE
UTH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS~OBOD-10 - 15' CL (cont.) 0.4 ppm SB3-O03

Clay. reddish brown, u,.aued

E. firm with small pieces (12-13-5')

cn of dark brown shale up
4to 0.5" diameter, dry,

1 ocally fissile.

15 "'-- 15 - 21CL

Clay, reddish brown,
firm with small pieces
of dark brown shale
up to 0.5" diameter.

16 Locally contains

- limestone fragments,
- angular to subangular.

- 1-2" diameters. Dry.
-E

- Stopped drilling. Total
- depth = 20'.

Bottom of hole.

218

f Rrt, Riley Hle Prionr it e Inve"bphom
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HOLE NO.HTW DRLLING LOG s1. COMPANY NAME IZ DRILLM3 SUB-CONTRACTOR -sHEET
Lo~uis Bereer & Associates. Inc.' Lamn Western - Witchita, KS OF 3 SHEETS

3. PROJECT 4. LOCATION
Hieh Priorit" Site lnvestieation. Fort Riley. KS EOD Ranee. MBOD area. Fort Riley. KS

5. NAME OF DRILLER 6. MANUFACTrURER'S DESIGNATION OF DRILL
John Gornick Mobile drill B-57

7. SIZES AND TYPES OF 4.25 x 8" Hollco" Stem Auger 8. HOLE lOATON
DRILLING AND SAMPLING CME Lontinuous core samnier North of E:ast nit.
EOUIpM[, rr 9. SURFACE E.VATMON

119yT(topo)
10. DATE STARTED 11. DATE COMPLETED

29 September 1993 29 September 1993

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED
N.A. N.A.

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
N.A. COMMENCED.

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)
20.0'

1S. GEOTECI-NICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES
NA I I

20. SAMPLES FOR CHECAL VOC METALS OTHER (SPECIF OTHER (SPECIFY) OTH (SPECIFY) 21. TOTAL CORE
ANALYSIS Priority Pollutant EPA 6020 ICP/MC RECOVERY

Metals EPA 8330 HPLC
22. DISPOSITION OF HOLE BACKFILLED MONITRINGWI.- OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

X Grouted Eo ,ej.,., 1. -."

FIELD COR1
DEPTH DESCRIPTION OF M-ERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

0-1' CL/OH 0- 15' Dry.
Clay. Dark. brown
organic matter, firm,
dry, disturbed.

1- 4' CL

Clay. Reddish
brown with white

fragments, dry,
disturbed.

OBOD-
SB4-001
(2"-5")

3

4 -6'CL
Clay. Reddish

brown with white

fragments, dry,
disturbed.

PROJECT HOLE NO.
gfirt Rley High Priorly Safe ltiom - 013/01) Area /sBC
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HTW DRILLING LOG SOL NO.

PROJECT INSPECTOR SHEET 2
High Priorit Site Investigation, Fort Riley. KS Ed Wieland OF 3 SHEETS

FIELD ORE
UI. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

4 - 6' CL (Cont.) OBOD-
Clay. SB4-002

isturbed
(5'-6,) Disturbed soils.

6. -, CL Undisturbed soils.
Clay. Reddish

brown with angular
o white fragments,

dry. At 6, 30% less
= fagments. Appears

undisturbed below 6'.
U

8 - 10' CL
Clay. As above
with less fragments.
firm. dry.

9

10 = - - - - - - - - - - -
10- 15' CL Recovered 4' from 10 -
Clay. Reddish brown,
firm limestone 15.

Sfragments throughout,
"7E dry.

-OBOD-
SB4-003
-disnubc
(12'13.5)

PROJECT IHOLE NO.
I kiflbi P1 Rley High Prioity Site Imvestigaim - OWOD Area IB
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HTW DRILLING LOG S134 o
PROJECT INSPECrOR SHEET 3

High Priority Site Investigtation. Fort Riley, KS Ed Wieland OF 3 SHEETS

FIELD CORE
LITH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS__

10- 15' CL (Cont.)
-E Clay.

14"-"

0

15 - - -- - - -- - - -- - -

- 15- 20' CL 15 - 20' Moist.- Clay. Light

- yellowish brown, soft to
- firm. slightly moist.

16-

17-N

u

18 u

19-

20' Stopped drilling.

Bottom of hole.

21-

IPROJEC" HOLE NO.
F xi Riky Hi Primity Site IAbsotm - OBMOD Arm SB4
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HTIW DRILLING LOG f

1. COMPANY NAME 12. DRILLING SUMBCNTRACTOR SHE
Louis Ber~er & Assoc'iates. Inc.' T3La\' esrn-VthiaKSOF3HET

3. PRO-TECT 4. LOCATION
Hieh Prioritv Site Investieation. Fort Rilev. KS EOD Ranee. OB/OD area. Fort Rilev. KS

5. NAME OF DRILLER 6. MANUFACTURERS DESIGNATION OF DRILL
John Gornic Mobile drill B-57

7. SIZES AND TYPES OF 4.25 x 8" Hollow Stem Auger 8. HOLE LOCATION
DRILLING AND SAMPLING CME continuous core samnoler North of West pii.
EOLQIPMENT 9. SURFACE ELEVATION

1194'(topo)
10. DATE STARTED 11. DATE COMPLETED

29 September 1993 29 September 1993

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED
N.A. N.A-

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
N.A COMMENCED.

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIF',)
18.0'

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES
N.A. 1 1

20. SAMPLES FOR CHEMICAL VOC METALS OTHER (SPECIFYI OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
ANALYSIS Prioriy Pollutant EPA 6020 ICP/MC RECOVERY

Metals EPA 8330 HPLC 1
22. DISPOSITION OF HOLE BACKFILLED *MON1-RIG WEU OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

X_ Grouted

FIELD COR
DEPTH DESCRJPTION OF MATERALS SCREEN BOX SAMPLE BLOW REMARKS

RESU S NO. NO. COUNIS L_ _

0- 4'CL 0.1 ppm Recovery 20".
Clay. Dark brown, (0 -4')

silty, with limestone
fragments. Well
consolidated. Some
organics.

E

Cz

OBOD-
SB5-OO1

(3'-4')

4 - 8' .1 ppm
(Jay. Dark gray, silty, with (4-8') Recovery 4'.
calcareous nodules.
Grading to dlay, light
brown, silty, with limestone
fragmnents below, dry.

-- PROJECT -- _ HOLE NO
fyl.ors{Fort R l-Ifh Priority Sitc Iinatu om -OB,'ODna [ S5

cgl



HTW DRILLING LOG HoL N O.
PROJECT INSPECTOR SHEET 2

High Priority Site Investigation, Fort Riley, KS Mike Miles OF 3 SHEETS

FIEMLD COR
UTH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUrNTS

4 - 8' Clay. (Cont.) 0.2 ppm
OBOD-
SB5-002

(5'-6')

6

Disturbed soils.
Undisturbed soils.

7-

E

8 - 10'CL 0.2m Recovery 2'.
[:5 Clay. Light brown,

silty with calcareous
shale and limestone
fragments.
Consolidated
and undisturbed. dry.

OBOD-
SB5-003

(9'-10')

10 --------------------- .1 ppm10 - 141 CL

Clay. light brown, silty
no fragments Well
consolidated, dry.

13-4
PROJECTHOLE NO.

Fot Rky High Prwry Site Iw w - OMD AmHLEO.

SBcc



HTW DRILING LOG SoB5

PROJECT NSPECT OR SHEET 3
Highi Priority Site Investigation . Fort Riley. KS Mike Miles OF 3 SHEETS

FIELD CORE
LITH DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS

10 - 14' Clay. (Cont.)

....14 -

Silt, light gray,
clayey with some very

0 fine sand.

-15 -16'iE

Silt, reddish brown, clayey
with some very fine sand
and some limestone
t ragments.

6 16 - 18' CL

Clay, silty, olive green.
I No fragments. Well
consolidated.

17"- "

Bottom of hole 18' Stopped drilling.

19

20-

21 1
PROJEC' HOLE NO.

Fort Riley Ugh Priority Site Invetitiam - OB/OD Ame S11

063



HTW DRELLING LOG S146
1. COMPANY NAME 2 DRILLING SUrBCONTRACTOR [--SHEET 1I

Louis Berer &Associates. Inc. [Lavne Western- Witchita. KS IOF 3 SHEETS
3. PROJECT 4. LOCATION

High Priority Site Investigation. Fort Riley. KS EOD Range. OB/OD area. Fort Riley.KS
5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

John Gorick Mobile drill B-57

7. SIZES AND TYPES OF 4.25 x 8" Holk w Stem Auger S. HOLE LOCATION
DRILLING AND SAMPLING CME continuous core sampler Northeast of pit.
EOLTIPMENT _ SURFACE ELEVATION

u'85(topo)

10. DATE STARTED 11. DATE COMPLETED
1 October 1993 1 October 1993

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED
N.A. NA

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
NA COMMENCED.

14. TOTAL DEPTH OF HOLE 17. ""THER WATER LEVEL MEASUREMENTS (Si'ECIFY)
18.0'

18. GEOTECHNICAL SAMPLES DISTURBED [ UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES
N.A.

20. SAMPLES FOR CHEMICAL VOC METALS [OTHER (SPEFYI OTER (SPECIFY) OTHER ISPIECIFY 21. TOTAL CORE
ANALYSIS Priority Pollutant EPA 6020 ICP/MC RECOVERY

_____________Metals EPA 8330 HPLC
22. DISPOSITION OF HOLE BACKFILLED MONrIDRING WELL_ OTHER (SPECIFY) 13. SIGNATURE OF INSPECTOR

X _____ Grouted 6- . .2
I I ORI

DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
SRESULTS NO. NO. COUNTS

0- 2.4' 0.1 ppm 0 -18' Dry.
No Recovery.

-2.4 - 3.4' CL

Clay. (disturbed zone)
3 Dry, moderately

consolidated, abundant
"gravel fragments.

- 3.4 - 8.4' CL

Clay. (disturbed zone)
Gravel fragments less
than or equal to 1", clay
moist, dark brown.

OBOD-
SB6-O01

5 - TPROJECT 
( -- d HOLE NO.

fWV,0-4- |wt Rihky High PrioritySite Im aiom - OB/ODAm SB6



HTW DRIILLING LOG o, oSB6
PROJECT INSPECTOR SHEET 2
High Priority Site Investigation, Fort Riley', KS I Steve Keller OF 3 SHEETS

FIELD CORE

LI-E DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COLUNTS

- 3.4 - 8.4' CL (Cont.) 0.2 ppm

- Clay. (disturbed zone)
- Gravel fragments less
- than or equal to 1", clay

6 moist, dark brown.6 ---- Cont.

OBOD-
SB6-001

E- disturbed
(4.5'-8')7

0

=U

Disturbed soils.5Undisturbed soils.

-- -Dry.
- 8.4 -9.5'

-Weathered shale.
9 (undisturbed) Poorly 9.5 - 10.7'

indurated, semi-plastic, No Recovery.
partings contain white
powdery carbonate 0.1 W
mineral. Dry and (9_-1_S)
overall color medium

10 yellow-green.

11 Siltstone. Medium Dry.
* E yellow-green, well

sorted, dry, poorly
'0 indurated. Grades
U downward to
- unlaminated clay with OBOD

-E some blocky fracturing,

minor orange oxidationmottles, dry.

PROJECT HOLE NO.
f~1~~ IFoil Riky Highf Prioriy Site Inveauh~m - OW/OD ArwSB

C65



HOLE NO.HTW DRIILLING LOG B
PROJECT ]INSPECTOR ISHEE 3

High Priority Site Investigtation, Fort Riley. KS Steve Keller OF 3 SHEETS

FIELD CORE
1ATH. DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNIS,

10.7 -13.5' (Cont.)
::..::. _ Silt

"- 13.5 -15.5' 0.1 ppm

Siltstone. Highly (3.18')

14 "0 indurated medium
gray-green, well sorted

0 siltstone, calcareous,
one possible shell

: fragment. Trace

15 - coarse-grained calcite
i 1" crystals. Dry, "pops" in
- fingers, calcareous.

".'." -- 15.5- 18'

- No Recovery.'!!iii 16" -[E .

.- .- .- 1

__--:- __,_- 18' Stopped drilling.
Bottom of hole.

19

20-

21P
1PROJECT HOLE NO.

fn-tyh L~nFort Riley igh Prioriy Sute In tiwawim - OBWD Ame SB6



HTW DRILING LOG SB7~
1. COMPANY NAME ]2. DRILI.JNG SU]CONTRACT[OR ]SHEET I

Louis Berger & Assoc~iates, Inc.[ Lavne \Vcstern - \%itchita, KS [OF 2 SHEETS

3. PROJECT 4. LOCATION
Hilh Priority Site Investigation. Fort Riley, KS EOD Ranee. OB/OD area. Fort Rilev. KS

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL
Jolm Gornick Mobile drill B-57

7. SIZES AND TYPES OF 4.25 x 8" Hollow Stem Auaer 8. HOLE LOCATION
DRILLING AND SAMPLING CME continuous core samnler North of nit.
EQUIPMENT _ 9. SURFACE ELEVATION

11 9
0'(topo)

10. DATE STARTED 11. DATE COMPLETED
2Ociober 1993- 2 October 1993

12. OVERBURDEN THICKN'ESS 15. DEPTH GROUNDWATER ENCOUNTERED
N.A, N.A.

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING
N.A COMMENCED.

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)
9.5. _

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 119. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL VOC METALS OTHER (SPECIFY) OTHER (SPECIFY OTHER (SPECIFY 21. TOTAL CORE
ANALYSIS Priority Pollutant EPA 6020 ICP/MC RECOVERY

Metals EPA 8330 HPLC
22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

X/ J Grouted , ,.,.r.

FIELD CORE
DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNTS
-- ]0 - 0-5'0OH 0.2 p

Soil black, moist, organic (0-45)pp Moist.
laydeysl. (0........ . 5'

0.5 - 3' CL
Clay. Medium brown,
plastic, moist, disturbed

'-zone material, minor
Eangular granules and
,pebbles.

OBOD
SB7-001

3 - 4.5' CL

Clay. Highly disturbed,
moist, plastic, with
abundant angular
granules and pebbles.

0.2 pprn
4- - 4.7' CIL (4.5'-9.5 ) Disturbed soils.
Clay. (Same as 0.5'-3'). OBOD-

4.7 - 6.1' SB7-002
C ay. (Continued on next pg.1 (4S.-.') I_ _ _ _ _

PROJECT HOLE NO.
fvr Riley High Priority Site lnvstiatiom - OB/OD Area SB7



HOLE NO.HTW DRILLING LOG S137
PROJECT INSPECTOR SHEET 2
Hieh Priority Site Investigation, Fort Riley, KS Stew Keller OF 2 SHEETS

FIELD COR E
U'h DEPTH DESCRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS

RESULTS NO. NO. COUNI"S

- 4.7 - 6.1' CL (Cont.) (cont.)
- Clay. Intercalcated light B7-5' Undisturbed Soils,

brown and olive-yellow, nearly dry.
fissile, minor silt conten
3locky, nearly dry. 6' Intercalcated because

9.-' - horizontal color layering
Si Lis not necessarilyaClayey Silt. Light

yellow-green, stratigraphic bedding.
S7 " u highly fissile, ochre

' oxidation patches, dry,
q highly laminated,

w eakly indurated,
-with trace black

8 Olfracture coatings. OBO0. :. :.SB7-003

__''. 9.5' Stopped Drilling.
- Bottom of hole.

10=

12 m

L 13
1PROJECT ' HOLE NO.

F~f~b1l-[zFetR Priority Sift I-,tibaiom - O/OD Are SW

C"



HTW DRILLI .NG LOG SB -O.
1. COMPANY NAME 2.Z DRILLING SUBCONTRAL"TOR SHEET i

Louis Bereer & Associates, Inc.I L'avne Wlestern - Wichita. KS IOF I SHEETS
3. PROJECT 4. LOCATION

Hieh Priority Site Investigation, Fort Riley, KS EOD Ranee. OB/OD area. Fort Rilev.KS
5. NAME OF DRILLER 6. MANLFACTUR,ER'S DESIGNATION OF DRILL

Jolu Goruick Mobile drill B-57
7. SIZES AND TYPES OF 4.25 x 8"Hollw Stem Augr 8. HOLE LOCATION

DRILLING AND SAMPLING CME continuous core samoler southeast of pit.
EQUIPMENT_ 9. SURFACE ELEVATION

1 180'(toFo )
10. DATE STARTED 11. DATE COMPLETED

2 October 1993 2 October 1993
12. OVERBURDEN THICKNESS 15. DEPTH GROLNDWATER ENCOLUTERED

4.5' N.A.
13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING

0.5" COMMENCED.
14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

5'
18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

N.A I____ I
20. SAMPLES FOR CHEMCAL VOC - METALS OTHER (SPECY' OTHER (SPECI~ OHR (SPECIFY) 21. TOTALCOREANALYSIS Priority Pollutant EPA 6020 ICP/MC RECOVERY

Metals EPA 8330 HPLC

22. DISPOSITION OF HOLE BACKFILLED 'MON rOR'ING %VEL OTHER (SPECIFY) 23. SIGNATURE OF INSPEC7OR

X _____jGrou ted 0 - . 2
FIELD 1CO

DEPTH DESRIPTION OF MATERIALS SCREEN BOX SAMPLE BLOW REMARKS
RESULTS NO. NO. COUN'S

0 - 2.8' OH 0.2 ppm

Disturbed zone
material. Clay.
Medium to dark

1 - brown, moist, plastic,
with minor angular
limestone fragments.
Sharp lower contact.

CL -2' Disturbed soils. Moist.
OBOD
SB8-O0

_ _ _(2"-3')-- -----------------------------
S2.8- 4.5' CL

3 Clay. (Undisturbed) Light
- gray-green, moist, plastic. 3' Undisturbed. Moist.
0 undisturbed, with OBOD
U minor silt content. SB8-002

Possibly weathered shale. . (3'-4')

Thincoarse-grained sand
4 lens at approximately 4',

approximately 0.5' thi ck.

Abundant carbonaceous 0.2 ppm
material 4'-4.5'. (4.5'-9.5')

... Residuum.

Bottom of hole. 5' Stopped Drilling.
PROJECT HOLENO.

ftd tc .s For't Ri',y -f1thPrioriySitelnveatigato-OBvVDArea SB7

C769



Mobilization #1 -
March/April 1997

(Wells OB97-05 through OB93-08)



HOL.E NO.

HTW DRILLING LOG 06-17-0-
1. COANY NAME 2. DRUM SUBCONTRACT SHET1

LOL6 b-re erc' - tca 5 le V\ 1 ir n OF 4 SHEETS

PROJECT , 4. LOCATION, ,

0~ 6 01; Arta' F-I AOF1-4-k
5. NAME OF DRILLER 6. MANUFACTUtE'S DESI TION OF

John 6crfeqlc _____rac__________

7. SIZES AND TYPES OF DRILLNG ko, LbL .HLELCTO
AND SAMPLING EOUNPMNT Alx! d.'$'/~, - 300oo 4 "ri 1t

L,' bd- b A,-, 9. SURFACE ELEVATION

07 TBI
10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICK~NESS 15. DEPTH GROUNDWATER ENCOUNTERED
" (- .K - I "A F -a. 1 -J

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILUNG COMPLETED

14. TOTAL DEPTH OF HOLE/ 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTIAL BLOW

ELEV DEPTH DE SCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e f g h
() R,31iq , D ,'tk ye iim v ,s;h ba A-i 0 r'  , }

mo' 5,,ej " -," " - . , recovevy5 "

- ,~' caQtac ,y rrc e..
It' e+ C-TO Ccr e 5-rCA V,0l-cher+

PROJECT HOLE NO.MRK J..m. 5 5 IP OJE NB OD Afaf( 08("-91-C",5"



HOL.E NO.

HTW DRILLING LOG 6--c7-65
HSPECT SHEET 2

0 130 bAre ChrVI &-qtelOF 9SHEETS

FIELD SChEENIG GOTECH SAMPLE ANALYTICAL BLOW

ELEV. DEPTH DESCRIF1ON OF MATEMALS ESULTS OR COR BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e f h

b o , . '' pkes-itfY z22 .,eo r /

mrnEiuA do latmncy, jr1t1clam
c L

bv c rd, n_ cry. ii.cr+

9cee 1 $i'e e ro f 1

/ L 5 y C/qU' Lej~h+ reticL1. t

scne we hwwrea sdltle

T5-LE NO.



HTW DRILLING LOG *EO
PROWET*~PC SH EETJ

- Ol'oi) Area ____ ___ ___ OF SEETS

'EV. DEPTH DESCRPT"O OF MATEMALS IESULTS OR COFE BOX NO. SAMPLE NO. COUNTS REMwARKS
b f __ _ _ 9 _ _ _ _ _

bro;4 'Vine c-y~to~ilinei drer

iireU, ieiy Zq

e~ Shc 3b Lij t)Q4rk
q9ree,5l% oryxjine

6(3c- q/1 ,--2r 221

~~reeii~. 0 ~(nE .5wer

-t-eefLire 5myb PAIA :V f-24i~

9ree1~b jr~j A/Areawveiry 2Zi"

PROJECT I HOLE NO.

MRK 1" )'s 55-2 C5/DC) Areci oe1-q 7-



HTW DRILLING LOGHUNO
P~aWECT SHEET'

- CYV 0 Aren rv I _____ n___ OF 4 SIKETS

ELEY. DEPTH DESCRP11O OF MATENALS RSULTS OR CORE BOX NO. SAMPLE NO. COUNTS FEAK

a b C d f t h

svalp-~~~' 566 WlDr LeA5

rec.re3 2"

7

511c~ 50~/ ' jreefi,,h

.30

3'

MRK FO 55-2 IO1 i 1A5 -7- -,5



HTW DRILLING LOG
MOP' Art Io n 9 SHEET

FELD SCENING GEOTECH SAMPLE ANALYTrAL BLOW

V. DEPTH DESCRIPTION OF MATERALS ISULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

b c d _ f 9 h

L5: PcJe yeI)o),v.h Orcxn,9e- 3 2,5 r-F-,.t,

13- mi(roCry5ftlhAe, haird clenx,

S: ir

- rol., pif(ed) V"99 ." mc)054-

M'crcy s+tdhr It Oh) eri-

5pI3 312 K reco very 3-

31 -,cr 2  I icae, very
- chev-+y

CG/p5Llrn Z' Iei! E

L S.o I a Yf G 2.P6. Ye lIoo)

-,,,,,, p fEd, VU55y,
miiCnvcryvstal Iine hard,

904

MRn, w 5h.h che-r+ A,

l qo__:

PRWEC -MR 5.20,, ?ArcAHOE O



MOL NO.

HTW DRILLING LOG P39q7-65
PFAWCT WEASHEET(

McOP Area CtrrV I (1orca OF SHEETS
FELD SCENN GEOTECH SAMPLE ANALMYiCAL BLOW

ELEV. DEPTH DESCRPTlON OF MATERALS RESULTS OR COR BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d f h

06vesgeeine, -ix..Ce5I-WeM
joyv 10 ~ e Ol e_ +ZI,- .2,

'2 iOv k,/ pi-leoiive, LirnmeA'r zO , '

micrcry5timj -'n rv- censE,

b lu is h g ay , f e n g .fin e . e .t
r)145, ve b iacI.y

y' ,,Vse Iln ier9¢'l lre

ceyslrltc .i1 , reL .'e.
LsrVj (QLecl6J u , s, e,

AI-

-POJC i M3dtE NO. ~

M R K , 5 -Im ) O we , i m l i , 
A r 

t ) -T -

4i7=

LSA/A
recv.ry12

MRKJUN8 55-2 MPOC))D Arec, (~.f4~



HTW DRILLING LOG
I'FKIy/ t'1m r) _ _ _ __ sHEE 7

__ __ _ __ __ _ __ _ A_ __ _____ _____cri _____vc OF liSHEET

FIL CEE ETC SAMPLE iLM BO
1 V. OEM ~ OESCNTMO OF MATEMAS FESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARK(S

b c d f 9 h

my i~r~ygaei dry
hilebbe

%ak~. 5P3 3 wiky~ blue,
Vine feAtu, bi/cckYEirm4

sdri

tARK -2 I 89 55-2D. Areca Nob- 705



HTW DRILLING LOG O3-q7-
IFOW ASMPECTOA

-LJJ/CJ A% Darr OF 'fSHEETS

F*U WEMN -GEOTECH SAMPLE ANALYTICAL BOW

ELEV. DE ' DESCWPT1ON OF MATERALS IESULTS OR COFE BOX NO. SAMPLE NO. COUNTS REMARKS

a b C d 6 f h

c aeq~llto$ St ix JeIy'

l.4&5PB 31i DiX4oety ble
r ex+ , bicciy, fir"

recovery to'

L: ,!68/I L.,ijh r jree-h5 ri,

,necry4eafIiwe., hard ce sv4,rY
Lt*i.. ILkeus very ~ e ty

Cri c oicts

5671i Lithe bfltAhC-y 9"

he r~~ jot16oCyre

Yrc i r.leYe I lecow.psl1wN

Chalky

L5t 1p 4fY/iz i Ptle Vei ;sh reco-eryo,- )3/11L

breM i f5ne +o mi/oc? crystalll

3" '5tbtshga

MRKJFON"8 55-2 DOM i ArA 0 1 ci1--O



HTW DRILLING LOG.
Pr 9oRSHEET C1

o /3JO AreC ______"rrV _____ ____ OF qI SHEMT

FWSC& r.GOTECH SAMPL.E ANALY=iAL BLOW
. DEPMh DESC n OF MATERIAS IESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMAINS

b c d e f 9 h

68 cr I 16t

L-s. I tYR(4,1 2 Ple yeirw h ck 4 L
- (, rne +-0 iy icrucrys

f6paitier j c a - 7 .)-t n-vercj"s -- reIcvery-"

C. e SY& ' bari een n

bcjdy1 fioee crettl bI -1- .

rnc5 1./e, veryi I1my frs 5 / TD736

73

7M"9-

MRK Jo 55-2 I )6/OD)A,,T:xi0'-'-5



Client: US 'St 'i Project No.: :TII 94P
Project: 06/ ' "i Page:

LOUIS BERGER & ASSOCIATES, INC. Prepared by: '. MOi't 4& EMOC-12)1 Date: 2P.J!i
100 Halsted Street Checked by: Date:
East Orange, N.J.

MONITORING WELL AS-BUILT DIAGRAM

Driller: i a n - Well No.: _ 61- -
Drilling Method: T - , fl,'e-. Date Installed: ". cL --71

Coordinates: I (.it5 °h i i- /.'i "7 I 4L~F1'1 PROTECTOR CASING

/ ~Size: t0i

- Material:
Elevation Lock No.:

Groun I Stick-up

Elev. -- : "

Rock/Soil InterfaceD

Surface Seal Material

C)Riser:
Drill Hole Diameter 9

< ~Diameter: Yd
(D Material:

Type of Annular Seal Diamer:.
.iL ,-"Type of Joints:LStenciled?

Type of Seal Screen

- e xx t7I1IY ''iii, 5 tDiameter:
U) Material-

4o'- Slot Size:.
2 Length:

Type of Filter Material

-S I I'CekS~ v 5-1-ApA
Length:

7l Type of Cap:
TypeoF ilte[,.MaterIa

16(1 f te t Centralizer: Used "

Type of Seal Not Used

Type of Backfill Depth to Water
From Top of Riser ,- "
at Completion:

FORM: LBAMONW.DRW/Feb. 1992 NOTE: Not to Scale



WELL SPECIFICATION FORM

CLIENT: A fii oP 0 FNN -ii kA ,ijSTc
JOB NUMBER: J41i
WELL OWNE: J7DC Leq - e

ADDRESS:. Ai wpfk(( 4 Ao MAN~ yt6_r
CITY, STATE, ZIP CODE: tcl ]- I'" " rL. 4 In4,'i - .an:5 i6
PHONE: ai 3)9 "3343

WELL NUMBER OR OTHER IDENTIFICATION: ()2 7~
WELL INSTALLATION DATE:

GEOLOGIST SUPERVISING INSTALLATION: £"(_Ij VIL( JCf>.,

GROUND SURFACE ELEVATION (FT): -'7 J -3
TOP OF CASING ELEVATION (Fr): i, "R l:
WELL STICK-UP (FT):

TOTAL BORING DEPTH (Fr):

BORING DIAMETER (IN): S

TOTAL DEPTH OF OUTER CASING (Fr): .5-' "5'
OUTER CASING MATERIAL: .. tc
OUTER CASING DIAMETER (IN): I

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): (2 C 4 5 L?( ~AT L

INNER CASING MATERIAL: fN'C
INNER CASING DIAMETER (IN):

TOTAL LENGTH OF WELL SCREEN (FT): ,

WELL SCREEN MATERIAL:

WELL SCREEN DIAMETER (Fr):

SCREEN SLOT SIZE (IN):

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER:g -C

BACKFILL MATERIAL AROUND SCREEN: 2D~) 1'r i%2 5ft -t .
DEPTH RANGE OF BACKFILL (FT): '(1 " TO 72

SEAL MATERIAL ABOVE SCREEN:. ~ I~'hfO' e e >

DEPTH- RANGE OF SEAL (FT): ef5 l~ -TO (
BACKFILL MATERIAL AROUND CASING: 1r
DEPTH RANGE OF BACKFILL (FT):

DESCRIPTION OF TOP SEAL: t(}f'd A!1(xe .

DESCRIPTION OF WELL COVER: ,

OTHER ADDITIONAL INFORMATION:

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



WELL DEVELOPMENT RECORD

CLIENTAe,^y Cokeor4G,~'SK~vA O A 1- -F 0
cJO NO-'

FIELD PERSONNEL- .)Vy( or Ckrh SHEET: OF:I

1. WELLNO.: 08- 7-0s

2. DATE OF INSTALLATION: 52 -

3. DATE OF DEVELOPMENT: ( 9 0-7

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT 6(;. :3 FT. 24 HOURS AFTER _. _ Fr.

5. QUANTITY OF WATER. LOSS DURING DRILLING, IF USED 0.0 GAL.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT J 30 GAL.

START DURING END

7. PHYSICAL APPEARANCE Ge1z (/ec

SPECIFIC CONDUCTANCE (umhos/cm) 1248 / i'Tg // II M
TEMPERATURE ('C) 42 K ) Zi)765Zio 30T(Q )
pH (s.u.) -1. / 700 L.. 7.a

8. DEPTH FROM'TOP OF WELL CASING TO BOTTOM OF WELL 3. FT.

9. SCREEN LENGTH / ) FT.

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT 72 'PF. AFTER DEVELOPMENT BFr.

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT: Sl-iD161 'i'ed bat;er-

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: 5ack(\ewA +d~~ti ~Il~k

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE: -FT.

14. QUANTITY OF WATER REM4OVED 56, 0 GAL. TIME OF REMOVAL 9Yh, ,),, ,R..,IN.

15. TURBIDITY IN NEPHELOMETRIC UNITS 2- 2 NTUs

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL DEVELOPMENT RECORD



HTW DRILLING LOG 0131.-0
1. COMPANY NAME 2. DRILLNG SJWPThA(SHEET

3. PROJECT 6 4. LOCATION

N E l ArreA "., . .i. K S
7. SIZES AND TYPES OF DRW-LNG ,'Ojvi TkJi6 /I dA -, f-- 8. HOLE LOCATION d

AND SAMPLING EQUIPMENT 41 1 -~ fL)' t.'" ' o,'W cf N -3O13
io" 6d - - 9. SURFACE ELEVATION

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS 15. DEPTH GRUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATfR ND ELAPSED ME AFTER DRILLING COMPLETED

27,5' / j5'w "(I X! L
14. TOTAL DEPTH OF H17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED I NDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPL~t FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALICAL
ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e g h

-IP,i3 m3ccx, med p65s+ic-,--medt Sirercjh 1  mred dl.:n .t2 ",eco&er-y
-- 11Yf~t ~ dC, t.rcce . i-F CL. I0 . ie;

- some1 Fe 5.i-n

3_-

PROJECT HOLE NO.
MRK AN 55 0810b~ ArecA 4



HTW DRILLING LOGH=NO

FIED SUC~EN COTECX SAWUL M&ALA. BO
CV. DEPM DESCFIPT"O OF MATEFALS FFSULTS OR CORE BOX NO SAMPE NO. COUNTS REMAfl(S

0O' -/3 - grcw n low i-i~ii~ -0

sc6 14 some CkM L Somve Fe- sfp.h1

12

83

lbRWC HOLErcu~ NOt 1C+~l-.3. I
MRK~~~~~~~3 "r'o eg552ObODAom08--17-(



HTW DRILLING LOG 687-0
MOT~TO SHM3T

S 60JDA/o ta, Aro _____ I_ _____O __ __ __ _

FED SCRENN GEOTECH SAUMPL AAYTICAL BLOW

ELEV. DEPTH DESCRPTION OF MATERIALS FSULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARWS

a b c d e f h

5y/q OIVQ, we-hey'ed' h(.k e%4- e

cc lcWo .t, riab ie

l b

17

to %R 3/-isky PeA, we.aber-e

2o _ I o y~ / RI1 --G yk w e athered-

21

2 2 l -z dc l d r. 1 1i 1-

MRK .o," 55-2 I O6/CD Arct,



HTW DRILLING LOG 0-Co
P A1%jct)ArEET IV613r O/1) Al-: D ryt I M c 0F6 " SHETS

FIED SCMENG GEOTECH SAMPLE ANALYTICAL BLOW
C' .V. DEP DESCRTIFON OF MATEFAS IESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMAFO(S

b c d e f h

iOR311-bsky RA,_ ue.thereI very rnowit .

Sh'al, Cmcjbty te

Shale, 5" Y 4 /i borK y een-tsih Z -27S
clr v, wec+hece 3 z" reec'.j

Ls'- IOCY 7iz.; Pule %iowJsh C, Z. 0

Geen, m ccys-0-o hot4)
den, c, r5d ccec-s

9, 2-.' 1. 5 '

~ L~S~'iLOS-r core
Sempie in)fllicroc.ryv ,fni ne so~t.-cckmiy, V u, /zone

m LccJ)y ~I fl4. I'll

v e y , eie.. , p ce- , .c
cGlCarec

,?/ 'Z 61-mosh elen

mJcrcy r1UInte h 2lensI.

3'-

LS:A/A w.tbh quCrtz Incu5,cA

32 LS' AiA..si v4_~y fos; I.&rcvs_

M R K E T55 - 2 "[- -AH 
O LE N O .MRK o% 55-2 OBliO Are o"?-O



HTW DRILLING LOG HO

PROJECT o/bAw I?4SPECTORar I lmn:SHE

FIEW SCU ENN OTECHSAMPLE ANALYMiAL BLOW
ELEV. DEh DESCPON OF MATFIALS FESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d_ _ e 9 h

33

35-- ~ ~~~x 5¢z.Is .Vreen .-Z '.

LS: .f sil ieilowish yol reev

mocrocr ysfllite hC ,devvse
23S- v% p~i-teAl '

3 "5,q i #f

reovery 31"

3(~~5 L5/iyel~wish 5MYv ye
hacdtc eose, plctcrysolon e,

oIctc tx.6ous ZVchie' iCyeir .61 4r 6s'iile: iocw'512 Greenish yoy , lIrmyand

P 14 11 f~r it w, Mae~h~f:Jas

i 4I eQ 3gb

3e--- ', / b-wsky yreen, t.> ;8

: k~i-+/ t ,o~. he..e ure. re CowerV' tq"

-- 38 'o'"o 3' '

3c5 sis z Dky cjieri, Gyps.4ic hei
PIQ+ f i ene +ex- wre,

L5. 5q 8/1 YVlhwisk gcay
ham) &OSte, mcrocr i) ia ev ,
_ltr ilncea ShaleIy W,+h

M K 55 psimin8c/,o "soO

MRKJFORm 5. 5- 20 6/0) t A rea 01d°3-q7- (o,



HTW DRILLING LOG OE.
~PRQ1EC WI4PCTO~ 4

OB/Ob Area~ Irjj orqJcA n _____ ___ S4ET
F*DU~MNG GEOTECH SAMPLE ANMA BLOW

b c_______ _ e f h

Ls, SYS/i yreIlowch ~cy 3

Lto, 3&)

MRKJFOF 8 55-2 PROECT 
HL O



Client: 105 Ati pOf rii nfl L Project No.:.] i- 'AD
Project: 1310,0 Page:iL

LOUIS BERGER & ASSOCIATES, INC. Prepared by: 'Qvvrn'nif .1r&r" Date: 21k-16
100 Halsted Street Checked by: Date:
East Orange, N.J.

MONITORING WELL AS-BUILT DIAGRAM

Driller: L-CtNflC ny\I. t(0 Well No.: 6 -9'11 -1X-(
Drilling Metho6: V f I(W o ' ifn ] Date Installed: ,-.S .- L

f; .le ' fi Ai, ty q J i

Coordinates: I ,14 :Of,5 E ic; J &lO&,7 , N! PROTECTOR CASING
Size: (I

i W'557Material:-..37 Elevation Lock No.:
Ground, ... , ISiku

Elv i3b- £4 Stick-up

Rock/Soil Interface K-Drill Hole Diameter

Surface Seal Material

m Riser:
Drill Hole Diameter Rs

(n I Diameter:=~ Material: {

Type of Annular Seal Sch.: atiO
0(0. Vf Type of Joints: -

Stenciled?

;ype of Seal Screen:

__ I)0 ..l 1 Diameter:
Material: PVL..

_ _ _ _ _ _ _ Slot Size: ,
2 ,:Length: g-"

0 Type of Filter Material

Length: __ __

Type of Cap:

Type of Filter Material ,

Centralizer: Used ..
Not Used

Type of Seal (t ju,

Type of Backfill Depth to Water
From Top of Riser
at Completion:

FORM: LBAMONW.DRW/Feb.1992 NOTE: Not to Scale



WELL SPECIFICATION FORM

CLIENT: L~5Am{IJofltM OF FjV61(\ EEt - Y-ONW (',1171 01312Lf'
JOB NUMBER: aH iI 4-f)
WELL.OWNER: RDCA &,LOU ---b--5

ADDRESS: &,3UiOiki 6 401 HAI b'5 1
CITY, STATE, ZIP CODE: yt.A - Vi V2 bUEA (otA40 -&c t (a
PHONE:

WELL NUMBER OR OTHER IDENTIFICATION. _0&Q(
WELL INSTALLATION DATE:

GEOLOGIST SUPERVISING INSTALLATION: fIq.'rilj VI% 9 C4Y

GROUND SURFACE ELEVATION (FT).: i 3
TOP OF CASING ELEVATION (F ): r ) 1
WELL STICK-UP (F7r):

TOTAL BORING DEPTH (F): 3Lp'
BORING DIAMETER (IN): F.a:

TOTAL DEPTH OF OUTER CASING (Fr): s.)
OUTER CASING MATERIAL:

OUTER CASING DIAMETER (IN): (

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): ~& ~ n~rae ~ S~ tD J
INNER CASING MATERIAL: pvc,

INNER CASING DIAMETER (IN): - l1

TOTAL LENGTH OF WELL SCREEN (FT): 9,5
WELL SCREEN MATERIAL: __ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _

WELL SCREEN DIAMETER (Fr):

SCREEN SLOT SIZE (IN):

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: Qe)- q7-O&'

BACKFILL MATERIAL AROUND SCREEN: I) 2 I e
DEPTH RANGE OF BACKFILL (FT): T) 3L . 5

SEAL MATERIAL ABOVE SCREEN: ent

DEPTH RANGE OF SEAL (FT): sTO

BACKFILL MATERIAL AROUND CASING: (rl i 1
DEPTH RANGE OF BACKFILL (FT):

DESCRIPTION OF TOP SEAL: 
"  C rw ip Co"hC crefc

DESCRIPTION OF WELL COVER: ( v i ~ t

OTHER ADDITIONAL INFORMATION:

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



WELL DEVELOPMENT RECORD

CLIENT_ USATMU tCo(ps 7 t4~~O~ 2 JONi tiacA P

FIELD PERSON NEL- I~4~~(e SHEET: j OF:

1. WELLNNO.: O .- _ __ ____

2. DATE OF INSTALLATION:

3. DATE OF DEVELOPMENT: 3____12(o___________________7_

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT Fr. 24 HOURS AFTER 2Fr.

5. QUANTITY OF. WATER LOSS DURING DRILLING, [F USED Nh",4AL.
6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT GAL.

START DURING END

7. PHYSICAL APPEARANCE NJl L) 13,1 0- 13 1)

SPECIFIC CONDUCTANCE (umhos/cm) v54 i -

TEMPERATURE &53 (o__a

pH (s.u.) IA43 (o _

8. DEPTH FROM TOP OF WELL CASING TO BOTTOM OF WELL Fr.

9. SCREEN LENGTH _____ FT.

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT FT. AFTER DEVELOPMENT FT.

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT:

b ,..-2, 01C, PoMP

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: 5( 3 r-- A- P,- H )

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE: FT.

14. QUANTITY OF WATER REMOVED .5Zi) GAL. TIME OF REMOVAL Ofl Y1uL HR./MIN.

15. TURBIDITY IN NEPHELOMETRIC UNITS 1.3 1O NTUs

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL DEVELOPMENT RECORD



HTW DRILLING LOG 'IP-7
1. COWANY NAME 12. DLU.ING SUBCONTRACTOR SHEET I

/-oLj i Le r- Assoc ctw sa yczA e LA ,, p 0+ 9EETS
3. PROJECT "J4. L.OCATION - '

0,6100O Arc Ic~ o/ t- l a - FT f~
5. NAME OF DRILLER 6 MANUFACTURS DES"ATO OF DRLL

, " - nc ATV u,.j j../{ 'J /D,,; LO '.i. ,Y /kAT A,
7 SIZES AND TYPES OF DRWLNG PT J" IQ 8. HOLE LOCATION-

AND SAMPLING EQUIPMENT D J -f3 c"
07 .9. SURFACE ELEVATION

10. DATE STARTED 11. DATE COMPLETED
___________-_________-_____-321-7

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED2-o 13."_5___
13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

io" _ _ _ _ __0_ _ _ _ __,_ _ _ _ _
14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL ME'UREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMkfS FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTEOH SAMPLE ANALYTICAL BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e f g h

.ed di , (i'very S ,6

- cottM CA Ij.*.eLL) .S, q- CL C)t)

i)

3

PROJECT o OD Ae HOLE NO.

5 5



HTW DRILLING LOG HOL-NO

N YC~cn O SHEETS
mobArec I

FIELD SCE]ENIG GOTECH SAMPLE ANALYTICAL BLOW

. DEPTH DESCRIPTION OF MATEJIALS FESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS
a b c d e I 9 h

4/3 24.i ol, ve (ron, tiC-- S-t

d,.cfoc , Pnc tl5 ci, dry

;N-1e sIt I CL-

Ci

h, ,h p l~5-ccdt/ fyi str 5"cewr
med

II

MRKJFs 55-2 W OAre4 OE O

()&



HTW DRILLING LOG
INSPECTOR SHEET-

013/1)D Area, & rr lJIoDr " in OF Y SHEETS

FIELD SCREEMNG GOTEC- SAMPLE ANALYTIAL BLOW

ELEV. DEPTH DESCNPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMAR(S

a b c d e f 9 h

Si1efnigh I mrniurn c1 la-clvtr S-ura E

410c fine 40o CoacW$ Cher+5rwv', CL

CL

i9

5h14e 51Z 3/Z D-%Ky yreen

MRKn +ex'Lo5--Ji m re. mI

M R K FF' 55-2 M bOD~ Areot01 -9--



HTW DRILLING LOG )EW

V"0610 bAre, 'r jI oma__ Y-N_ OFq SHEETS
F EDMW" GEOTECH SAPEAALWL BO

"V. DEPM DESCRPO OF MATEMAS FISULTS OR CORE BOX NO. APEN.CUT REMWS
b C-- e- ____f___ h

SkqIe: S6 3/Z biis4y g~reet),

2q-

25

mi cro c cys fa I IIne~ hA

Shak-- 563/2 Disl4'yy een,

MRK AFN'8 55-2 ME HOLEro W.ec T0



Client: .v 41 ?x Project No.. 7141__94_ Dk.IF ~Project: . 4):_ ,, Page: iof" I
LOUIS BERGER & ASSOCIATES, INC. Prepared by: g3tiZtjlfl;L..r Date:

100 Halsted Street Checked by: Date:

East Orange, N.J.

MONITORING WELL AS-BUILT DIAGRAM

Driller: aI o", Well No.: 06_-_-01
Drilling Method: A1TV "ci tctti 6t-m\ i Date Installed: .Z i-

OD )(u Tit~art f6'r _ _____

Coordinates:_.bi ,(Oi, , i-/. 4rl PROTECTOR CASING
Size: L

"- " "Material: _

Ground Elevation Lock No.:
Greoun-d Stick-up _______Elev. ,,.¢., ; :..

Rock/Soil Interface Kr.

1> Drill Hole Dianp~ter

Surface Seal Material

Drill Hole Diameter ,,Riser:
U)Diameter: -

-- \ Material: CType of Annular Seal 4C Mtr:,

'did ZfC( Qr Type of Joints: {iLTrt i- -
- Stenciled?

- Type of Sea Screen:
-. 2 ( a to '.\\C.,- Diameter:

U) Material: YV -

"u _ t ' Slot Size: , ,
_ "Length:

0Type of Filter Material

Length: @3

& , ii, Type of Cap: L. 0

Type of Filter.MaterCali('& _'T Centralizer: Used

Not Used
Type of Seal C& I -q' 0'*Cxt8

Type of Backfill Depth to Water
From Top of Riser
at Completion:

FORM: LBAMONW.DRW/Feb. 1992 NOTE: Not to Scale



WELL SPECIFICATION FORM

CLIENT: _A &K IN etI LI)A cDskii

JOB NUMBER: T,14 104D

ADDRESS: 021LL)NO 4 -7 HAN 20Y,
CITY, STATE, ZIPCODE: - IC. , n(cA ' , ,(o

PHONE: ( 5 ) 3343

WELL NUMBER OR OTHER IDENTIFICATION: 66 '3 " -7

WELL INSTALLATION DATE: '5 3 -37

GEOLOGIST SUPERVISING INSTALLATION: U r I Hor "c'..i

GROUND SURFACE ELEVATION (F : I .
TOP OF CASING ELEVATION (Fr): _ _ _ _ _ __"_ _

WELL STICK-UP (Fr):

TOTAL BORING DEPTH (FT): .

BORING DIAMETER (IN):

TOTAL DEPTH OF OUTER CASING (FT):

OUTER CASING MATERIAL:

OUTER CASING DIAMETER (IN):

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): r) ="  m So r fate Toitj

INNER CASING MATERIAL: P' C

INNER CASING DIAMETER (IN):

TOTAL LENGTH OF WELL SCREEN (Fl): q,

WELL SCREEN MATERIAL:1c

WELL SCREEN DIAMETER (Fr):

SCREEN SLOT SIZE (IN): 0

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: 06 A I -00

BACKFILL MATERIAL AROUND SCREEN: iO
DEPTH RANGE OF BACKFILL (FT): To

SEAL MATERIAL ABOVE SCREEN:

DEPTH RANGE OF SEAL (FT): TO z

BACKFILL MATERIAL AROUND CASING: fi)

DEPTH RANGE OF BACKFILL (FT):

DESCRIPTION OF TOP SEAL: \(A (3 )P Wi+ On'-.

DESCRIPTION OF WELL COVER: (~Tc~C~

OTHER ADDITIONAL INFORMATION:

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



WELL DEVELOPMENT RECORD

CLIENT USAfmwt of o JOBN-,-. NO. 1. D
FIELD PERSONNEL ..... tfil 1-cul SHEET: I OF:

1. WELLNO.: -)f) j7
2. DATE OF INSTALLATION:

3. DATE OF DEVELOPMENT: - 1
4. STATIC WATER LEVEL: BEFORE DEVELOPMENT J FT. 24 HOURS AFE R i

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED ____GAL.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT 'J I '7 GAL.

Tor& (M-66J vw'l) 68 &3 IC :'21-L -110 4-70
START URING END

7. PHYSICAL APPEARANCE N D O FT. 1 DEVELO0MENT 3T.
SPECIFIC CONDUCTANCE (uVhos/cm) EQ E C lT 40 be- ) C)

pH (sxu.) 
__ ,3 .~~8&

8. DEPTH FROM TOP OF WELL CASING TO BOTITOM OF WELL _2 _ r

9. SCREEN LENGTH -________FT.

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT ___FT. AFTER DEVELOPMENT FT.

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT:-

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED:

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE: F.

14. QUANTITY OF WATER REMOVED JA-70GAL. TIME OF REMOVAL _.L2/Ll .YR./mIN.
15. TURBIDITY IN NEPHELOMETRjc UNITS .JL NUs

LOUIS BERGER AND ASSOCIATES, INC. 
JANUARY 1992

WELL DEVELOPMENT RECORD



WELL DEVELOPMENT RECORD

CLIEN~ JBof%. k k-~& - O

FIELD PERSONNEL- "- CQ j iVEX H-, f SHEE: OF:

1. WELL NO.: -6 c" -_-T

2. DATE OF INSTALLATION: 3 -- 9 -

3. DATE OF DEVELOPMENT. 6 -4-c s 4 (c

4. STATIC WATER LEVEL: BEFORE DEVELOPMENT !+,i 2- FT. 24 HOURS AFTER FrFT .

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED N/A GAL.

6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT I I GAL.

START DURING END

7. PHYSICAL APPEARANCE ____ _ 6' I 25-'-,*

SPECIFIC CONDUCTANCE (umhos cm) 6 S Cg 52

TEMPERAT URE- (-C) jZ. C/f~ k ~ 2

pH (s.u-)

8. DEPTH FROMTOP OF WELL CASING TO BOTTOM OF WELL 2- 3 FT.

9. SCREEN LENGTH 10 -FT.

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT2
3 FT. AFTER DEVELOPMENT2Qg L1 FT.

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT: i-c:> s, 5" .-L\

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED.:~ V(~-z

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE: f ( 5 FT.

14. QUANTITY OF WATER REMOVED AL. TIME OF REMOVAL k1 tZoftAHR./MIN.

15. TURBIDITY IN NEPHELOMETRIC UNITS Q NTUs

LOUIS BERGER AND ASSOCIATES, INC. 
JANUARY 1992

WELL DEVELOPMENT RECORD



HOLE NO.
HTW DRILLING LOG 08-1 --

1. COMPANY NAME 2. DRILLING SU9CONT4TR SHET I

SS,- A ecH-j& " 0N^ OF 3 WE TS

PROJECT 4. LOCATION .(n /o Arpa FT1- 1. t, -(.
5. NAME OF DRILLER 6. MANUFACTUFRr GNATION OF

Tohnr 6ornCA- A;i/ (-i, CA/ehoi~

7. SIZES AND TYPES OF DRWLNG 8.~ HOLE LOCATIONI
AND SAMPLING EOUI14AENT ! Ti~ i) AL £ ?,A oibo- t F,4s 0f~ Ar f~

9 SURFACE ELEVATION

i157. 91
10. DATE STARTED 11. DATE COMPLETED

_____ _-_I 3-_-_7
12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER TID ELAPSED TME AFTER DRILLING COMPLETED

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREM TS (SPECIFY)

18. GEOTECHIC SAMPLES DISTURBED UNDISTURBED 19, TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
__ _ _ _ _ C ,fi S 5 c. (V'4(P RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

i~4 Dm
FIELD SCREENING GEOTECH SAMPLE ANALYTCAL BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e 1 g h

2 lOY 9/2;bar, ,

:ML

PROJECT HOLE NO.

MRK A 55 CX3G/oD Artc. 08 7-&)8



HTW DRIL-LING LOG
PR1JECW 

IN51ECTOR 1  morA SHEET
2 -

0 JO D Are D,."r V I IJ)CA, _ __ OF 3 SHEES

FIELD SCREENNG GEOTECH SAMPLE ANALYTICAL BLOW

ELEV. DEPTH DIESCRIPTION OF MATERIALS RSULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMRS

a b C d_ _ _ f h

lO~iZ4/3; Brow;., med~umn

pQId+.y)ci- me4 iu,-^ dikvocncy/ recw'ecy

ma stnenb-t' CL

10 OYR3/Z- veqcjdarf('yysh

IO3x>4O 16UJun d1-5itoi-on recovrery (0"

lowu stiren i .d~ -yi

MRK JFOF 8 55-2 05E/601 Area T 0iq7-0O?



HTW DRILLING LOG 0q-
O0 /Ob "Orr irv OF ~ o3 SHEET

FELD SCREENNG GEOTVI SAMPLE ANALYTICAL L
-' EV. DEPTH DESCRIPT1ON OF MATEIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

b c d e f h

- 7.5 Y9 4/3; Bro n wva+IeicA

rel i beacarS, -ne +-o ccare

iov GeN:h 1 low ai'Wanc ML

LS 2 i3 Pie y elo' 
$ V 1g. 0 1

wtelrd) cr#~Abiy/ +rmce
Chieri-

MRAmmg55-2 08O/0D AreaT~ 91 0



Client: 11-5&64 _//" A P "._
Project: " ,- , J Page:l ,

LOUIS BERGER & ASSOCIATES, INC. Prepared by: W"Y'" Date: 24
100 Halsted Street
East Orange, N.J. Checked by: Date:

MONITORING WELL AS-BUILT DIAGRAM

Driller: LO, kLI" - ,Well No.: Q/6 -91 015'
Drilling Method: Date Installed: -"-,)4 ---

Coordinates: 33 & ,47.S&E/ L1 ( 5 PROTECTOR CASING
Size:
Material:

Ground ElevationLokN.
Ground -_ Stick-up
Elev. x: .

Rock/Soil Interface /

Surface Seal Material

C CA

Drill Hole Diameter
U) _ Diameter:=Material: f v

Type of Annular Seal Sch.:L 0 -i<_____- Type of Joints:
E• -Stenciled?

L) Screen:, ype of Seal

- ____ 7I L /hIl. Diameter:
Material:

(- Slot Size: '
2 Length:

Type of Filter Material

S~ hca ~Sump-
Length:
Type of Cap:

Type of Filter M ateria!

._ 1__ _,__-CA Centralizer: Used
Not UsedType of Seal C lkc l.

Type of Backfill Depth to Water
From Top of Riser i
at Completion:

FORM: LBAMONW.DRW/Feb 1992 NOTE: Not to Scale



WELL SPECIFICATION FORM

CLIENT: O3 A&IY C P5-0 " ,T
JOB NUMBER: Wiii1i3A E

WELLOWNER: - ncr e IL~j-
ADDRESS: HAIt46 4O7 iAtN P0s--
CITY, STATE ZIP CODE: f de.,r mcs4

PHONE: O 33

WELL NUMBER OR OTHER IDENTIFICATION: ) 1 C
WELL INSTALLATION DATE: 3 V'4 i"

GEOLOGIST SUPERVISING INSTALLATION: 0C 1-" rcH -1wr(Ln

GROUND SURFACE ELEVATION (FT):

TOP OF CASING ELEVATION (FT): L (b, II

WELL STICK-UP (FT):

TOTAL BORING DEPTH (FT):

BORING DIAMETER (IN):

TOTAL DEPTH OF OUTER CASING (F):

OUTER CASING MATERIAL: ___________________________

OUTER CASING DIAMETER (IN): (p

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCR-EEN):

INNER CASING MATERIAL: ___

INNER CASING DIAMETER (IN):

TOTAL LENGTH OF WELL SCREEN (FT):

WELL SCREEN MATERIAL: ___

WELL SCREEN DIAMETER (FT): F2
SCREEN SLOT SIZE (IN): 00C

-LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: A -7-W)~
BACKFILL MATERIAL AROUND SCREEN: "- i c'ct
DEPTH RANGE OF BACKFILL (FT: ('0 TO~

SEAL MATERIAL ABOVE SCREEN: 4

DEPTH RANGE OF SEAL (FT): TO (

BACKFILL MATERIAL AROUND CASING: rut
DEPTH RANGE OF BACKFILL (FT):

DESCRIPTION OF TOP SEAL: yZYt CCp&, MTh(f §

DESCRIPTION OF WELL COVER: Di 17I ij'ir3ic

OTHER ADDITIONAL INFORMATION:

-LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



WELL DEVELOPMENT RECORD

CLIENT- v5 Aym of ,i rz JOB NA-_
FIELD PERSONNEL. A 

SHEET: 
0,OF:

1. WELLNO.:_ _ ___

2. DATE OF INSTALLATION: 14
3. DATE OF DEVELOPMENT: 3-39- q7
4. STATIC WATER LEVEL: BEFORE DEVELOPMENT J3 FT. 24 HOURS AFTER FT.

5. QUANTITY OF WATER LOSS DURING DRILLING, IF USED GAL.
6. QUANTITY OF STANDING WATER IN WELL AND ANNULUS BEFORE DEVELOPMENT GAL.

30 4' 5 4-753
START DURING END

7. PHYSICAL APPEARANCE 
____ 47,6

SPECIFIC CONDUCTANCE (umhos/cm) '.J, Qz
TEMPERATURE (F)
pH (8.u.) 

___ ,3 _q
8. DEPTH FROM TOP OF WELL CASING TO BOTTOM OF WELL _ Q'c FT.

9. SCREEN LENGTH L 1  FT.

10. DEPTH TO TOP OF SEDIMENT: BEFORE DEVELOPMENT FT. AFTER DEVELOPMENT FT.

11. TYPE AND SIZE OF WELL DEVELOPMENT EQUIPMENT:

12. DESCRIPTION OF SURGE TECHNIQUE, IF USED: §(L, A. t.A o

13. HEIGHT OF WELL CASING ABOVE GROUND SURFACE: Fr
14. QUANTITy OF WATER REMOVED __ _GAL. TIME OF REMOVAL j//1H RMIN.

15. TURBIDITY IN NEPHELOMETRIC UNITS NTUs

LOUIS BERGER AND ASSOCIATES, INC.

WELL DEVELOPMENT RECORD



Mobilization #2 -
June/July 1997

(Piezometers OB97-09 through OB93-13)



TJUN-25-1997~w

HTW DRILLING LOG 0~&- -9 

I. hACTO- DEA14A OF Dl.L
CTH G

7b 11TO ~ ~ O B HOLA L ATION

7 M~S N MPLiG O FIPM N Nfs~ oiA r FLP F 6610 & -~ , 0 ~ ,
I Vol bi +0 s SURFACE ELEVATION

1,y /q711feet -a o ve /metr n _e51/,'"eI
4.5 10o. DATE STARTED 1. DATE COMPLETED

12~~~~1 OVTUDN HCNS GROUNDWATER ENCOUNTERED

12. OVERURDE THICKNESS 
~ ~ F

13 EP HD IL ED t4 OR 3  5 1 e DEPTH TO WATER AND ELAPS D M A R ILLING OMPLETED

14. TO DEPTH L E O H OE 
1? OTHE f2 - 1. i

1.OHRWATER LE-VEL MEASUREMi SCF)

ii e5 33 E : . 5 !,I:V !i

18 ETEHI~SMLSDISTURBED 
UNDISTURBED 19. TOTAL NI4 4 ER O"l~l1FE EXES

2D.SAPLE FR CEMCALANLYSS oc ETLSOTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE

22, DISPOSITION OF HOLE BACKFILLED MONITORING WELL OjER(SECFY 23 INAEO I NPCO

FIELD SREEN ING GEOTECH ,AMpLE ANALYTICAL BLOW

ELE. EPH ESRITIO O MTEIA~SRESULTS OR CORE BO NO. SAMPLE NO. COUNTS REMARKS

a b cd

Tine crysta Aej rw3g itO5'~

6tb~ nL~4ar ro4pt Dry

fne 4ettture sf-+ Cakc~eo&5
12yo 2 HCL reac4ianl _S&Zmafil5)5O

irtlelee 41d cer4tqre

1239i
tcwq ue Lk P

Lime5*ove: po. le Im 
s

fa.ne ciryeta1ine, 544 1 9
)2.1 Ljq " 5om~e

I TOTRL P.02



HTW DRILLING LOG
PRJECTtr.IfA iPCO SHEET Z

rt OF; , SHi-EETS

FELD C$ENHG GEoTECH SAMPLE ANAL-flcAL BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c 6 e h

-,how

sf? +Ts;";Isi-

i'in-71 ? 1-- O

c r-QIc A) 5'1/

r

1 23, 1 . )

MRK oi 55-2 ;, /Ac ,. A 0 , 5 5 2

I) QtIs-'~' .) i .,,/&-1eAJl. IV



HTW DRILLING LOG
PFKOJECT ISCORSHEET

FIELD SCMENING GEOTECH SAMPLE ANALYTICAL BLOW

Y.. DEPTM DESCRIPTICON OF MATERIALS FISUILTS OR CORIE BOX NO. SAMPLE NO. COUNTS REMRKS

a b d h

* ~ 7-

Ail~ -

PRJC 
HL O

89 -2

MRK.,.3. 5.3



HTW DRILLING LOG 3
.,0 SHEET4

(,,/fi ' A OF wON ,o SHEET S
FISCRENIG GEOTECH SAMPLE ANALYTiCAL BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR .CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d ef h

- ik

h'Z; L "4 -- . .- > 
I-t'

4.14/;

4-'-. 

--.r. .. . , ..- 1 J. / , / - 1 4 _ , i

- ::" ' -. / .. " .. -"

- l )

IM'' F, 5 2

- I

'..,:' ; - -7 - .' L - '1 + :-.: .: . o 'l

."::frr iC rctXAt
J 7;Z~i/ l t

t-'- :, A ,, A'c-- ' t ,

'7,-:4 V 2:>~q "':'

(.2
sIl'l 7 . a c a tj[ Jlil 

'.

PROJE%~'C .-. " , ,IH.

MR ', 52f l >[J:q:::"<' _. .. ....b -"'-



HTW DRILLING LOG
P~1JECT 14ETASHEET

CF; SHEETS
FIELD SCFIEEN1G E0TECH SAMPLE ANALYIAL. BLOW

:v. DEPTH DESCWPTON OF~ MATEFIALS FIESLTS OR CORE BOX NO. SAMPLE NO. COUNTS RFJWMA(S

a b 
h

- PROJECT.' O ?.,

MRKJ 55-2



HTW DRILLING LOG
PROJECT .r SCTRSHEET

FELD SCFUiEE G GOTECH SAMPLE ANALYMiAL BLOW

ELEV. DEPTH DESCRPDON OF MATERALS FISULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b C d e h

'4 qi '~-V( ~ )3~t'13

H,'

s ni~~.1 rd L

I, 5 C, -,l A I .

(~'n

-- ~-7

MRK JFed.ag5 -27 '



HTW DRILLING LOG
PROJECT .i4sPECTOn sHEET

'SHEETS
ELSCFEB" GEOTECH SAMPLE ANALYTICAL BLOW

EV. DEPTH DESCRPTION OF MATERALS RESULTS OR COFE BOX NO. SAMPLE NO. COUNTS REMARS

a b c d e f h

.... .. . .".

I 
"; . . : .

S~~~~~~. .... .. ...... . ...... ~x'

p ECT . HOLE -  .
M RK JFORm 55-21 T .,... ....

° "' ",:,, '



HTW'DRILLING LOG
PROJECTt~~HPCO 

SHEET

FIELD SCXEENWd GEOTECH SAMIPLE ANALYTICAL BLOW

ELEV. DEPTH DESCNPIT1ON OF MATERIALS RIESULTS OR CORE BOX NO. .SAMPLE NO. COUNTS RMW

a b c d e 1 9

C 4~ Y:?'i 
O- 

1-

- Y(Cp A

PRJC 
HOLE NO.;

MRK FO.Fm,, 5-2f,-, - ---C)



HOLE W.

HTW DRILLING LOG
P~aJECT I4SPTORSHE

-f__ __ OF SHEETS

FIELD SFENW GEOTECHSAMPLE ANALYTICAL BLOW ~ (

I.4

vjC
4

tcs'.4
t

t

PF40JECT OLE NO.

MRK 552FIaq 55-2



HTW DRILLING LOG
bHdl ___ OFSHEETS

FIELD SCFEENING OTECH SAMPLE ANALYMiAL BLOW

ELEV. DEPTH DESCFWDTON OF MATERALS IEStLTS OR COE BOX NO. SAMPLE NO. COUNTS REMARKS

a - b c d- e h

-7

//~J~Lk

J~ J

M RK ~uNF m 5 - -.0) 6/(.- Ar--C



HTW DRILLING LOG
SECT O SHEET'

A' - ~ ~ ___ OF' SHEETS

F*EL SCREE)NG CIOTECH SAMPLE ANALYM1AL BLOW

.EV DEPTH DESCAFIO OF MATEALS RESLTS OR COR BOX NO. SAMPLE NO. COUNTS REMAl(S

b c d e f - h

'I L

i i
PR

.7 pZ
( A1"85

'V0

- f -

MR 5-2 I90



HOLE NO.

HTW DRILLING LOG
PROJECT I4PCO SHEET

FEU SCREENING GOTECM SAMPLE ANALYTICAL BILOW

ELEV. DEPM DESCRPTION OF MATFIIALS FISULTS OR COFE BOX NO. SAMPLE NO. COUNTS REMABV(S

a b cd e t h

'Lag

f on

II

I I '.7p)

-La 9I~ 1-

HOL NO.

MR JF'.,m 55-2c~ ~*



HTW DRILLING LOG
PR4WCT~ ,'u 

ISET~~ HE
o p- A2 OF i-f SHEETS

FIELD SCIREENWG OTECH SAMPLE ANNNT1CAL BLOW

EV. DEPTH DECRPTION OF MATERALS FESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b C __e_____,__

i q
UO

L ':(7 V .

J '.

C,~ l,
+ 

(.....ce

~ 4
Ir

lZA,
A. 1 '. 'r/"4-t . .. .. .

,, ,, a qi-  ~ ., ,

Fi ,. 1, r> A Vt

MRK OF" 55-2 e)§'" /;"' "



HML W.

HTW DRILLING LOG -

PRQECCT 1 A PE SHEET j-r

FIELD SCREE" G E0TECH SAMP~LE ANALYIAL. mLow

ELEV. DEPTH DESCIPTION OF MATERALS RESUJLTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARO(S

a b c d e S 
h

A

ptip

MECT 
HOLE NO.

MRK ~q55-2 
Ci 7-:1c1-



WELL SPECIFICATION FORM

CLIENT: Av.y Cops or E4G,0.EepS - KANsAs CTV D -,X'C

JOB NUMBER: ( TI- i-)

WELLOWNER: FOr R. ii._'i -D -E

ADDRESS: ~ - t-D i 6f- IO7 IqAiN Pom~

CITY, STATE, ZIPCODE: N- A -5 +/2 -&o

PHONE: (,973) 239-33Lt3

WELL NUMBER OR OTHER IDENTIFICATION: Qf - Q q P-L - 51N~s-r ov 6 dF,, s
WELL INSTALLATION DATE. F,1 t' L5

GEOLOGIST SUPERVISING INSTALLATION:' \- tA ,A. /Ariiz~t M otlHAN

GROUND SURFACE ELEVATION (FT): I2iZ (5LiruF_1ok~'5 Disc)

TOP OF CASING ELEVATION (FT): QPQ{ f\IC CAj,

WELL STICK-UP (FT2):

TOTAL BORING DEPTH (Fl') "i:1 b~

BORING DIAMETER (IN): ? // [H

TOTAL DEPTH OF OUTER CASING (FT): / -i f T- (E-r ( m oR) 1 A ,

OUTER CASING MATERIAL: fl -. L) U-- O ]P \C

OUTER CASING DIAMETER (N): -

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): O' Io2..{ "- 2"--!4 2s 7. .. )

INNER CASING MATERIAL: 5Ct- E.C'LE 9.. 0 NC) P - "

INNER CASING DIAMETER (IN): I INut\

TOTAL LENGTH OF WELL SCREEN (FT): '* (J . i- Z..

WELL SCREEN MATERIAL: £-H V'" -, PlC

WELL SCREEN DIAMETER (Fr): i 1( -

SCREEN SLOT SIZE (IN): Ali C "O ,IjCq

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELLNUMBER: O T- - Oi P2-

BACKFILL MATERIAL AROUND SCREEN: S 5 c )

DEPTH RANGE OF BACKFILL (FT): =L ATL- -LCo- T"

SEALMATERIALABOVESCREEN: B F.rN T-o .F ()-L CHtI' 7-sO

DEPTH RANGE OF SEAL (FT): -t b " LE i-t - ' TO

BACKFILL MATERIAL AROUND CASING: EN T-N i r5

DEPTH RANGE OF BACKFILL (FT): -S-F- -- 6--( Z_ F'L-CV\4 -

DESCRIPTION OF TOP SEAL. - 0 Gr-ou$D 5Li/ Ac-F 4 -AfC -/J) A"EIL

-re6L- ?-orrw'C CASiMJC SET-.

DESCRIPTION OF WELL COVER: I0 -- ( 9AM tT- -k- 5$EEL- f-C, F A-'T-I V E CASM) C1

OTHER ADDITIONAL INFORMATION: "'r-P OF t9-'5 ,'T>t-. -'T-t6 ) -J'E3Y (HA VI(.U'. )

i~k5 0 NC S/'$P IUM(6I- oc NoTJCif-ES 1AC(-tCASE5 wrI-

'Df:c-Asjf'cT DeprPYf .C.

lcic25 o

4 2- q _ - -o

Ltci$5 .~ -~ .Ct '-il9.qt -29Th.S st-EZ

2cp5 4 
-. 

- 2-C

LOUIS BERGER AND ASSOCIATES, INC. 
JANUARY 1992

WELL SPECIFICATION FORM



HTW DRILLING LOG, . 17.

1 OMAN NMEA 
DLING SUBCONTRACTOR S*eT I

. C N N OF S IfETS

S4. 
LOCATION

5. NAME OF DRILLER 6 MANUFACTUER S DESIGNATION OF DRILL

7. SIZES AND TYPES OF DRILLING ,-, ,-+ r< ", + . 8. HOLE LOCATION

ANDSAMPUNG EQUIPMENT A ,

- . 9. SURFACE ELEVATION

" i-a i+ .- ! " - ", * . ..

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS 
15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK "" 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILUNG COMPLETED

14. TL 
17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

4.TOlTAL DEPTH OF HOLE ." ,0 :[ i' i[,

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

iV/A
20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE

_RECOVERY

jot 

%

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTICAL BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e f g h

Cb i--i 'i ya.2 i) ... .. j ... .. . . ay

t ta

. .. '. .
- 7 

-

4 7 4 3 ta f j 
.

..... _________

hp ?RAPROJECT 
Ar 

HOLE NO.
(A 3.c...../6 tP77 _



HTW DRILLING LOG
P .W ."aQ 

SHEET -

t-__ OF Z SHEETS"

FIELD W~EE"IN GEOTECH SAMPLE ANALYTIAL BLOW

ELEV. DEPTH DESCFP1ION OF MATERALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b Cd f 9

*5 +

Hil 4

~ ~ ~z ,'*-5

/W

I If

[9EC 

HOL NO.

MR K JFORm 55-2I >



HTW DRILLING LOG l/z
IMP.P~' ' 3 ~c orgr ___EE1

FMW SC. . Gl GOTECH SAMLE A&NMI&AL DLOW

.,-v. DEPM. DESCNONM OF MATEJA.S F.SULTS OR COEE Bx NO. SAMU NO. COUNTS PeAAR-S

a b c d _f_ _ h

0

IIVI lb usic red(53~

00d C rri4

3%i ~~, PA

KRWE4 
HM 

_ -

R O' 55-2d .7t 27-S/L

l ! { : !  'I ---:

- 1 r w -- r-"- , .. -o C I C O. ' ,

: 0*

it

MR! '',0S.,- " !..ZP/¢,J C"<
MRK 55- 6%/QI~



HTW DRILLING LOG'
~~CT AI~IN1P ceq 14 SHEU~

GE SOM OM SC ANALYnCL BLOW
EME. ID"~ LECPfO OPMTFALm ~ UTS OR MMI BOX NO. SAiWL~E NO CUNTS 1RM

&+ir 0 oc,,-oucj no

rf9~f~ ton r.dry, ;o

H. C I

;,5( Cf) uc Q'(~b

U f- C LA bc) c-

-tieC iLh~

PROJECT MNO



0O / A ect 'NsPE"ar rfrk m o OF__

FELD SCIEEWIG GEOTECH SAMPLE AHALYTAL BLOW

ELY. OE~hC~SC~1ONOFMAEM.SIESULTS OR CORE BOX NO. SAMPL.E NO. COUNTS FEMAII(S

a b c d efh

75 - 51,aLvea kred 09 "11V hn

nlo rec ior)HC 1 /60 O%

I' ' 1x 0

fvie -,)XVuve 5ubf'~)

*1,,we V f, , L

(4~~~~ (3'Ur Mfl#

MET OE O

M 3' 5-



HWDRILL1NGLG>-

FIELD SCIfBM G OTEW~ SAMPLE ANALYTICAL BLOW

ELV DEPKH DESCJFOFTON OF M IE3JLT OR COE BOX NO. SAMPLE NO. CONTSAA S .

bc d e h

50 4- U Va4~ 4 0 66) 1 Ch&-r.

4/A iu~/A

ter~vHOLE NO.~.



HOLE O

- HTW DRILLINGLO 8V/P

AolW Lrg -AeEE7
UrrVu _____OF7_SHETS

FIL MEfGGEOTECH SAMPLE ANALYTICAL. SLOW OFSET

-.0~. DEPTH DESNP11ON OF MATERALS FESULTS OR CORE BOX NO. SAMPLE NO. COUNTS FEMARKS

a b c d Sf *h

CA, 
jLflL

L.14

-ILY5~A~ ra (N~) 0 orO~ leAfQ

4&tI-- 
0f I /m"11/

/I2. a i i 
, ,!

HOEjO

MRi JFq"m 55-2___ 
______



WELL SPECIFICATION FORM

CLIENT: I 4A1tAV 609?5 oF ELN/iMES - AfAS (T'/ J~iTRnfcT

JOB NUMBER: f+ - fli

WELL OWNER: - T pLE - -

ADDRESS: ~L4 i-P)J 'toi MAIN 0

CITY, STATE, ZIPCODE: -c 'T QiP'-i; K7i'---A -f/1
2  (,0F4b

PHONE: 0/3) Q3q-3343,

WELL NUMBER OR OTHER IDENTIFICATION: .q6) -- ,o- Pz_ _L - L NEsr - oF 5 ?,o'ETE.

WELL INSTALLATION DATE:

GEOLOGIST SUPERVISING INSTALLATION: PANEL- KMOHA~M / "k:2i "L fO'-G'AN

GROUND SURFACE ELEVATION (FT): ii ',- (S ,z.iz-s R')

TOP OF CASING ELEVATION (FT): ,L .S . (o' INC

WELL STICK-UP (FT):

TOTAL BORING DEPTH (Fr: "

BORING DIAMETER (IN):

TOTAL DEPTH OF OUTER CASING (F0: 5 FE

OUTER CASING MATERIAL: F.C"  fi/--

OUTER CASING DIAMETER (IN): o it'KtA

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): - , " Q -- \ 1'OI

INNER CASING MATERIAL: .c.. fFLi- PY

INNER CASING DIAMETER (IN): r1 - 40H

TOTAL LENGTH OF WELL SCREEN (FT): '_ Q- 9

WELL SCREEN MATERIAL: -S6 8...)  PV( -

WELL SCREEN DIAMETER (FT): - (. H

SCREEN SLOT SIZE (IN): 1 Q (.C4

LOUIS BERGER AND ASSOCIATES, INC. 
JANUARY 1992

WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: 8C77 -/0 P

BACKFILL MATERIAL AROUND SCREEN: (O/g- 6 Si2

DEPTH RANGE OF BACKFILL (FT): SEC -T L- -- LOV" TO

SEAL MATERIAL ABOVE SCREEN: 3 PfN'-JT - (P1 LP-Luc 0/1 iZ PS

DEPTH RANGE OF SEAL (FT): -5ce '--"A6- .- TO

BACKFILL MATERIAL AROUND CASING: B EN br4' ,7-C

DEPTH RANGE OF BACKFILL (Fl): 5,66 "--- . .C

DESCRIPTION OF TOP SEAL: - EN '-rOV I r6 -7-0 c r -aAJP ScpKFAC PLACETP

DESCRIPTION OF WELL COVER: I0- //v'cH "-Vf crEc -5-'--ET--iI'

OTHER ADDITIONAL INFORMATION: l_. ZA/AL _ 6P.tETID /_ /j I7tFiEP jN9

%l 4tE- O ,VC-rc/f 5- NutAA-- oF orc, /NC6/6-5. v'I TH

TP CA&. A$,,\JG - Eiprd- 5cCf.E E C

j~~~PrHc ,INCE H /2 Af'J& £S ErJt
SJ~c ~ OF ut(t b. s) o-scALFt fi > YzA1LF-

5N.5, . -Y-I5 -5- -i ,5 Lyc(i -50

$cpH -- H/.O .H 1--f2- .5 c3

L PP - 3.53.01 _0o6 3ii/.-? .c7

"m oR 0 . 2-- 19-5 -
9 - - .c

(K) =, N). Fl 15.o 15.0 o Y-ol0-

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



HOLE WO.

HTW DRILLING LOG
1. COMPANY NAME_ 2. DRG SUBCONTRACTOR SHEET 1

-. OF SHEETS

3. PROJECT 4. LOCATION

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

7. SIZES AND TYPES OF DRILLING 'Q 8. HOLE LOCATION

AND SAMPUNG EQUIPMENT *; .,- .t " '4j.; . .

9. SURFACE ELEVATION

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS. , 15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILUNG COMPLETED

14. TOTAL DEPTH OF HOLE 17, OTHER WATER LEVEL MEASUREMENTS (SPECIFY)

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTICAl BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e f g h

..... ........ -- ------. . ,
2' , 2 2Yt&,

i
0 ',

, .2 .A 2,. ,

'-I

I PROJECTHOLE NO.
FOOJMCT .. ..... ,2. 2, •I



HTW DRILLING LOG
PFOJECT WIHSECTORISHE

FIEL SCREENC G OTECH SAMPLE ANA±.LYCAL Bmow

ELEV. DEPM DESCRPT1ON OF MATERALS RESUILTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d et 9h

.1 ~ ~ 
I 

-. 
'

HC - /,-j'

t4 L < Kf~ji'i.

.EIC ii

5o'qCI her

ME OL O

MRK F.O~, 5-2 Aec, 
e-c 7-. P7



HOLE NOHTW DRILLING LOG
, "l OF SHEETS

FIELD S&CENI GEOTECH SAMPLE ALYCAL BLOW
CLEV. V" DESCNPToN OF MATEALS RSILTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d S f h

rZ4 ~ IA C,-J-

-mEC HOLE NO

4 It

Sit) i

I-

J 89 F
I tK Q.. 55-2

I

-$ it- u f---r4'

Co "

- i% """ PRO"JECT -

MRl,5-27/7 > 9 -1.t; -



HOLE NO.

HTW DRILLING LOG
PROET Q /(NaW14PCO~ SHEETq~

0 BZ16PETIRe4 r v rOF 7 SHEETS

F.D SCFENIN GEOTECH SAMPL1E ANALYTICAL BLOW

ELEV. DEMT DESCFVPTllON OF MATENIALS I-SUL.TS OR CORE BOX NO. SAMPLE NO. COUNTS REMWAKS

a . b c d e f h

3(

C. AC) yi

PM VN J

d d

MECTHOLENO.

M RK F.Rm 55-2 oe ,z



HTW DRILLING LOG iHL O

"M OF HEET

FIELD SC~lENW G OTEC14 SAMPLE ANALYTICAL BLOW~LV DED ESCRP11O OF MATEFAKS RIESULTS OR COE BOX NO. SAMPLE NO. COUNTS REMARK(S
a b c d f 9 h

4 -. * . 4 2 -1

rj f.'-A 4 ,, 7

i ry t S

r,;-a .4

L; i 4 ~ t
MEC HU NO

MR ANo'8 55-2 ~ -p~ ~~C



HTW DRILLING LOG
PRO.JECT 14SPECTOR SET

_____ Or SHEETS

FlEW scwENI GEoTECH SAMPLE! ANALY-ncAL BO

ELEV. DEPTH DESC~fMON OF MATEFALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS R1EMARKS

a b c d e f 9

H~'-. 'J

MC MWNO

-R JUN "8; 55-2



HTW DRILLING LOG
PFOJECT SHEE

$u l

s,~.,4s,

rn U

nn /o

t' c JOY.;-

V- ~ '

~~"t ;k . ~~
-AY' cc!'M&

vi" j

1v

7'-

P 2EC HOUNO

M~~~~~~<" R" K ''F,,55- ,- ,7



WELL SPECIFICATION FORM

CLIENT:a A~Rtal Coi-P5~ urC~ V~A~L$ <1rA ~ Y 2)isrsic7

JOB NUMBER: ) .' .-- " -

WELL OWNER:. c~ ~ 9 E

ADDRESS: 33U,.-D,,6 .4f07- Miffq PosT-

CITY, STATE, ZIP CODE: ]-c'e- 4Lo- , KA/4AS 6 64'-i2 -(,0o 4

PHONE: (913) -2 39 -33L4 3

WELL NUMBER OR OTHER IDENTIFICATION: rb- I' o- NE or F 5 PE-oMETEI,

WELL INSTALLATION DATE:

GEOLOGIST SUPERVISING INSTALLATION: "-:AN ElL- iO/4' P46 /[q)KF YL k__ <6iANA

GROUND SURFACE ELEVATION (FT): 
Disc)

TOP OF CASING ELEVATION (Fm: H2, Q - P PiC (,,5, )

WELL STICK-UP (FT): _'z -c

TOTAL BORING DEPTH (FT): b-E c -

BORING DIAMETER (IN): / 7/g /-

TOTAL DEPTH OF OUTER CASING (FT): " - 25-' ' ("-AV ::,)

OUTER CASING MATERIAL: . H .PLL- A5 0 Pv -

OUTER CASING DIAMErER,(IN:

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): t j' V -sk -5 O"OJ " '" ' 5I-O' 2 (-O) )3,0

INNER CASING MATERIAL: SCNED iL 8o e"ic

INNER CASING DIAMETER (N: .-- I N Ct-'

TOTAL LENGTH OF WELL SCREEN (FT): -
s t 

o° O cl 0I9

WELL SCREEN MATERIAL: 1- E DU ( -A L(_

WELL SCREEN DIAMETER (FT): I I (-

SCREEN SLOT SIZE (IN): C- 2.c) irt'j'Ci(

LOUIS BERGER AND ASSOCIATES, INC. 
JANUARY 1992

WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: Of q -- - I Pz

BACKFILL MATERIAL AROUND SCREEN: COAK, 6 5AN

DEPTH RANGE OF BACKFILL (FT): _5E -r-g eIO Id TO

SEAL MATERIAL ABOVE SCREEN: FN roN r4T6 Pt~ P4.i.4CT OP -fV

DEPTH RANGE OF SEAL (FT): LEE - -T

BACKFILL MATERIAL AROUND CASING: - 5N 't70" N T -'_

DEPTH RANGE OF BACKFILL (FT): --fE 6 1" L 5 I ,t'

DESCRIPTION OF TOP SEAL: Br'q'wroji" "-r 6 /1dl) -rc6; P2-.C/.) AF7TA,

DESCRIPTION OF WELL COVER: /O-NC D LL4 67tqAT "'.L ? ZcTIXj6 c.I~r' &

OTHER ADDITIONAL INFORMATION: "NFE/'-V Pj- 5C'E EN Et IS ' -FiTD . /

NuMBLE aF /ori-E5 or- NwullZf. of- 1Vrc1CS-1 rv&, Sc Wnr-f

- - 550 35-0 3"03a7

,N'E' L55 - 12;0 3- _- 0

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



HTW DRILLING LOG 01_3-q-;z
1. COMPANY NAME 2. DRILLING SUBCONTRACTOR SHEET I1

_... v O F EETS

3. PROJECT 4. LOCATION

5. NAME OF DRILLER 6. MANUFACTURER'S DESIGNATION OF DRILL

Sob
7. SIZES AND TYPES OF DRILLING _A.' r" " - ' " 8. HOLE LOCATION

AND SAMPLING EOUIPMENT L .ic1 & J' lo, t ,7-v, 0 1. . T to-- ;3g.l i-i t 2

r-.," A i ), lp , 9 " ;, 9. SURFACE ELEVATION

10. DATE STARTED 11. DATE COMPLETED

12. OVERBURDEN THICKNESS ' 15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK ''- 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY) ... ,,
- i ' .- 

;

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

_ __i/A

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
RECOVERY

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTICAL BLOW

ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d e 1 g h

.r /

-

-
I'

- I' I~

- l's

-L /I&I

PROJECT HOLE NO.

, oRK ,'/0 Ar, ... , 7-f PA-



HTW DRILLING LOG
PFIOJECT K ISCO SHEET'

___ _ ___ _ __ OF SHEETS

FIELD SCIEENWNG OTECH SAMPLE ANALYTICAL BLOW
- V. DEPTH DESCRIPTKON OF MATERALS FESLTS OR CORE BOX NO. SAMPL.E NO. COUNTS REMAJWS

b Cd e ft h

MRECT HL O
FOO -



HTW DRILLING LOG 24
PROJCT ~- ISPETORSHEUET$3

________: A_ __ _ f_ __ _ _Vlo ,_:w OF .7 SHEET

FWEDSCREENMN GEOTECH SAMPLE ANALYTICAL BLOW
ELEVY DEPTH DESCFAPTIOIN OF MATERIALS IRESULTS OR CORE BOX NO. SAMPL.E NO. COUNTS REMARKS

a b Cj d e f 9h
Ire ,

t s)

y; I

*tz C ', r' r

I R -(XI 
OLENO

-J c 7
i/RKJ.! , -2 1 P



HTW DRILLING LOGL
PROCT SPC SHEETi

~-~(A V't r V_____ M________ 7 SHEETS

FIELD SCREENHiG GEOTECH SAIWOLE ANALYTICAL BLOW

.V DEPTH DESCRPTION OF MATERIALS FESLLTS OR CORE BOX NO. SAMAPLE NO. COUJNTS itEMA~l(S

a b c0 e ft h

PROJECT r741

MR FO"95-



HTW DRILLING LOG
PROJ1ECT ~ iPECIPA SHEET?

A /-I~~~________________ OF '-SHEETS

FlEW SCREENING GEOTECH SAMPL.E ANALYTICAL BLOW

ELEV. DEPTH DESCFIPTION OF MATEFALS RIESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMAWS

a b c 9

7"

A2

flLJU Ae

1~L

PRCEC HOE O

"~~-- t." -4-h&'

MRKL8"'"8 55213107 -. _



HTW DRILLING LOG tZ

PWEV, OF 7C SHEET S

FIED SCREENIN GEOTECH SAMPLE ANALYMiAL BLOW
EV. DEPTH DESCIlPT1ON OF MATEFULS RIESLTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARK(S
a b d e t 9

)

f4i CirK,"i N

k-i, n I)Pra Ii- ~

MR AF~mm. 55-2cr,~4L



HTW DRILLING LOG
FOJECT rr A 14SI:'EOR rSHEET 7

-~ 'OF 7 SEETS

FIELD SCFEENWNG OTECH SAMPLtE ANALYTiCAL BLOW

ELEV. DEPTH OESCFPTION OF MATENIALS RESLTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS

a b c d ef 9

-a

at..

Df~~.~ C., K(r ro

~ ~ r'c~ vry&\r. 3L

PROJC HOE c

-t -o

M R F*"A955-2z



WELL SPECIFICATION FORM

CLINT: aL AI~YnY COOS'P oF e1V61N&/S I1N56CiV 'C5~

JOB NUMBER: "-i-F -,

WELLOWNER: - , ,,.--'1 -Z "

ADDRESS: '13 uIL-DN 4c (p4Aii r -?c <s'F

CITY, STATE, ZIP CODE: .Fo~- oIl - K~arN$A5 664Lft GO IC.

PHONE: (I3) 2-3q - :33 q3

WELL NUMBER OR OTHER IDENTIFICATION: .P9 - Pz- (o- .) /Y>r o 5 f, jom x¢

WELL INSTALLATION DATE:

GEOLOGIST SUPERVISING INSTALLATION: IAJi Et-~ )(t~i/ 2A~CU /4,&v

GROUND SURFACE ELEV ATION (FT):, 2I-~ j~ EAI

TOP OF CASING ELEVATION (FT): I t 5"5 Q " ' P 4 ( C'4C")

WELL STICK-UP (FT): o E"E.

TOTAL BORING DEPTH (FI): 5. F" "

BORING DIAMETER MT): .7 -'/C/g

TOTAL DEPTH OF OUTER CASING (FT: 5 3

OUTER CASING MATERIAL: H E" 1 LILt ,c P v(-

OUTER CASING DIAMETER (IN): -

b. A. !5 t o I l _1" t 5 lo_ 5 _9

TOTAL D fTH OF INNER CASING (FT. EXCLUDING SCREEN): Th 5"j' .i' ii'-.'

INNER CASING MATERIAL: 
e N- -- L . .- ?\).

INNER CASING DIAMETER (IN): "-

TOTAL LENGTH OF WELL SCREEN (FT): '1-t 0-, 0IGtj'{ 0- ' o c

WELL SCREEN MATERIAL: C o e. 90 p C

WELL SCREEN DIAMETER (FT): I - I AN

SCREEN SLOT SIZE (IN): 0 -0..0 1 NC-i4

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER: 5 Z- P-

BACKFILL MATERIAL AROUND SCREEN: CoAKSC --APr~j (fC-2 o)

DEPTH RANGE OF BACKFILL (Fr):5§rC ,6i-" SEL.v TO

SEAL MATERIAL ABOVE SCREEN: N O FEPLJ ci;()

DEPTH RANGE OF SEAL (FT): T 7",1L. JCL. _O

BACK .IL MATERIAL AROUND CASING: 3 C-r T-6-

DEPTH RANGE OF BACKFILL (F7): 5- 21% &5- LOW."

DESCRIPTION OF TOP SEAL: P-E-V TONr6 -F 7- --.Ou r' SaLUr A.tPh,,E) AFTEP -

DESCRIPTIONOF WELL COVER: IW- rN&I -PiNEE kaL -5 T ?/c7-E-F vC C/Sr'(C.

OTHER ADDITIONAL INFORMATION: "-T /-T\
- _cZ fv EP 15 / -/-C /

/VA Mi i-% oF N rc/-/H5 - ,vu/v c- r,F /,vorctdc5 i'cP-:sc ,t'r#

to-orZrv A-FJoA PE~e7rH 6jtV6-C

f53-5 -LjC- - t !5c: - S

Lu )PC( ,3 .Lt - 350 3 .0 - 5h373/2' 3 5-

v y oP-E 3i-2 - ?9 2 9 - % / 5 -3
v. cm-, 3L2-' --- 2.- '.- - 2o -3 /

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



HTW DRILLING LOG
1. COMPANY NAME 2. DRL.G SUBCONTRACTOR SHEET 1

O F SHEETS

3. PROJECT "' LOCATION

5. NAME OF DRILLER 6. mAMFACTUFIR'S DESIGNATION OF AL

7. SIZES AND TYPES OF DRLLG a, r , " 7 "" .B HOLE LOCATION
AND SAMPLING EQUIPMENT % 3 (< ~ ~ ~ :~ '~Li'. ::

...... U.-, 9. SURFACE ELEVATION

10. DATE STARTED i11. DATE COMPLETED

12. OVERBURDEN THICKNESS 15. DEPTH GROUNDWATER ENCOUNTERED

13. DEPTH DRILLED INTO ROCK 16. DEPTH TO WATER AND ELAPSED TIME AFTER DRILLING COMPLETED

14. TOTAL DEPTH OF HOLE 17. OTHER WATER LEVEL MEASUREMENTS (SPECIFY)
"" S J , , -- . , - ... .."-, - " -

18. GEOTECHNICAL SAMPLES DISTURBED UNDISTURBED 19. TOTAL NUMBER OF CORE BOXES

20. SAMPLES FOR CHEMICAL ANALYSIS VOC METALS OTHER (SPECIFY) OTHER (SPECIFY) OTHER (SPECIFY) 21. TOTAL CORE
" iiI RECOVERY

. . .

22. DISPOSITION OF HOLE BACKFILLED MONITORING WELL OTHER (SPECIFY) 23. SIGNATURE OF INSPECTOR

FIELD SCREENING GEOTECH SAMPLE ANALYTICAL BLOW
ELEV. DEPTH DESCRIPTION OF MATERIALS RESULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARKS
a .b c d e 1 g h

lg z

-4

HOLE NO.PROJECT ,,7

MRKAFMISASI 5 L .



HTW DRILLING LOG
PROJECT,' SHEE

PFAECTI4PETO
- - __________ OF SHEETS

FILDscREE"N wOnhcH SAMPFLE ANALYTIAL BLOW
ELEV. DEPTH DESCRIPTMO OF MATEJIAS RSULTS OR CORIE BOX NO. SAMPLE NO. COUNTS REMARKS

a bc d e ft h

At ~ ~ ~ 7 - ? :
s k --- r

~ /f " C J

~H~-I I,~ f'T~J

~All

0-1 C

j1j)

I-,f" j,

I 73

IPRCJECT
MRK UN 552



HTW DRILLING LOG
paWECT 04SPECTO V OF-TGui _______ _________ O~tSHEETS

FIE SCENG GEOTECH L ANALYTICAL SLOW
ELEV. EPTh DESCRPTION OF MATERIALS WBESULTS OR CORE BOX NO. SMiPLE NO. COUNTS REMAR(S

a b cd S f 9 h

- #4- ,, o

jq;c'4 i
it-

I7

Uc rq'~P f :k') t .i-

•4- .4,1 -, t9..

..... . .-- "' 7 L :'- )-

-

-0,

ii 3~'

Pro.-x.!I

, H NO.

MRK .'tB 55-2 1 , .. . : I - '-' ;



HTW DRILLING LOG7-/
/4-' 1! A_ _ c,-__, OF 2SHEETS

nELD SC~lEMNW GEOTECH SAMPLE ANALYMiAL BLOW

ELEY. DEPTH DESCFIPTION OF MATERALS FSULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMAM(S

a b c d _ e 9 h

252

PC.,- '-v

4 0r~i

CLIE oz1,1

Af.

MRK 

49
~~Ju "89 5 ; . , :



HTW DRILLING LOG x

PROJECTS - ?SPECTOR ~.S E T.

-RJET -iE ~ I ___ __ ___ ______ __f__ OF.:f SHEETS

FIELD) SCREENIG GEOTECH SAMPLE AALYTICAL SLOW
cLEV. DEMD DESCRPTION OF MATERALS RSULTS OR CORE BOX NO. SAMPLE NO. COUNTS REMARK(S

a b c d e __ _ h

M ~ ~ ~ ~ ~ 5 R, K -O"m



WELL SPECIFICATION FORM

CLIENT: 15AJ1 C2P5 Q Er& /e- e 4 i5/5(jnb 7 ~77C

JOB NUMBER: -I4li.

WELLOWNER: f ,9-r- eL- - 9 H-E

ADDRESS: Dot P/N'C.-T 40 M(tiN ?osr-
CITY, STATE, ZIP CODE: 6--- ,LEi 6 6 q __--C'ok U
PHONE:(93) 39 5 'J

WELL NUMBER OR OTHER IDENTIFICATION: Oeq 7 - /3 P2'Z - Ll ~r f-r5j
WELL INSTALLATION DATE:

GEOLOGIST SUPERVISING INSTALLATION: DIA' L*'6C/IA0/-),q / ')/L eCOoH

GROUND SURFACE ELEVATION (Fr): a:5 + : (D i'- 'oe -I

TOPOF CASING ELEVATION (F-r): I (ro? PjC c~sN&)

WELL STICK-UP (FT): 2 f""-1

TOTAL BORING DEPTH (FT): - I "- I ' - I - - T-

BORING DIAMETER (IN): 7 ' 7 / q Ca

TOTAL DEPTH OF OUTER CASING (FT): 37 ? ~~ i)A~

OUTER CASING MATERIAL: 5 c-- tl E DULZ.. O P

OUTER CASING DIAMETER M): 2 - I NC H

TOTAL DEPTH OF INNER CASING (FT. EXCLUDING SCREEN): I Si/ t - 3D' Q5,9' azo.qi' iL-S io.q'
INNER CASING MATERIAL: -- 4E" JUL6 \O VCG

INNER CASING DIAMETER (IN): -r

TOTAL LENGTH OF WELL SCREEN (FT): IC o7.1' o11' oqj' 0?' o-91

WELL SCREEN MATERIAL: . ,0 PIC3 ,P\_.

WELL SCREEN DIAMETER (FT : I - i NO/-/

SCREEN SLOT SIZE (IN): , C) - B )l IP(

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992
WELL SPECIFICATION FORM



WELL SPECIFICATION FORM (Cont'd)

WELL NUMBER:

BACKFILL MATERIAL AROUND SCREEN: C1 n A AS SANT> (0 -2)

DEPTH RANGE OF BACKFILL (FT): 5 "& L f" TO

SEAL MATERIAL ABOVE SCREEN: V C 11-6o1rc (rtL TL-LiC. 01 Cfl f!5)

DEPTH RANGE OF SEAL (FT): SC6 -AC ~TO____________

BACKFILL MATERIAL AROUND CASING: C-/N 7"('J / "-(

DEPTH RANGE OF BACKFILL (Fr): ,61E 14.-L vi.

DESCRIPTION OF TOP SEAL: 3cry-roNIm-rCO~f5~/16PcpAr,

DESCRIPTION OF WELL COVER: I C - /VC/4 /1F77F,( _r:6L- PkGTCC7-U f

OTHER ADDITIONAL INFORMATION: -Y/T- -- CKZC/L- -XC --. EP 15 L TFi) _-,YI

or /'C7Tvrt -5 NuImf4v,, ctf NtorCt5 f ,'vUEGA-Sc vo(r-f

T-1N& ofr- (\j c(fT _

I-/PLl NS Vl - 2 7 2_ -, I. , - 3 2_ Z3-I _1- - --7
/-ovVP..

oAv ilr.p 32 .3 - - - 2 0 -0 .2 _ 5 - - i .-f 2 - 1 -- z -

-5 .(14 3o 3/

LOUIS BERGER AND ASSOCIATES, INC. JANUARY 1992

WELL SPECIFICATION FORM



WELLNUMBER O.6 3-o

WELL-DE OPMENT " R LOG

Project Name OT5:/0.9. /Xa.EA F'+ \ Project Number Jt---I DZ- "1Z DATE_______

Samper(s)P i o /ii /[ J -'l Date Well Installed

Elapsed Time since grouting IVAg zwj~op Method . _.C ",.

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: , I ft Hole Diameter /0 in
Casing Diameter -7, in

2. Depth to Top of Water __.- _ ft 1. Height of Water ci, .,3 ft

3. Height of Water It
2. Vol/Lin. Ft. of Annulus 4j' C O gal

Casing Diameter: in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing 01 I gal 3. Porosity @ ~Z% x 0,20 % porosity
(see Table 1)

5. One Casing Volume ° gal 4. One Annulus Volume .7-3 gal

ONE TOTAL WELL VOLUME gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons _f /_ 2 7
Time (24 hr) _ __ 2 5 OPO _ _ ,,5
,onductivity (%S/cm) L) OO O(.0 -___.._

ssolved Oxygen (ppm) .. . . . .. . . .
. n (m V ) _- I - I _. '_ _ - I
pH (S.U.) -7 -z.--c C' C -7..- '_ -Cf
Temperature (O i3 _l 13'C I2. _-i"__ _ . t?

Turbidity (NTU) I 4 3 l o_/_ _ _ ,

Photo Taken V Photo No. N/A//
YES NO

Water Level After Development N__A- Sounded Depth After Development N/A 1

Water Level After Purging .33 "0 34 Pbj- 5Cni/ k )

NOTES: _j ci y'k. catleciect G owiZ, ..For uoA anap
HCZ. Frc5> r u-cd

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34
(in) (in) (gal I [in ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30
2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51
3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 - 5.62 0.75
4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46
8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 0l.0 - 0Z

WELL-E)EVELOP-MEN-T g )LOG

Project Name O.Otc , .At " .-L- Project Number 1- IIZ)-4L DATE_______

Sampler(s iAt € /" ' d zyi /fy;..!, Date Well Installed

Elapsed Time since grouting NIABejvele"pnefnt Method c.4dcfek( i2/t)(j9

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: :73 -9, ft Hole Diameter 10 in
Casing Diameter ______ in

2 . D e p th to T o p o f W a te r ' C 1 .. if( ft

1. Height of Water _._Li - ft

3. Height of Water Le .. 7- ft
2. Vol/Lin. Ft. of Annulus 4i- 0 1, gal

Casing Diameter: in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing C - gal 3. Porosity @ -,O% x 0.,, % porosity
(see Table 1)

5. One Casing Volume 2- 5 gal 4. One Annulus Volume ii 5 gal

ONE TOTAL WELL VOLUME it gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons 14, 2 -_____
Time (24 hr) 0 it- (i& ____L_ CL..

Conductivity (US/cm) -- f C "T7-/- - 0 0i< _ __ _

Dissolved Oxygen (ppm) - . ---- _-----

pH (S.U.) b-:9f I -- c3 _1-7- _0_ -7-

Temperature (oE L0.- v iiO q -_/_ 1_ _" I_"

Turbidity (NTU) 7_1 6- .57-$ q5 __

Photo Taken i f fi Photo No. (A ( A
YES NO

Water Level After Development i A () Sounded Depth After Development T\)

Water Level After Purging G100-25 aFtegt _ 4l ekI

NOTES: "k@ac5Ji toZZ [OA Q s -HU lecrazJ I

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 X3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER C 3- 03

WELL4 EL'E (F U'RLOG
Project Name O-') IkE.\ "'. fZ\L/ ProjectNumber - -1H -- I DATE g-3"-iL

Sampler(s).... - Date Well Installed

Elapsed Time since grouting N/A F  -Bevetetlow ltX! Method BIQCp) Q.¢ vcr

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: , . L"O ft Hole Diameter j C) in

Casing Diameter _ in

2. Depth to Top of Water 53'53 ft 1. Height of Water .LL ft(ts' 5 e 4 ; C

3. Height of Water c-'.5- "f. ft 5'o ,xA .
2. Vol/Lin. Ft. of Annulus gal

Casing Diameter: . in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing C 1 gal 3. Porosity @ -Z% x 020 % porosity

(see Table 1)
5. One Casing Volume .f f gal 4. One Annulus Volume ( b gal

ONE TOTAL WELL VOLUME i gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons # .% -iF Ix 3 f -_

Time (24 hr) o"lg wOt- t __Lf

Gonductivity /r) ....

4ale- m H-20 0 9 3c Cfjp ______ c

pH (S.U.) '-o0 ,- "7 -7- ___4 __0 _

Temperature(oC f IS o _ __0_/_" _

Turbidity (NTU) t - . - - 0 _ _-_- ..

Photo Taken Photo No. N p

YES NO

Water Level After Development Sounded Depth After Development

Water Level After Purging .5 4..o G F{\ Sct 111P e).

NOTES: p-o/'. Scrvw& C) //S+ Foe 00A g

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER OB 93 -04-

WELL DEVELOrMENT kViiRGOG

Project Name 0. O I ,E OD A -.- E Project Number .Jt - - DATE _______

Sampler(s) " /Date Well Installed

Elapsed Time since grouting De/.veA i ethod '

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 5 ",UI- ft Hole Diameter L 0 in
Casing Diameter - in

2. DepthtoTopofWater ft 1. Height of Water ,7 ft(5c' , 2-

3. Height of Water C-siq ft ',C*f, C,L Y
2. Vol/Lin. Ft. of Annulus Ct ° ( gal

Casing Diameter: .2 in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing C! - gal 3. Porosity @ ~.-.% x 0. % porosity

(see Table 1)
5. One Casing Volume .l - gal 4. One Annulus Volume /3, gal

ONE TOTAL WELL VOLUME JJ,, gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons __ ___ _S _-_ _---

Time (24 hr) IQ, ,3 i 3.Z-'3 1-f IC AYH__(
Conductivity (M/cm) a ooc- q 00C____

Dissolved Oxygen (ppm) __---- __ _____-_''_-

p)H (S .U .) C- - i<3 t- I ( .S : . (g ' !f "' "

Temperature ('Q _ 1f _ ____1_ ___

Turbidity (NTU) :,.c GkD C,.C*. 2- ,Z3

Photo Taken Photo No. IVIA2
YES NO

Water Level After Development /p Sounded Depth After Development /J 4A

Water Level After Purging 344 ff vlv t)

NOTES: J') -5a. mo(. 0,t le- CL IH dc, UA arcvY 4~L

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.Do I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I fin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in - 6.13 0.82 .,,3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER Q,5 0-

WELLPRVEGE OG

ProjectName O( o> Af jte, Vt ielLcy ProjectNumber_.-- '"D DATE _ 3-97

Sampler(s) A f Date Well Installed A1p?LA q-+

Elapsed Time since grouting B/11 ey lethod _.o, dJePu rv'

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 7.1, qLc ft Hole Diameter r,.) in
Casing Diameter in

2. Depth to Top of Water q ft 
/

1. Height of Water.ioW r. Q\

2. Vol/Lin. Ft. of Annulus -" J gal

Casing Diameter: .- 2 in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing ', j -J- gal 3. Porosity @ -~.% x 0. % porosity

(see Table 1)

5. One Casing Volume gal 4. One Annulus Volume q , gal

ONE TOTAL WELL VOLUME .,0 gal

IPARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons ;- _3 1,'-
Time (24 hr) -i.3 T qC'- p ______

Conductivity (/cm) ___7__"+3 77Ts 7 "7f 0 -f £(-
)issolved Oxygen (ppm) _

014RW____ .:zJ O~- S9. - 2N_____9

pH (S.U.) -- 6 -7- al_ 1 -- C '
Temperature (' 0  1J, I i _

Turbidity (NTU) 1I. =- I7 -;Z 7 ._ _ 7- 1_.___

Photo Taken I L, Photo No. _ _ _ _-_

YES NO

Water Level After Development KI/I A Sounded Depth After Development 12

Water Level After Purging CC' '.'- -Lii'q9

NOTES: (Ied 5, O & P JC'4 qk15 t.- II
re ,,d ' - PiD -C. ) r

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal / lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8- 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELLNUMBER --

WELL DVLCEt IJR OG

Project Name 0 ( i3(t,, D 4/,.cf - lLE7f Project Number '|- - LIP DATE________

Sampler(s) :( , 601C -i j)C- "X ( (O§4A...- Date Well Installed . q "

Elapsed Time since grouti 4  Bevepenrl! ethod /(ps " " tJi Ap -B-fm~ ehdikCIC f, )../Q41?7

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: " . $3 ft Hole Diameter £ in
Casing Diameter in

2. Depth to Top of Water ft- "S f
1. Height of Water I, 7,' ft

3. Height of Water I~'- ft
2. Vol/Lin. Ft. of Annulus 7f 0., gal

Casing Diameter: in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing i, " gal 3. Porosity @ ~X% O.X % porosity
(see Table 1)

5. One Casing Volume 2-3 gal 4. One Annulus Volume ( gal

ONE TOTAL WELL VOLUME I 3 .3 gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons t js-- -IQ _ __ _ _
Time (24 hr) f090 Ooo " 3" c' ____- 1O LI

Conductivity WS/crn) d- I 0 10 ( n

Dissolved Oxygen (ppm) __

pH (S.U.) I I .s.Z 7 • - 7-O0 _-_o__

Temperature (o 15 I E3-
Turbidity (NTU) (3 ,, - .(% q: f - (5- o

Photo Taken I Z/ Photo No. __/_P_ _ _

YES NO

Water Level After Development / Sounded Depth After Development

Water Level After Purging F"t i Cq IA

NOTES: P19- 0-04il 5 Ct0-AA coV_ .ch' (& ldO T1-1 ,0 -ff a, jd.')A

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in! (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51
3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58-1



WELL NUMBER "- 'jT_-,_

WELL-DEVELOPMENT Q LOG

Project Name O z/Oi) @ J.. . V £L-E"i Project Number ' 1' - '12 DATE -5-(
Sampler(s) Well Installed

Elapsed Time since grouting d/1A 'cBeve e ne" nr"' Method P'_\4',.

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: .3 I-q ft Hole Diameter -in
Casing Diameter - i

2. Depth to Top of Water I:5 ' ft

1. Height of Water I, ft Q13 Fi .es *)-

3. Height of Water 2. Vol/Lin. Ft. of Annulus ., gl

Casing Diameter: _ _ in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing J gal 3. Porosity @ -0% x OZ3 % porosity
(see Table 1)

5. One Casing Volume o2. ' gal 4. One Annulus Volume G gal

ONE TOTAL WELL VOLUME J,2. if gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons f53 ,3c

Time (24 hr) EZZZIi 3o306 13 q 57 IS15
Conductivity /cm) " ?0 '

ssolved Oxygen (ppm) _ -

1 5.'- 1_,5 - Ic , t5 .2 i____ ____ ___

ITemperature ('1I / // /___ ___

ITurbidity (NTU) /,0c 1< ) i-f .2 30 ',-f -I __ _ _•_(

Photo Taken Photo No. ___

YES NO I

Water Level After Development 1 Sounded Depth After Development

Water Level After Purging I 5' .,3 ,ff_ 3(o l'c / )

NOTES: (0 U S GY tf 15 FedA i u"5 i/5-14L_ ,oseowed cts c
+o~,- lf v~ P- o., 1 pl.,,hc, 'f. oJvilld 0bol-7-d1-t hme..

I sft 'P10 - " -. 0 44,,,1. '

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2' 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in - 6.13 0.82 .,.3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
1 12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 06Cf -OR

WELL-rEVELI PMENVI~ J LOG

Project Name AOi) ,,- A Pt --L- ' Project Number ._-A- tkMq D DATE _______

Sampler(s) ?-- x s.. LpL /' " Y" ' Date Well Installed ( -,f_-r\

Elapsed Time since grouting Bew " epmerlu Method P)t ,0e-

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: C -',o f3 ft Hole Diameter () in
Casing Diameter in

2. Depth to Top of Water 
j z ft

1. Height of Water - ft
3. Height of Water _____'___ ft

2. Vol/Lin. Ft. of Annulus 
gal

Casing Diameter: in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing . - gal 3. Porosity @ ,D% x 0.'9 % porosity

(see Table 1)
5. One Casing Volume ' o gal 4. One Annulus Volume o oL gal

ONE TOTAL WELL VOLUME o gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
G allons Al"ffi w a f"[

Time (24 hr) -7-':t,5 11 -C,7 /_'1-
Conductivity S/cm) 1- f 0c0c' 3f) (I "7-0  70

Dissolved Oxygen (ppm) _____

pH (S.U.) "-7. C) Lf 2. -i- .., __6____7

Temperature (o' ( 1 4- /6-0 1 16-0 1 /__ _'C

Turbidity (NTU) 13 -5 -? -.5 o I -Lt 1 -Y

Photo Taken I I j Photo No.
YES NO

Water Level After Development IJ A / Sounded Depth After Development ,4
Water Level After Purging /v f4 (." t-)- lo. p 1n "

NOTES: " - e dptble to osarg Ie ue ( 4tte(itq ct5
jJlA k421, l "lfQ& j,,tP J ) 4--Cro it&",,,. C (lec.f D, l_

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER O0){ + - 0

WELL DEV6PMEN_ LOG

Project Name O_4OP A4Z-(J4, J-ALE'1 ProjectNumberj_-O'It. D DATE_______

Sampler(s) "iw 1COO t iOA( (K 4t1. Date Well InstaIled_1TqUV%-,_ q-f

I lv$k BezqDvlpnm 
MtoElapsed Time since grouting Nq IN A" .

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: I i ft Hole Diameter 1' in
Casing Diameter / in

2. Depth to Top of Water 5124 ft
1. Height of Water , t

3. Height of Water 
8, s 16 ft

2. Vol/Lin. Ft. of Annulus -,- j g l

Casing Diameter: I in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing 0- 014 gal 3. Porosity @ -2P% x 0.20 % porosity
(see Table 1)

5. One Casing Volume . °  gal 4. One Annulus Volume - gal

ONE TOTAL WELL VOLUME 2. _ gal

PARAMETER INITIAL -.VGL. -2-V-GL. 3Vft- .4AUX- $VOL. FINAL
Gallons w,- 0.2_- 0-5 O-,7_ _____ 2. 22 - J
Time (24 hr) 0 1 0q 5.2 (0q 5_5 oLt I fi'-i -5 iZos
Conductivity /cm) I (,--- - - IC, q'
Dissolved Oxygen (ppm) elI,' o 0 97',29 i0 -- 't I E7-C 1 0.0q Ato...

pH (S.U.) - t- 6 - 6.
Temperature (OZ 1 5-.. _ - -- - _(_- __

Turbidity (NTU) I 3.e& .- _ - 72-cC

Photo Taken Photo No. N
YES NO

Water Level After Development NIA Sounded Depth After Development

Water Level After Purging I . cL .L n c.4 I

NOTES.: ,;C tn~~fe_ J~[c4~ a in' -cJy(45 Ufpf1,5

wlAS WOS a-clt Cl /:o- 1.cea ,Q,1 a -'-.- I e 4O1 _

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 0 P-"JT -oC( 0  Z.(

WELL EI lME'~jIo

Project Name o8I10D A 'ec0. 0 -'J Project Number 2 t+ ,-' " DATE ________

Sampler(s) ' - - Date Well Installed ..-

Elapsed Time since grouting r/gA ethod ,

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: C -:T30 ft Hole Diameter |c) in
Casing Diameter -in

2. Depth to Top of Water k'(, - 4ft 1. Height of Water ft
3. Height of Water (c" N ft

2. Vol/Lin. Ft. of Annulus 
gal

Casing Diameter: I in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing 0 "QL)j. gal 3. Porosity @ -,iQ% x 020 % porosity

(see Table 1)
5. One Casing Volume . 0 .3 gal 4. One Annulus Volume -" (Z! gal

ONE TOTAL WELL VOLUME f-9 gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons _ _ _ ___ _ __'"

Time (24 hr) M55 o3Z Jf .. ______

Conductivity (S/cm) " - 5 O 1330 t/9-7
Dissolved O)(ygen (ppm) , ,

pH (S.U.) " " 1-, 4 _ _ _ "_ - Li

Temperature (o) ***- lb 6-' _ I (0 .
Turbidity (NTU) ,2.OC ( , o _ _ _ _ _ /C( 1.
Photo Taken Photo No. J /

YES NO

Water Level After Development I Sounded Depth After Development

Water Level After Purging fOO'j 0 teFt A 5 t W-f

NOTES: C)(kle~ C! v'/ 5Q ~ - 'A agz . _1C& Ars"C

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58 _



WELL, NUMBER 9

WELLBEV LOPMEN LOG

Project Name AAiZeei , Ft Project Number. .'- (/z DATE__5'9 __

Sampler(s) Date-Well( . Installed . ,r 9'(

Elapsed Time since grouting 3&ie55opm r kMethod .f5/ / de 5 ct le i.

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: "-" ' ft Hole Diameter 0 in
Casing Diameter -in

2. Depth to Top of W ater ft" o ft 1. Heig ht of Water (0 - Lj ft

3. Height of Water ft 2. Vol/Lin. Ft. of Annulus j-j gal

Casing Diameter: J in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing 0- (3L4. gal 3. Porosity @ -Z)% x 0.Z % porosity
(see Table 1)

5. One Casing Volume C) - 03 gal 4. One Annulus Volume 0 ( C) gal

ONE TOTAL WELL VOLUME C1 - gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons V.___.__
Time (24 hr) f ?SO
Conductivity (,S/cm) ______ __-_--_

Dissolved Oiygen (ppm) _-----

E14n-V) P uT-f1) 1 g __-____

pH (S.U.) " 7_ - _f

Temperature (O) _._
Turbidity (NTU) -____C C

Photo Taken I I I Photo No.
YES NO /

Water Level After Development N(.PO Sounded Depth After Development N//4

Water Level After Purging - - "( , e- $C4. f) , "

NOTES: 41.1e, C ue- A- i--Xoo5( ijp oA .ss d EfS*jjC'AJ
-771P -1 C 0k

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I In ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER O Zoq -t4
WE L R D.-V.'- L O, +T . URN O G

Project Name QO F10_D ,t-ec, -,k Project Number . I DATE -j-.. 'g -

Sampler(s)_D 0.,y. VZf_ CL.,. 1D ,,Vky1 01-g Date Well Installed -S_ O 94 -

Elapsed Time since grouting 3X -e t n. ethod er)i.? C.. -.

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 5- 10 ft Hole Diameter t in
Casing Diameter J in

2. Depth to Top of Water 
SL -C) k ft

1. Height of Water (- 09 ft
3. Height of Water og ft

2. Vol/Lin. Ft. of Annulus .. _ gal

Casing Diameter: I in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing L gal 3. Porosity @ ~00% x 0.7) % porosity

(see Table 1)
5. One Casing Volume O C)L# gal 4. One Annulus Volume C - gal

ONE TOTAL WELL VOLUME 0 93 gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons _ - __

Time (24 hr) ____--___

Conductivity l S/cm) _ 
_ __

Dissolved O)yg (ppm)

pH (S.U.) "-

Temperature ( ___

Turbidity (NTU) 2-_ 3

Photo Taken I Photo No. _ ,j__ _ _ __,_"

YES NO

Water Level After Development Sounded Depth After Development NIA

Water Level After Purging s. vv l( P I

NOTES: of ~le (x fej d G 133.5 - (JG14  4~~

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER O 05 Y - io P

WELL- E'E N GE1 OG

Project Name O f oj) .A - C ,L-y Project Number q-f1- J') DATE________

Sampler(s) - \ - [ ' (W0"Q r, Date Well Installed InlAy q

Elapsed Time since grouting Purge -B eefe 1 ethod (. J,
VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: $.-, ft Hole Diameter I C - in
Casing Diameter -in

" ' "-' """l ft1. Height of Water,_ fti - Sr,. -2. Depth to Top of Water36f t

3. Height of Water 1.0 Height oft,,Waer, S¢,-" .14
2. Vol/Lin. Ft. of Annulus " j gal

Casing Diameter: j in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing 9 gal 3. Porosity @ -M% x 0J0 % porosity
(see Table 1)

5. One Casing Volume , gal 4. One Annulus Volume /-fi gal

ONE TOTAL WELL VOLUME , gal

PARAMETER INITIAL I VOL 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons m w

ime (224 hr) 100.5
Gonductivity ( S/cm) 11 _0 __

issolved Oxy/gen (ppm) -----------

pH (S.U.) ,6j
Temperature (o 4I 0

ITurbidity (NTU) 1] 2c tc

Photo Taken I Photo No. Af t2
YES NO

Water Level After Development Sounded Depth After Development

Water Level After Purging 5"i .4 . Owf ' '

NOTES: &X L we.I~t dry- a~ktej 2~d -5A ; fc~i1,? o-
Yt , -P(L) -S) #A . b6L&* p gmL~~i~ ('.If4~

I U ,

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34
(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30
2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51
3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75
4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46
8' 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12- 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER Oc'(7- _ ..

WELLoG OG

ProjectName 03()J' 4 ,.c F4 -LE) Project Number G- ---L-i P) DATE 9 L._Cf

Sampler(s) "&-AZ-- -. (Il-cl . Date Well Installed

Elapsed Time since grouting - < e h

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: p14, - ft Hole Diameter Lo in

2. Depth to Top of Water 3 , ft Casing Diameter in

1. Height of Water +ft Ft Si"'-

3. Height of Water 2. Vol/Lin. Ft. of Annulus " ...i gal "

Casing Diameter: _ in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing (" t)U gal 3. Porosity @ -g% x 0.". % porosity

(see Table 1)
5. One Casing Volume f gal 4. One Annulus Volume I L gal

ONE TOTAL WELL VOLUME ,2"O gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons __

Time (24 hr) 1 -/
Conductivity S/cm) 11 so
Dissolved Oxygen (ppm)

pH (S.U.)
Temperature (o0 1 _ -, 7_ _

Turbidity (NTU) C-)

Photo Taken Photo No. /_

YES NO

Water Level After Development A) 14 g Sounded Depth After Development _____

Water Level After Purging 3 '7S Fte' S.t. f, ).

NOTES: Uc rtfJfP.\ Xk (jc'q. sfro 11 S pc{piZ -U4 it t5 4-
5 C ,/:LS4 Qe212 LVng 'I/ i t g:n 1 -aA~e5ecrjed,

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

in) ( * in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .. 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 1025 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER -1 o -,

WELL DEVELOPMEN; IOG

Project Name A__. . A- Ft --VZ-y Project Number F4-iL -Li.-D DATE ______

Sampler(s) ' B ' Date Well Installed -- -

Elapsed Time since grouting AJ/fiI -O o r g ethod , -- U

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: It___-_-_ ft Hole Diameter (0 in
-,Casing Diameter /' in

2. Depth to Top of Water 
t (ain ft

1. HeightofWater 2 ft(I1 C 'e..X
3. Height of Water ), QL t  ft 5-,C{v Cric P)

2. Vol/Lin. Ft. of Annulus - 4, t gal

Casing Diameter: I in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing C) ,1f gal 3. Porosity @ -2% x 0.Z) % porosity
(see Table 1)

5. One Casing Volume Q. , gal 4. One Annulus Volume / -. gal

ONE TOTAL WELL VOLUME /4 gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL 5VOL. FINAL
Gallons iz i 0& 1

jTime (24 hr) I/aoG 1(3s IIit _11._

onductivity (W/cm) Z (cc bO 96() _ ___ _

.solved Ox'ygen (ppm) -------.- _------_ _

pH (S.U.) € .( "q :7" .- , ),

Temperature ('10 .. . _C) 15 1 b;_ I __
Turbidity (NTU) ?-OO 0.-700 7>Ar_ _._ _ _ _ _ _,

Photo Taken i Photo No. (UIA(

YES NO

Water Level After Development Sounded Depth After Development N 1

Water Level After Purging 3 - (a F_.4 .qcrl ,

NOTES: (LQr.k C~ cdc C0 ro'< (ICAl.~&csi~/ys~~e
PiP - -_ ,,a"

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27
TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34
(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2' 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3' 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4' 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER - Io17 3)

WELL DEVELOPMENT" ,'F L OG

Project Name Cd~td'__{ Af E_A " L-,y ProjectNumber :?-i 2L ) DATE_______

Sampler(s-)ii , E ,A . /J).(-t-y( hO , Date Well Installed 1 "5my

Elapsed Time since grouting Li ,

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 3Z. L-i 3 ft Hole Diameter / ( in
Casing Diameter in

2. Depth to Top of Water Ift
1- Height of Water _ _ ft(( F" - A

3. Height of Water f 2. Vol/Lin. Ft. of Annulus i-ft / gal

Casing Diameter: ! in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing L04 gal 3. Porosity @ -~Z0% x 020 % porosity
(see Table 1)

5. One Casing Volume 0* Lf gal 4. One Annulus Volume -gal

.ONE TOTAL WELL VOLUME ? gal

PARAMETER INITIAL i VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL FINAL
Gallons _ _ ___

Time (24 hr) 77,,
Conductivity WlS/cm) 1
Dissolved Oxygen (ppm) -
El-*) PTI,' (ff-) 2lg~ _ _ _ _

pH (S.U.) 7-3q I

Temperature (of / 5 _ _ _

Turbidity (NTU) , C _

Photo Taken Photo No. iA~
YES NO

Water Level After Development 1/ Sounded Depth After Development

Water Level After Purging - 5,,j' I

NOTES: Of-~ gcsJvJLY . S,,pe ({ h3 Jz k CLd rsT  (f0?Svrvd
c ~ I l, - t'

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34
(in) (In) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30
2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51
3" 3.50 3.06 0.38 12.25 in _ 6.13 0.82 .*3 5.62 0.75
4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46
8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 02C- ( .. Oz)"

WELL-BEUELOOMENG

Project NameOP f ci) i kt/ (£f. Project Number ::S _. LL D DATE_______

Sampler(s)" . , " Date Well Installed I '1I qq

Elapsed Time since grouting AJf/if -D ut,,en geethod

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: S. Lj - ft Hole Diameter 11C -in

Casing Diameter J in

2.Depth to Top of Water t1. Height of Water C2 ft cf ".,.-

3. Height of Water 17-1.f3 ft S.,.( (.<

2. Vol/Lin. Ft. of Annulus , Jgal

Casing Diameter: ( in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing C)4, gal 3. Porosity @ -20% x 0.'JD % porosity

(see Table 1)
5. One Casing Volume 0-1, gal 4. One Annulus Volume gal

ONE TOTAL WELL VOLUME __3 gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons

Time (24 hr) _ _ __-_-

Conductivity (MiSlcm) i04 0 _

issolved Oxygen (ppm) --------

ipH (S.U.) -4 / U
Temperature (oF) -___
Turbidity (NTU) __ __._ _ __,

Photo Taken Photo No. 16e
YES NO II

Water Level After Development I/f Sounded Depth After Development J4A

Water Level After Purging _50. q, S ( f ,k

NOTES: 5 1- i ouinpl Cfx~A Q 0-t r of cAl aaloIfsl-UJirpreservej~

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER '.Bq -- , _?

WELL 19EVELOPM (PrAENLOG

Project Name (Di/O1[ , -r- ,e Project Number 3t4-\ ,I- DATE 93 7

Samplr~s)Date Well Installed
Sample(s) --i B f2
Elapsed Time since grouti g i'/A J

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 6, ft Hole Diameter (Q in
Casing Diameter ( in

2. Depth to Top of Water 3 , - 1. Height of Water -in ___

3. Height of Water " Jc ft f4L)
2. Vol/Lin. Ft. of Annulus ' g i

Casing Diameter: iin. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing q L. gal 3. Porosity @ -3P% x OO % porosity
(see Table 1)

5. One Casing Volume C; gal 4. One Annulus Volume J gal

ONE TOTAL WELL VOLUME L? gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons Z iZI
Time (24 hr) 1.3 iL-:. I "_
Conductivity (*1S/cm) S.ci __-_,. ___/00_) _____

Dissolved Oxygen (ppm) -.-- _-____

pH (S.U.) -,. " j 9-3L; ___ f
Temperature (OF) , , -£2.-. -./- _ __-_/-_-_

Turbidity (NTU) ,=.Zo -- . " , -_..2-__ _

Photo Taken I I u"I Photo No. d
YES NO

Water Level After Development Sounded Depth After Development 1 /,

Water Level After Purging _J , 5 F cF- 5,vot(Ri)_

NOTES: PPf-1 c &6lochleY irt Q f3a5 i4- )Ac(

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27
TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3
DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal l lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54
1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51
3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75
4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46
8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 0.q -I ?

WELL DEVELePMENT O OG

Project Name O i;OQD A'Q. ce Project Number DATE-z--

Sampler(s)?' cX )A... '.,.i , Date Well Installed :5,, 97
-1-irx Be BvlmL94=__1toElapsed Time since grouting r4(Ats eethod L_ .-

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 5 3- o ft Hole Diameter I C) in
Casing Diameter ( in

2. Depth to Top of Water / 6. ft
1. Height of Water Z. ft3. Height of Water L,2 13 ft

2. Vol/Lin. Ft. of Annulus gal

Casing Diameter: I in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing ( "Y' gal 3. Porosity @ -3D% x 0.0 % porosity
(see Table 1)

5. One Casing Volume -
°  gal 4. One Annulus Volume o gal

ONE TOTAL WELL VOLUME 2, I gal

PARAMETER INITIAL 1 VOL 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Ga lions ____. ____ ____ ________

Time (24 hr) ,5c. _____ __________ ____

Conductivity (tjS/cm) "-, _ _

Dissolved Oxygen (ppm) ._
9"M4V) VT'V4 55 3?A 1  ___ ______

pH (S.U.) _ _- _ ___

Temperature (OF-) __--

Turbidity (NTU) _,,,__ _

Photo Taken Il l ii' I Photo No. N (A

YES NO

Water Level After Development AJY- ' Sounded Depth After Development

Water Level After Purging ., ' ftc- ,. ifq m

NOTES: ClfeoUx 1  Sal -' 634 ~ -rve L/o4 qtatW;S'i5

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal / lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 91 jc P- 1)

WELL DEVELOPMENT I PURGE LOG

Project Name O_/CP P &E,\ F- 'e.... ProjectNumber_. (rLti,. DATE 9 L-q -

Sampler(s) . -; . , Date Well Installed - Cf

Elapsed Time since grouting -BeVet/ op nJ!E gMethod -. ~ _ 4t4,4b.

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 4--/-6 ,ft Hole Diameter 10 in
Casing Diameter -in

2. Depth to Top of Water 1- ft 1. Height of Water 2.- ft
3. Height of Water 7-12 . ft

2. Vol/Lin. Ft. of Annulus o/'- I gal

Casing Diameter: t in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing ( • 0£f gal 3. Porosity @ -A0% x 0-. % porosity

(see Table 1)
5. One Casing Volume ', gal 4. One Annulus Volume /- (. gal

ONE TOTAL WELL VOLUME / q gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons _________ ,, 2- : . 1-4 L

Time (24 hr) (1I5.3 15C j ___ __5 _ _'s..

Conductivity (tS/cm) I aZ-0 , 3C 3 C __D_

Dissolved Oxygen (ppm) .- - -

pH (S.U.) (.73 -1_-_,_/5._

Temperature (O1 ' 1 1.7- 3

Turbidity (NTU) 7 2,,, c 1 - 1 C' _ 7 C, C-)

Photo Taken Photo No. ,_ _ _i_

YES NO

Water Level After Development A4./A.. Sounded Depth After Development 1J,_'A_(_

Water Level After Purging G .55 / ,e .& 9¢a11)

NOTES: ?- D -C 50 M 2 te. Q- /530

! -l. p...' 4u.fk. I' h' /

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal / lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 0 4 -,-T7)

WELL -VELrMENTf UR LOG

Project Name aq4/D A",eG { Ct " Project Number ' - 1( 2-(4 DATE -- i-7-

Sampler(s)D- rx - . obkIJ4( M nOg-.Vx Date Well Installed - 7-

Elapsed Time since grouting urg Dethod .

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 3 L ft Hole Diameter ( in
Casing Diameter I in

2. Depth to Top of Water ,2-ZZ ft

1. Height of Water Z_ ft

3. Height of Water ft
2. Vol/Lin. Ft. of Annulus -- - ( gal

Casing Diameter: I in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing -C! gal 3. Porosity @ --aD% x 0Z0 % porosity
(see Table 1)

5. One Casing Volume * I L gal 4. One Annulus Volume /" (, gal

ONE TOTAL WELL VOLUME . :5 gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons e_________-____
Time (24 hr) 01_ q__
Conductivity S/cm) 6 O-C
Dissolved Oxygen (ppm) _

pH (S.U.) 7-_ _3-3

Temperature (0g) / ,.
Turbidity (NTU) "f _

Photo Taken Photo No. AJ f
YES NO

Water Level After Development Sounded Depth After Development (Y/Ay

Water Level After Purging ( h ir )

NOTES: /545 0c (M(L. ee -6 4 e"ru4

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal / lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30
2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51
3" 3.50 3.06 0.38 12.25 in 6.13 0.82 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8' 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 108.- 1. z

WELL VE1ZOPMENT lq 5) OG

Project Name'DJoDc Re zc,_ , p. Project Number Jf-(- 1I/2J.-f J) DATE _-_-___

Sampler(s) --,_(-Xr,_ "- y M r - Date Well Installed -

Elapsed Time since grouting N/Ar -M ethod /

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: _3 .3 ft Hole Diameter / " in
Casing Diameter /' in

2. Depth to Top of Water 
28 -,5 ft

1. Height of Water 2 _. -4 -a ft3. Heig ht of Water AI." ) ft

2. Vol/Lin. Ft. of Annulus ,. , gal

Casing Diameter: / in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing -°0 1 gal 3. Porosity @ ,_Q% x 0,Z % porosity

(see Table 1)
5. One Casing Volume 0 • . gal 4. One Annulus Volume / gal

ONE TOTAL WELL VOLUME / , gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons
Time (24 hr) _________

Conductivity %S/cm) 2.L2C

Dissolved O)ygen (ppm) .------

pH (S.U.) ____ __ _-___

Temperature (°) _ _,_ _ _ _ __,_ _

Turbidity (NTU) 7.,O __

Photo Taken II Photo No. _ _ _ _ _ _

YES 'NO

Water Level After Development NI! p Sounded Depth After Development A

Water Level After Purging 3.z. ,-74 - AL.r --.L. .-

NOTES: plev~ds dry c4te4 0-25'r 15 6 Cfted~ 5cupl 0 /Q- 1130
l 1r.Uo, I L-if as; ungre. ,,ruec f, "-U

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I in ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 0-6 7 -13 Pa

-WELL-OEL3PMEWT q/=G)LOG

Project NameO3.. c_ A zP R -1 --.L_F± Project NumberK3t- I(A H ' DATE________

Sampler(s)2 ' V., ' - Date Well Installed ' "7

- ,V e -- Zve1nn Method ./Elapsed Time since grouting /oveMtd efW"&4

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: , 33 ft Hole Diameter _ _ in
Casing Diameter / in

2. Depth to Top of Water 15. §,2 ft 1. Height of Water _______ ft

3. Height of Water 
3 H I ft.

2. Vol/Lin. Ft. of Annulus - gal

Casing Diameter: / in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing -O G-f gal 3. Porosity @ -) % x 0.. % porosity
(see Table 1)

5. One Casing Volume 0 "5 gal 4. One Annulus Volume , gal

ONE TOTAL WELL VOLUME " gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons 22MQ;

Time (24 hr) I O_-I_-- 10 Lt1

Conductivity (9S/cm) 750 3--s"-)
issolved Oxygen (ppm) _

.A4(W4 DT-v]' ft IS[ F0__ I_ _ /5-5,Z__IpH (S.U.) '4I5 ,1 1 :'Z7 -__ _

Temperature (o2 _ -, _1 2o "_

Turbidity (NTU) 1 ___.___ C0

Photo Taken 1 177 IPhoto No. 7'J JA
YES NO /

Water Level After Development Sounded Depth After Development f~ f
Water Level After Purging mf " '-. ,

NOTES: fieu ie., qi.S dry' 5 . Z 9 c 01 ('tK,- iikrl, C Iio u'
qm~t (i6 r -Un r-.5 e-f, 1 -/1-0 - I t-fy 't .'Ci , M - P

daual,,, t [A k,. L- I.eA Ofi i:' - rz 2L_ !C I -(Li5 040- o P _.foSoq

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in - 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71
12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER 0 -- 113 PP(Z

WELL s ,ivEL-6PME-T U LOG

ProjectNameO.)/O,) AvteA F t Project Number::NV Q- L- DATE -_______

Sampler(s)3)PAI*- v-4A'S. Date Well Installed

Elapsed Time since grouting Ag -ev fc"kPurge'flethod

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: 42 - LfC, ft Hole Diameter in
Casing Diameter -in

2. Depth to Top of Water 32 1Heg, ftof Water -. , &-
1. Height of Water

3. Height of Water "13 ft (
2. Vol/Lin. Ft. of Annulus _, ___- _ gal "

Casing Diameter: in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing C, 3 i- gal 3. Porosity @ -X% x OX % porosity

(see Table 1)
5. One Casing Volume 'ft  gal 4. One Annulus Volume g gal

ONE TOTAL WELL VOLUME 2 gal

PARAMETER INITIAL I VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

G a l l o n s W o, , t - T

Time (24 hr) 1l&5011 I1 _____ C I__._.I

Conductivity (P5/cm) , Iicc _ _ __,-

Dissolved Oxygen (ppm) -. .

pH(S.U.) - ,3 -t " 7I -fLi 7_o _'II

Temperature (C) ,z 1 .. , i," _ _"_ I I II
Turbidity (NTU) 7LGC T,- C _ _ __ __ ____ 

"

Photo Taken Photo No. WA
YES NO

Water Level After Development N Sounded Depth After Development

Water Level After Purging 15r- 4 it ' )r-k( ^A)

NOTES: Co (IzQ-! , 5r. e. -froml 06q7 -13et6) (F /Z9 -FCC GA( Q".t S~i

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 .0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .* 3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER O i -4- 13 'FZ-3)

WELL DEVELOPMENT I PURGE LOG

ProjectNameO~ jO- AE.ec. , -. of:)UL_ ProjectNumber 3--'- il.L J) DATE -3--- 7"

Samlers) At k O~A~ C~J.\f ~Date Well Installed q T

Elapsed Time since grouting .Beve -Be efethod ge, etho- _

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: ft Hole Diameter IC) in
Casing Diameter f in

2. Depth to Top of W ater I 1. H eI ft 1. Height of Water ")._.- ft
3. Height of Water 3" • t-/,5 ft

2. Vol/Lin. Ft. of Annulus ,f gal

Casing Diameter: i in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing -. ) L gal 3. Porosity @ -, 2D% x 0. X % porosity
(see Table 1)

5. One Casing Volume • -f gal 4. One Annulus Volume t gal

.ONE TOTAL WELL VOLUME I- gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons _____ __ _ ,A
Time (24 hr) I15.9 ( 2 O
Conductivity /cm) o? _ ___ __-_

ssolved Oxygen (ppm) _

-J(,-' bThJ .Ft A((= _IpH (S.U.) _ _ __ _ .__ _ ,__ .___

Temperature (of I _ __ _ __"

Turbidity (NTU) ",,( c. _",__ __

Photo Taken Photo No. _ __I_

YES NO

Water Level After Development N Sounded Depth After Development _ J____

Water Level After Purging aIk SakcL'&.A , 1,

NOTES: GO fled ,'wde. Q hZ.¢ R F 104 ./o I , YIS - C eCU.eC,

VA-ffj We(?Af CJr-y CA F&A

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.
7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER o. q - I3 ?.

WELLDEVELOPMENT/L0G

ProjectName .c -t h1-\_.ty Project Number k-- ).-t I"' DATE _--

Sampler(s) D ,- & Date Well Installed

Elapsed Time since grouting /A4 BevelepnerT A Purge Method

VOLUME OF CASING VOLUME OF ANNULUS

1. Depth of Well: i t-t. 7-C ft Hole Diameter j -in

Casing Diameter I in

2. Depth to Top of Water I 'j. ( ft
1. Height of Water cp" S ft

3. Height of Water ( ... I ft
2. Vol/Lin. Ft. of Annulus -* gal

Casing Diameter: $ in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing . Lt- gal 3. Porosity @ -,,0% x 00 % porosity

(see Table 1)
5. One Casing Volume ( Q 01 gal 4. One Annulus Volume _9_ 48gal

.ONE TOTAL WELL VOLUME . gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL

Gallons _____.__-_ ___ _

Time (24 hr) _ _________

Conductivity MS/cm) - 0
Dissolved Oxygen (ppm) °_

pH (S.U.) _ _ _ _-_-o___ _

Temperature (oE) _ _ _ _

Turbidity (NTU) _,-__.__r__,

Photo Taken Photo No. A4
YES NO

Water Level After Development .'A d3. ,. Sounded Depth After Development

Water Level After Purging I0 1F V\,Fi/,  S(A.y

NOTES: c~ftxp LC .1, P0e doi cAS( 1 1..vLA SQ
rQ- (.4'Q CI -, 17ot -- , ,F

4L._1 1 (_ %e'

TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot

Diameter Gal. Cu.Ft. Diameter Gal. Cu.Ft.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26

7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal I lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2" 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in 6.13 0.82 .*3 5.62 0.75

4" 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26

6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8" 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12" 12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



WELL NUMBER __ t -

WELLS OEtOPGMEN1 1G LOG

Project Name C) /CoJ F f { Pt 9-%LE:V Project NumberT"S-N- I IQL4 L DATE_______

Sampler(s) p"-' W trF_ tqEf--- z-- I cL& Date Well Installed N(Ap

Elapsed Time since grouting DevelopmentjM Method

VOLUME OF CASING N4 A o~ VOLUME OF ANNULUS t ryI. -..4J 0, PIA

1. Depth of Well: ft Hole Diameter in
Casing Diameter in

2. Depth to Top of Water ft
1. Height of Water ft

3. Height of Water ft
2. Vol/Lin. Ft. of Annulus gal

Casing Diameter: in. between casing & hole
(see Table 2)

4. Vol/Lin Ft. of Casing gal 3. Porosity @ -30% x 0.30 % porosity
(see Table 1)

5. One Casing Volume gal 4. One Annulus Volume gal

ONE TOTAL WELL VOLUME gal

PARAMETER INITIAL 1 VOL. 2 VOL. 3 VOL. 4 VOL. 5VOL. FINAL
Gallons _______ _-_C_',

Time (24 hr) 13 '__
Conductivity 01S/cm) 3&c_
Dissolved O~ygen (ppm)
&t*R) D-r : Ft) (L.~ -_ _ -Z5_

pH (S.U.) _-05

Temperature (OC IS. ,sa
Turbidity (NTU) 6 ._3___

Photo Taken Photo No. N/Ar
YES "NO

Water Level After Development lr! ' Sounded Depth After Development ____

Water Level After Purging~ IA
NOTES: (hrP$ 5~w .C,\ k A A L3 otC) fQ /CA C (rV.5 - HCL

C611.9c--j t~i k bictK < ? 13'.1'cV
TABLE 2. Volume of Open Borehole and Annulus between Casing and Hole

Hole Volume per Linear Foot Casing Volume per Linear Foot
Diameter Gal. Cu.Ft. Diameter Gal. CuFt.

7.25 in 2.14 0.29 1.25 2.03 0.27

TABLE 1. Volume of Schedule 40 PVC Pipe 7.25 in 2.14 0.29 2 1.91 0.26
7.75 in 2.45 0.33 2 2.22 0.3

DIAMETER O.D. I.D. Volume 8.25 in 2.78 0.37 2 2.55 0.34

(in) (in) (gal / lin ft.) 10.25 in 4.29 0.57 2 4.06 0.54

1.25" 1.66 1.38 0.08 8.25 in 2.78 0.37 3 2.28 0.30

2' 2.37 2.06 0.17 10.25 in 4.29 0.57 3 3.79 0.51

3" 3.50 3.06 0.38 12.25 in - 6.13 0.82 ..3 5.62 0.75

4- 4.50 4.02 0.66 8.25 in 2.78 0.37 4 1.95 0.26
6" 6.62 6.06 1.50 10.25 in 4.29 0.57 4 3.46 0.46

8. 8.62 7.98 2.60 12.25 in 6.13 0.82 4 5.30 0.71

12.75 11.93 5.81 12.25 in 6.13 0.82 6 4.33 0.58



FPHD-97-14 (Former Dug Well)



Proj ect Ft '' 4e 94~),'fWell Number F7 7-S-I'(

Boring Number D F/ b A d'.- Date Installed 12 2

+

Top of Protective Pipe

Ground Surface

- 1 (see reverse side)

--2 (see reverse side)

S- U. Depth of Protective pipe
Below Ground Surface

T4. )vo1l z -< O/,L rz. 4? OF
NOTE: Installation details
should be denoted on reverse
side of form. 'rS . o i

*Not to Scale

Grout Mix

-Top of Bentonite
000 Seal

-Top of Filter
.' . ..... Pack

-Top of Screen

f I --Bottom of Screen

............ -Bottom of Well
III 4-7



COMMENTS ON MONITORING WELL INSTALLATION

Diameter and type of well pipe 2 R '(-

Schedule of well pipe qo Screen slot size e>/O

Measurements:

Length of riser pipe 14.05

Length of Screen _ 0

Length of end blank , '

Total length of well installation 2,

Bottom depth of well '2o £4,?

Length of riser pipe stickup above ground surface 2'

Centralizers:

Total number of centralizers _ o__

Depth(s) of centralizer(s) below ground surface-

Protective Pipe:

Size and type of protective pipe / 3

Number of weep holes drilled in protective pipe

Well Pad:

Dimensions of well pad Y )e3

Number and size of protective posts around well .0 3"

Filter Pack:

Type and grain size of filter pack material /2/Q a /6. - /i'.
LCAiy P~o .R / 4,.. /eo 1 1. // "

Grout Mix(es):

Type of grout mix(es) and locations used in the well installation

Amount and type of grout materials used for each mix

Portland

Bentonite (specify type)

water

1. Material used to fill annular space between borehole and protective pipe

2. Material used to fill void between protective pipe and well riser pipe



LP-IeA 4?13
I

* O/~/I$ 4 D-El7, .P26-

•.. * . '&~ DA.rDt,,

-I -t('HELL I?' yr'4S

~I

" - -- --- --- - --- i ,a

,._: -' - - - - -

-I

0



4.46
et4 JOT

o yt a -7P 7 fc

-rl 6- r--t -5 ev 17-77-' ~

4;e~~-. F-ro

SANDP

SO_ _ _ orr.1
12.1;10



c7c c?-,G),

LINCrom Se 1O



APPENDIX B

Unexploded Ordnance (UXO) Report



Final Report for Ft. Riley, Kansas

First Mobilization
UXB Team completed mobilization to Ft Riley on March 16, 1997 to start on the 17th. A

group meeting was held at the USACE office Monday morning and then we departed for

the EOD Range (Range 16) to conduct a UXO clearance for personnel and equipment

entry. On March 19, 1997 the UXO clearance was completed for present and equipment

and personnel started arriving. Escort duties started and we also provided assistance to

the client when and where needed to assist in tasks completion. Split shifts were

originally discussed to keep hours down, but, would not have worked due to the many

people on site with different places to be escorted. We located a spring on the site and

notified the client of such, then dug a sump in it to assist in sampling. A dug well was

also located in an old homestead site within the range. This also required sampling.

Layne Western had 2 drill rigs on site most of the time to escort. EOD had a accidental

range fire on march 14, 1997 and then on the 17th the fire department burned off

additional area to ease in the UXO clearance. The burning of the range made the UXO

clearance and also the escorting of personnel and equipment into the well site much

easier. March 29, the last well was installed, then the decon of equipment started along

with site clean up. Clean up and equipment removal was completed on March 30. March

31 was a stand by day as well logging was scheduled but the client had the equipment

returned to rental company so the task was delayed. Equipment from the Funston

Landfill area was shipped out, vehicle cleaned and all reports caught up to date.

LIST OF TASKS COMPLETED
Well Installation - escort and assistance 4 wells

Well Development - escort and assistance 4 wells

Well Logging - escort and assistance 4 wells

Road ways - cleared all permanent

Path ways & work areas for wells cleared 4 wells

Staging area cleared 2 sites
Escort to Spring location Numerous
Escort to sample spring 1

Escort to dug well Numerous
Escort to sample dug well 1
Escort of survey crew 2 days
Mapped location of wells, spring & dug well 1 day

Army EOD assistance required to detonate UXOs 2

Second Mobilization
Arrived on April 15, 1997. On April 16 we cleared and hand augered 2 soil samples in

the Funston Landfill area, then went to the OBOD and cleared and installed 6 passive soil

gas tubes around wells 7 and 5. No ordnance item encountered.

Third Mobilization



Arrived on May 31,1997. Met with Louis Berger & Associates on site manager at their
office at 9AM, June 1, 1997 to go over the planned activities during this mobilization.
Went to the EOD range to conduct a walk of the area to show us the projected locations
of the wells to be installed and the areas requiring clearance. Exact locations could not be
set until the USACE representative picks them on the 2nd. Started ordnance operations
after the meeting. Had to rent a brush cutting machine to clear weeds and brush to
facilitate ordnance clearance and safety. Well locations surveyed in for exact location.
Started Drilling operations on June 3, 1997. Clearance operations continued along with
escort duties and brush cutting. June 12 and 13, 1997, operations shut down due to range

going hot and no one allowed in area, on standby. June 14 operations resumed after we
provided a surface clearance of all roadways and pathways. 5 piezometer wells installed
with pads and bumper posts. Escorted survey crew to provide the exact location and
altitude for all wells(13), sample locations, springs, well logging and dug well. Assisted
the drill crew and client in marking of all wells along with the installation of pads and
bumper posts. June 19, 1997 team of 12 regulators were on site and escorted to several
locations. All operations were completed on the morning of June 20, 1997 including
demobilization of equipment and personnel.

LIST OF TASKS COMPLETED
Piezometer wells installed - escort and assistance 5
Well development - escort and assistance 2
Well logging - escort and assistance 6
Roadways cleared - all permanent 2 occasions
Pathways & work areas for all wells cleared 13
Pathways to sample areas cleared 9
Staging areas cleared 2 sites
Escort of survey crew 2 days
Escort to conduct water levels or sample everyday
Escort of regulators 1 day

During all mobilizations numerous expended UXO items were removed from work areas.
83 UXO items (live or suspected to be live) were removed from work areas and access
routes, 2 of these UXO items had to be detonated in place by the base EOD Team. 33
ounces of bulk propellant was recovered. All UXO items or material was staged near the
blow hole for Army EOD action. The Army EOD Team was notified of the UXO items

being staged near their blow hole for later disposal by them.

Robert L. Diekmann
Senior UXO Supervisor



LIST OF LIVE UXO ITEMS LOCATED DURING SITE CLEARING OPERATIONS
DATE ITEM ACTION COMMENTS QUANITY TOTALS

3-17-97 75MM Projectile EOD Disposed of Detonated in place by EOD 1 1

50 Cal. Round Removed Stockpiled for later disposal by EOD 1 2

30-06 Round Removed Stockpiled for later disposal by EOD 1 3

3-18-97 38 Cal. Round Removed Stockpiled for later disposal by EOD 1 4

20MM TPT Projec Removed Stockpiled for later disposal by EOD 5 9

40MM Practice Round EOD Disposed of Detonated in place by EOD 1 10

105MM Smoke Cannister Removed Stockpiled for later disposal by EOD 1 11

2.36 Rocket Warhead Removed Stockpiled for later disposal by EOD 1 12

30MM Practice Round Removed Stockpiled for later disposal by EOD 1 13

20MM Round Removed Stockpiled for later disposal by EOD 2 15

3-19-97 20MM Round Removed Stockpiled for later disposal by EOD 1 16

20MM TPT Projec Removed Stockpiled for later disposal by EOD 1 17

Bulk Propellent Removed Stockpiled for later disposal by EOD 8 oz. 8 oz.

3-20-97 Bulk Propellent Removed Stockpiled for later disposal by EOD 2 oz. 10 oz.

3-21-97 40MM Round EOD Disposed of Detonated in place by EOD 1 18

75MM Projectile EOD Disposed of Detonated in place by EOD 1 19

2.36 Rocket Warhead Removed Stockpiled for later disposal by EOD 1 20

20MM TPT Projec Removed Stockpiled for later disposal by EOD 1 21

7.62 Round Removed Stockpiled for later disposal by EOD 2 23

3-22-97 5.56 Round Removed Stockpiled for later disposal by EOD 1 24

3-23-97 7.62 Round Removed Stockpiled for later disposal by EOD 1 25

20MM TPT Projec Removed Stockpiled for later disposal by EOD 1 26

Bulk Propellent Removed Stockpiled for later disposal by EOD 5 oz. 15 oz.

3-24-97 20MM Round Removed Stockpiled for later disposal by EOD 1 27

20MM TPT Projec Removed Stockpiled for later disposal by EOD 1 28

38 Auto Round Removed Stockpiled for later disposal by EOD 1 29

3-25-97 50 Cal. Round Removed Stockpiled for later disposal by EOD 1 30

20MM TPT Projec Removed Stockpiled for later disposal by EOD 1 31

5.56 Round Removed Stockpiled for later disposal by EOD 1 32

Bulk Propellent Removed Stockpiled for later disposal by EOD 1 oz. 16 oz.

3-26-97 M120 Bomb Fuze Removed Stockpiled for later disposal by EOD 1 33

' Bulk Propellent Removed Stockpiled for later disposal by EOD 7 oz. 23 oz.

3-27-97 20MM TPT Projec Removed Stockpiled for later disposal by EOD 1 34

Bulk Propellent Removed Stockpiled for later disposal by EOD 2 oz. 25 oz.

all days Expended UXO Items Removed Stockpiled for later disposal/action by EOD Numerous

TOTALS Bulk Propellent Stockpiled for later disposal by EOD 25 oz.
UXO Items Stockpiled for EOD Disposal/Disposed of already 34

6-1-97 20MM Projectile Removed Stockpiled for later disposal by EOD 11 11



20MM Round Removed Stockpiled for later disposal by EOD 1 12

30MM Round Removed Stockpiled for later disposal by EOD 6 18

30MM Projectile Removed Stockpiled for later disposal by EOD 1 19

Mv1 17 Booby Trap Simulator Removed Stockpiled for later disposal by EOD 1 20

Booby Trap Firing Device Removed Stockpiled for later disposal by EOD 1 21

6-3-97 50 Cal. Round Removed Stockpiled for later disposal by EOD 2 23

50 Cal. Blank Round Removed Stockpiled for later disposal by EOD 1 24

20MM Projectile Removed Stockpiled for later disposal by EOD 1 25

38 Special Round Removed Stockpiled for later disposal by EOD 1 26

38 Auto Round Removed Stockpiled for later disposal by EOD 1 27

2.36 Rocket Warhead Removed Stockpiled for later disposal by EOD 1 28

6-5-97 20MM Projectile Removed Stockpiled for later disposal by EOD 4 32

6-6-97 25MM Projectile Removed Stockpiled for later disposal by EOD 1 33

6-7-97 25MM Projectile Removed Stockpiled for later disposal by EOD 1 34

6-9-97 20MM Projectile Removed Stockpiled for later disposal by EOD 1 35

6-10-97 50 Cal. Blank Round Removed Stockpiled for later disposal by EOD 1 36

6-14-97 50 Cal. Blank Round Removed Stockpiled for later disposal by EOD 1 37

20MM Projectile Removed Stockpiled for later disposal by EOD 8 45

30MM Projectile Removed Stockpiled for later disposal by EOD 1 46

Bulk Propellent Removed Stockpiled for later disposal by EOD 4oz. 4 oz.

6-15-97 20MM Projectile Removed Stockpiled for later disposal by EOD 1 47

6-18-97 20MM Projectile Removed Stockpiled for later disposal by EOD 2 49

Bulk Propellent Removed Stockpiled for later disposal by EOD 4oz. 8 oz.

all days Expended UXO items Removed Stockpiled for later disposal/action by EOD Numerous

This MOB Bulk Propellent Stockpiled for later disposal by EOD 8 oz.

Totals UXO Items Stockpiled for later disposal by EOD 49

Totals For Bulk Propellent Stockpiled for later disposal by EOD 33 oz.
Project UXO Items Stockpiled for EOD Disposal/Disposed of already 83
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Passive Soil Gas Survey Analytical Report
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GORE-SORBER m Screening Survey
Final Report

REPORT DATE: May 13, 1997 AUTHOR: RFF

SITE INFORMATION

Site Reference: Firing Range, Kansas
Customer Purchase Order Number: Verbal
Gore Production Order Number: 072808 Gore Site Code: AAH

FIELD PROCEDURES

# Modules shipped: 7
Installation Date(s): April 16, 1997 # Modules Installed: 6
Field work performed by: Louis Berger and Associates, Inc.

Retrieval date(s): May 8, 1997 -Exposure Time: 22 [days]
# Modules Retrieved: 6 # Trip Blanks Returned: 1
# Modules Lost in Field: 0 # Unused Modules Returned: 0

Date/Time Received by Gore: May 9, 1997, 12:40 PM By: TS
Recorded Cooler/Water Temperature Control Blank temperature: 20.6 [°C]
Chain of Custody Form attached: /
Chain of Custody discrepancies: The installation/retrieval form was not included with the
chain of custody.
Comments: The temperature of the water control blank exceeded the generally-accepted level
for shipment of environmental samples (2.0 ± 4.0' C.)

FORM I I R3
Rev 10/25196
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GORE-SORBER" Screening Survey
Final Report

ANALYTICAL PROCEDURES

W.L. Gore & Associates' Screening Module Laboratory operates under the guidelines of its Quality

Assurance Manual, Operating Procedures and Methods. The quality assurance program is consistent

with Good Laboratory Practices (GLP) and ISO Guide 25, "General Requirements for the Competence

of Calibration and Testing Laboratories", third edition, 1990. The Laboratory is audited regularly by a

quality system design, development and auditing company.

Instrumentation consists of Hewlett-Packard 5890 gas chromatographs and 5971 mass selective

detectors, as well as Perkin-Elmer ATh 400 automated thermal desorption units. Sample preparation

simply involves cutting the tip off the bottom of the sample module and transferring one or more

exposed sorbent containers (sorbers, each containing 40mg of a suitable granular adsorbent) to a thermal

desorption tube for analysis. Sorbers remain clean and protected from dirt, soil, and ground water by

the insertion/retrieval cord, and require no further sample preparation.

Screening Method Quality Assurance:

Before each run sequence, two instrument blanks, a sorber containing 5gg BFB (Bromofluorobenzene),

and a method blank are analyzed. The BFB mass spectra must meet the criteria set forth in our methods

before samples can be analyzed. A sorber containing BFB is also analyzed after every 30 samples

and/or trip blanks,.as is a method blank. Standards containing the selected target compounds at three

calibration levels of 5, 20, and 50 ig are analyzed at the beginning of each run. The criterion for each

target compound is less than 35% RSD (relative standard deviation). If this criterion is not met for any

target compound, the analyst has the option of generating second- or third-order standard curves, as

appropriate. A second-source reference standard, at a level of 204g per target compound, is analyzed

after every ten samples and/or trip blanks, and at the end of the run sequence. Positive identification of

target compounds is determined by the presence of the target ion and at least two secondary ions,

retention time versus reference standard, and the analyst's judgment.

NOTE: All data have been archived. Any replicate sorbers not used in the initial analysis will be discarded
fifteen (15) days from the date of analysis.

Laboratory analysis: thermal desorption, gas chromatography, mass selective detection

Quality Assurance Level: 2 (ANA-4/AL)

Instrument ID: # 3 Chemist: JW Data Subdirectory: 072808

Compounds/mixtures requested: Gore Standard VOC/SVOC Compound List (A3)

Deviations from Standard Method: None

Comments: Soil vapor analytes and abbreviations are tabulated in the Data Table Key (page 5).

FORM 11R.3
Rev 10/25/96
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GORE-SORBER"m Screening Survey
Final Report

DATA TABULATION

# CONTOUR MAPS ENCLOSED: No maps were generated from this data

NOTE: All data values presented in Appendix A represent masses of compound(s) desorbed from the GORE-SORBER
Screening Modules received and analyzed by WL. Gore, as identified in the Chain of Custody (Appendix A). The
measurement traceability and instrument performance are reproducible and accurate for the measurement process
documented. Semi-quantitation of the compound mass is based on either a single-level (QA Level 1) or three-level (QA
Level 2) standard calibration.

Comments:

* Stacked total ion chromatograms (TIC's) are included in Appendix A. The last three digits
of each module number are incorporated into the TIC identification (e.g.: AAH503TC.D
represents module #136503).

* Low levels of target analytes (particularly PCE) were detected in most of the modules with
the exception of module location 136504.

GORE-SORBER is a registered trademark of W. L. Gore & Associates. Inc.

FORM I1 R.3
Rev 10/25/96
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GORE-SORBER"m Screening Survey
Final Report

KEY TO DATA TABLE
Firing Range, Kansas

UNITS
Pag micrograms (per sorber), reported for compounds for which we

run external standards.
MDL method detection limit

ANALYTES
tI2DCE trans-1,2-dichloroethene
1 IDCA 1,1-dichloroethane
c 12DCE cis- 1,2-dichloroethene
I I ITCA 1,1,1-trichloroethane
12DCA 1,2-dichloroethane
TCE trichloroethene
PCE tetrachloroethene

BLANKS
TBn unexposed trip blanks, which traveled with the exposed modules

FORM 11 I3
Rev 10/25/96
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GORE-SORBER ® Screening Survey Chain of Custody

For W.L. Gore & Associates use only

Production Order _7 "1_-- _ _

- -  W. L. Gore & Associates, Inc., Environmental Products Group
101 Lewisville Road * Elkton. Maryland 21921 * Tel: (410) 392-3300 * Fax (410) 996-3325

Instructions: Customer must complete ALL shaded cells

Customer Name: Lc L, 1 s e,2-,; .4,4 -c c '- Site Name: F,,-(,,C- ?,-

Address: , S R% 8 .; , o T Site Address:

Project Manager: D,-i G.,a , '

Phone: 9 8 -5 Customer Project No.:

FAX: q b, 33 1 8 5 Customer P.O. #: ,. Quote #:

Serial # of Modules Shipped # of Modules for Lstalation # of Trip Blanks /

-(q Lq7 through # / 5 & Total Modules Shipped: 7 Pieces

##through #JTotal Modules Received-i

# through # Total Modules Installed _-

#through #.era of Trip Blanks (Client Decides) :#4(6-

through #-'..#: -*:-
'

-
-

#through #___________

through # -t.

.Insta.ation Perform ed ....... - . - ethod s) (cw ,i those that ap ly) .

Name (please print) FVV 5 Slide Hammer Harmmer Drill g -l
Company/Affihanon: /h e

Installation StarrDate and.Time:.: -

Installation:Complete-Date and.Time... -. "7 ........ . " -. ... ........... .. .

Retrieval Pefre.. _ -- yoa Modules Retreved,-ecs-

Name. . .. - - FTtaI Modules Lost in _ li-.

~upnyAMaioriw '- -~t tal1 we Modules Reur

Retrieval Start rmed.--ime= 4- 
- -0-----.---- - . -

Retrieval CompltetD adiifle. -. 
-

-Target.AnagytQ. a Tp~e n~ednCmpe1f~L~ ~ayis(p

~hck Opin0~f. apr owre Ene.fpp
Ot her Ons r "n , f w .~ - . , . .. .... _.. _, ____,_,._._-_,._

Analyte #1: -
1, nalyt&#2.. * 

it -- Anlye..... ei 
': 

r
:. 

h L =
L  '  ..... 

; n.T

Relinquished By 2 .. a't Time R v Y: ------- - Time

Affiliation: W.L. Gore& Associates, Inc. Affiliation:_ _____

A'Dliaton 
Dat Time

Relinquished By " Da ime Received By: . Date.Time

Affiliation: I 7/-'Z7 Affiliation: 7 -'1-11
Reiqise y_________ Dae Tim e- Received BY: i DJ ~ate Time

Affiliation Affiliation: W.L. Gore& Associites, Inc. - (,- " c

- Temperature of Samples When Received By Gore O-

GORE-SORBER (9 Screening Survey is a registered service mark of W.L Gore & Associates. Inc. -FORM 8R.2



GORE SORBER SCREENING SURVEY ANALYTICAL RESULTS
LOUIS BERGER AND ASSOCIATES, PROVIDENCE, RI

SELECTION OF ANY EIGHT COMPOUNDS FROM GORE STANDARD TARGET VOCs/SVOCs (A3)
FIRING RANGE, KS

SITE AAH - PRODUCTION ORDER #072808

MODULE DATE I
NU.MBER ANALYZED .. t12DC ug1DAug 7- 2DC- -l 11T,,ug l21CAu-g"TCE,ug" PC6E,-ug

MDL= 0.16 0.05 0.03 0.08 0.02 0.01 0.03

136499 05112/97000 0o... 00. . 0....... 00 o.. . 0. 0- 0.. .... 0 0 . 0 . 0-05 0 0 0... 605

136500 b Ji2/97 __ 00-o- 00 - 06---00 0. 0-00 .3

136500 05/12/97 0.00 0.00 0.00 0.00 0.00 0.03 -.-. 0.10

136502 05/12/97 - 0.00 000 0.00 000 . 00 0.00 010i

5_ 05-29 0.00 - 0.00 - 0.00 0.00 0.00 _0.00 0.05
136504 05/12/97 0.00 . 00 0 .000 0. 00 0.00 000 0. 00

136505 05/12/97 00. 0 000 0.00 0.00 0.00 0.00 0.00

Max. Detected 0.001 0.00. 0.00 0.00 0.00. 0.031 0.10

5/131" Page 1 aahrpt.xls



Abundance V: AAH499TC.D
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Abunoance TIC: AAH504TC.D
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APPENDIX D

Geophysical Logs (Gamma Logs - Scale: 1"= 10')

OB-93-01
OB-93-02
OB-93-03
OB-93-04
OB-97-05
OB-97-06
OB-97-07
OB-97-08

OB-97-09PZ
OB-97-10PZ
OB-97-11PZ
OB-97-12PZ
OB-97-13PZ

IZ-92-010
Outcrop 1
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Louis Berger & Associates, Inc. A MEMBER OF THE BERGER GROUP

1819 H Street, NW, Suite 900, Washington, DC 20006
Tel 202.331.7775 o Fax 202.293.6224

ENGINEERS 0 PLANNERS - SCIENTISTS - ECONOMISTS * ARCHAEOLOGISTS

S4 November 1997

Mr. Glen Shonkwiler
U.S. Army Engineer District, Kansas City
Attn: CENWK-EP-EA
601 East 12th Street
Kansas City, Missouri 64106-2896

RE: Supplemental Technical Memorandum Mobilization #2, Open Burn/Open Detonation
Area, Fort Riley, Kansas
Contract No. DACA41-92-D-0001

* Dear Glen:

Enclosed are four copies of the Supplemental Technical Memorandum for Mobilization #2 at the
Open Burn/Open Detonation Area. This memo supplements the Technical Memorandum that
was submitted on 22 August 1997.

I We included figures showing the locations of the wells, piezometers, and surface water locations.
We also included groundwater contours using data collected on 2 September 1997 since we do
not believe that the wells were fully recovered when we evaluated earlier rounds of groundwater
data. We also updated the cross-section to include the geophysical logging of the piezometers
and the screened intervals of the piezometers.

I If you have any questions, please do not hesitate to call me.

* Sincerely,

LO S BERGER & ASSOCIATES, INC.

Barryn P.E.
Pro am Manager

* Enclosures

cc: Mike Greene, CENWK (1 copy)
John Cook; Dynamac (5 copies),
Dave Egan, Berger (1 copy)
Susan Knauf, Berger (1 copy)
Harris Cheema, Berger (1 copy)
File (D032/JH1 124D)I

U



I
3 Supplemental TechnicalMemorandum - OB/OD Mobilization #2 Fort Riley, Kansas

Table of Contents
i Page

1.0 Introduction .......................................................... 13 2.0 Groundwater Contours ................................................. 1

i List of Figures

Figure 1 Location of Wells, Nested Piezometers, and Features3 Figure 2 Location of Surface Water Samples
Figure 3 Groundwater Elevations Contour - Schroyer Limestone, 2 September 1997
Figure 4 Groundwater Elevations Contour - Schroyer Limestone Bottom, 2 September 1997
Figure 5 Groundwater Elevation Contour - Havensville Shale, 2 September 1997
Figure 6 Location of Geologic Cross-SectionsE Figure 7 Well Elevations/Composition

List of Tables

i Table 2 Survey Data - Revised
Table 5 Summary of Groundwater Elevation Data - Revised

I
I
I
I

i
i

I

I4 November 1997 I

U



3 Supplemental TechnicalMemorandum - OB/OD Mobilization #2 Fort Riley, Kansas

Overview of Mobilization #2 Activities
* Open Burn/Open Detonation Area

1.0 Introduction

This report presents supplemental information to be used in conjunction with the Technical
Memorandum for Mobilization #2, which was submitted on 22 August 1997. The groundwater
elevation data collected soon after the piezometers were installed were evaluated. It is not believed
that the wells had enough time to fully recover and thus-it would not be appropriate to use that data
to draw groundwater contours. Therefore the groundwater elevation data collected on 2 September
1997 was selected to draw groundwater contours. Table 5 was updated to include that round of data.
Table 2 was also revised to correct the survey data elevations for the surface water locations.3 Included in this report are the following figures to aid in reviewing the data presented in the Technical
Memorandum:

3 Site map showing all the well and piezometer locations
• Site map showing location of surface water sampling locations (to date, only OB97-SW2 has

been sampled)
Groundwater elevation contours using the wells in the Schroyer Limestone and the
piezometers screened in the Schroyer Limestone bottom
Groundwater elevation contours using only the piezometers screened in the SchroyerILimestone bottom

• Groundwater elevation contours using the piezometers screened in the Havensville Shale
I • A map showing the cross-section cuts

A cross section that overlays the drilling log information with the geophysical log information
and shows the elevation of the screens in the wells and piezometers

I 2.0 Groundwater Contours

3 The groundwater contours for 2 September 1997 is in the westerly direction using both the wells and
piezometers screened in the Schroyer Limestone bottom (Figure 3) or just the piezometers screened
in the Schroyer Limestone bottom (Figure 4). The groundwater contours for 2 September 1997 in
the Havensville Shale is in the southwesterly direction (Figure 5).

There are no contours drawn for the Threemile Limestone, the Kinney Limestone, the Wymore
Shale, or the Schroyer Limestone top as either there were insufficient elevations measured (i.e.,
wells were dry) or the gradient was too small to infer a direction.

4 November 1997

I
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Table 2 Survey Data - Revised

SB93-01 1182.07 1183.72 2351617.00 297014.00. 0

OB9302 1208.44 1210.08 2351430.00 297455.00 1663673.43 297458.70IOB93-03 1172.88 1174.84 2351178.00 296891.00 1663421.43 296894.70

OB93-04 1158.32 1160.09 2350915.00 296603.00 1663158.43 296606.70

0 B97-05 1178.23 1180.12 2350827.53 297143.29 1663070.96 297146.99

0- B97-06 1173.36 1175.37 2351177.15 296903.05 1663420.58 296906.75

OB97-07 1158.72 1160.37 2350918.19 296614.14 1663161.62 296617.84

3- OB97-08 1158.25 1160.11 2350704.07 296753.03 1662947.50 296756.73

OB97-09PZ 1242.81 1245.70 2351194.18 297646.11 1663437.61 297649.81

O B97-10PZ 1183.28 1185.52 2351567.81 296982.44 1663711.24 296986.14

-- 0B97-11PZ 1182.21 1184.43 2350973.70 296987.18 1663217.13 296990.88

-" OB97-12PZ 1183.24 1185.65 2350811.13 297281.66 1663054.56 297285.36

0-- B97-13PZ 1157.92 1160.15 2350926.34 296598.84 1663169.77 296602.54

Dug Well NAp 1155.28 2350548.60 296813.88 1662792.03 296817.58

SSpring 1162.48 1163.66 2350873.72 296885.77 1663117.15 296889.47

0B97-SWl 1168.74 1169.94 2351710.83 297304.08 1663954.26 297307.78

I OB97-SW2 1132.01 1132.92 2351041.69 295273.69 1663285.12 295277.37

OB97-SW3 1145.30 1145.97 2350180.08 296664.68 1662423.51 296668.38

IOB97-SW4 1130.10 1131.65 2350911.84 295132.88 1663155.27 295136.56

0 B97-SW5 1128.99 1130.96 2351195.15 294895.91 1663438.58 294899.59

Notes:
msl - mean sea level;

I TOG - Top of CasingI Elevation for dug well is the top of the angle iron adjacent to well.
Elevations for the spring are ground elevation (1162.48 ft msl) and the top of the iron bar (11i63.66 ft msl) placed at the

head of the spring by the surveyor.
I Elevations for surface water sample locations are the ground surface along the centerline of each stream and the top of

the iron bar placed at each location by the surveyor.

NAp - Not ApplicableI
I



I
Table 5 Summary of Groundwater Elevation Data - Revised

~< Y~2~'' .4 '4.jGroundwter Elevation 7.K
Wel D,~oriatonesurlm1g i 47, K'* p-,iIK . . ... ,'11) l~~olia'tion Bown of •r LI, ept (t at

1~ee " .1Scree1n Elev. ScFeen Elev'.L Pi oint Elev. 5-Jul-97~ 4un1 -97 4-Jun-97 >5-Junt9j. .6-Jun-9'h 7-Jun-97 9-Jdn-97 10-Jun-97 I I -Jun~-97 1l~nQ 1 1 ui71-.i-T1-u;7 0J 7~4Jl9 ~-u-.~~7A~9i~2S 9

OB93-01 Wymore/Schroyer 1155.00 1140.00 1182.07 1183.72 NM 1155.41 1154.91 1154.87 1154.84 1154.59 1154.35 1154.32 1154.39 1154.11 1153.85 1153.65 1153.47 1153.37 1151.95 1152.11 1151.01 1150.80

OB93-02 Wymore/Schroyer 1151.00 1136.00 -1208.44 1210.08 NM 1155.40 1154.89 1154.86 1154.85 1154.59 1154.34 1154.33 1154.39 1154.11 1153.88 1153.70 1153.51 1153.39 1151.96 1152.16 1151.03 1150.81

OB93-03 Threemile Limestone 1111.00 1096.00 1172.88 1174.84 NM 1124.03 1123.86 1123.85 1123.84 1123.79 1123.73 1123.67 1123.67 1123.53 1123.46 1123.38- 1123.31 1123.24 1122.48 1122.53 1121.37 1121.31

OB93-04 Threemile Limestone 1116.00 1101.00 1158.32 1160.09 NM 1125.01 1124.89 1124.90 1124.88 1124.84 1124.78 1124.74 1124.74 1124.62 1124.53 1124.42 1124.34 1124.23 1123.17 1123.16 1121.39 1121.36

OB97-05 Threemile Limestone 1115.00 1105.00 1178.23 1180.12 72.94 1124.10 1123.95 1123.96 1123.94 1123.89 1123.83 1123.77 1123.78 1123.62 1123.56 1123.48 1123.40 1123.34 1122.51 1122.57 1121.33 1121.28

OB97-06 Schroyer Limestone 1146.50 1136.50 1173.36 1175.37 38.49 1155.39 1154.90 1154.86 1154.86 1154.59 1154.39 1154.34 1154.40 1154.13 1153.87 1153.67 1153.49 1153.38 1151.97 1152.17 1151.13 1150.80

OB97-07 Schroyer/Havensville 1140.00 1130.00 1158.72 1160.37 32.94 1146.66 1146.93 1147.00 1147.15 1147.05 1146.77 1146.76 1146.68 1146.46 1146.32 1146.25 1146.17 1146.03 1145.27 1145.26 1144.90 1144.86

OB97-08 Overburden 1149.00 1139.00 1158.25 1160.11 20.39 1145.94 1145.62 1145.51 1145.44 1145.28 1145.05 1144.98 1144.92 1144.74 1144.53 1144.45 1144.36 1144.18 1142.98 1142.92 1142.45 1142.50

OB97-09PZ(O) Havensville Shale 1133.81 1132.81 1242.81 1245.70 113.01 1158.44 1156.21 1155.68 1150.20 1154.73 1154.78
OB97-09PZ(1) Schroyer Limestone 1139.81 1138.81 1242.81 1245.70 107.19 1146.52 1146.51 1145.21 dry 1145.32 1145.24

OB97-09PZ(2) Wymore Shale 1155.81 1154.81 1242.81 1245.70 89.85 1158.43 1156.21 1156.05 dry dry dry

OB97-O9PZ(3) Kinney Limestone 1168.81 1167.81 1242.81 1245.70 78.08 1168.83 1168.73 1168.58 dry 1168.41 1168.48

OB97-O9PZ(4) Blue Springs Shale 1191.81 1190.81 1242.81 1245.70 55.06 1191.96 1192.00 1191.93 dry 1191.71 1191.73

OB97-09PZ(5) Florence Limestone 1216.81 1215.81 1242.81 1245.70 31.24 1216.28 1215.73 1214.91 dry dry dry

OB97-10PZ(0) Havensville Shale 1134.28 1133.28 1183.28 1185.52 53.35 Wells not installed] 1138.54 1140.01 1146.31 1136.65 1149.01 1148.92

0B97-1OPZ(1) Schroyer Limestone-bottom 1141.28 1140.28 1183.28 1185.52 45.59 1151.28 1151.18 1150.78 1150.33 1149.56 1149.35

OB97-10PZ(2) Schroyer Limestone-top 1147.28 1146.28 1183.28 1185.52 40.67 1153.47 1153.44 1151.99 1151.95 1151.16 1151.10

OB97-10PZ(3) Wymore Shale 1154.28 1153.28 1183.28 1185.52 32.62 1164.71 1164.50 1164.69 1157.52 1163.79 1163.74

OB97-10PZ(4) Kinney Limestone 1167.28 1166.28 1183.28 1185.52 19.55 1166.24 1166.24 dry dry dry dry

OB97-11PZ(0) Havensville Shale 1132.21 1131.21 1182.21 1184.43 53.40 1154.52 1153.62 1152.96 1152.41 1148.42 1148.52

OB97-11PZ(1) Schroyer Limestone-bottom 1138.21 1137.:21 1182.21 1184.43 47.55 1146.67 1146.66 1145.29 1145.70 1145.36 1145.20

OB97-11PZ(2) Schroyer Limestone-top 1146.21 1145.21 1182.21 1184.43 39.60 1146.59 1146.54 1145.21 1145.29 dry dry

OB97-11PZ(3) Wymore Shale 1153.21 1152.21 1182.21 1184.43 32.53 1154.56 1153.59 1152.95 1152.41 dry dry

OB97-11PZ(4) Kinney Limestone 1169.21 1168.21 1182.21 1184.43 16.93 1168.39 1168.39 1167.76 dry dry dry

OB97-12PZ(O) Havensville Shale 1133.24 1132.24 1183.24 1185.65 53.60 1147.57 1136.52 1147.79 1135.29 1143.87 1144.14

OB97-12PZ(1) Schroyer Limestone-bottom 1139.24 1138.24 1183.24 1185.65 47.56 1146.43 1146.43 1145.12 1145.53 1145.34 1145.07

OB97-12PZ(2) Schroyer Limestone-top 1147.24 1146.24 1183.24 1185.65 39.67 1146.56 1146.65 1146.21 dry dry dry

OB97-12PZ(3) Wymore Shale 1154.24 1153.,24 1183.24 1185.65 32.60 1160.22 1160.11 1158.91 1158.85 1156.81 1156.52

OB97-12PZ(4) Kinney Limestone 1169.24 1168.24 1183.24 1185.65 17.72 dry dry 1168.18 dry dry dry

OB97-13PZ(0) Havensville Shale-bottom 1127.92 1126.92 1157.92 1160.15 33.34 1145.33 1132.33 1132.18 1131.69 1131.50 1131.60

OB97-13PZ(1) Havensville Shale-top 1131.92 1130.92 1157.92 1160.15 29.54 1146.20 1145.69 1145.23 1143.91 1144.58 1144.61

OB97-13PZ(2) Schroyer Limestone-bottom 1136.92 1135.92 1157.92 1160.15 24.42 1146.04 1146.05 1145.30 1145.28 1144.96 1144.88

OB97-13PZ(3) Schroyer Limestone-top 1141.42 1140.42 1157.92 1160.15 19.86 1147.19 1141.32 1143.79 1144.24 1143.68 1143.69

OB97-13PZ(4) Overburden 1146.92 1145292 1157.92 1160.15 14.67 1149.83 1147.39 1146.35 1146.60 1146.20 1146.11

Dug Well NAp NAp NAp NM 1155.28 20.29 NM 1144.88 1144.73 1144.63 1144.58 1144.58 1144.50 1144.52 1144.03 1143.83 114374' 1143.67 1143.50 1142.40 1141.98 1140.93 1141.02

Notes:

NAp - Not applicable
NM - Not measured

I
I
I
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Louis Berger & Associates, Inc. A MEMBER OF THE BERGER GROUP
B ~100 Halsted Street, East Orange, New Jersey 07019

Tel 973.678.1960 * Telex 138.152 * Fax 973.672.4284

ENGINEERS * PLANNERS 0 SCIENTISTS e ECONOMISTS - ARCHAEOLOGISTS

August 5, 1998

Commander
U. S. Army Engineer District, Kansas City
ATTN: CENWK-EP-EA (Glen Shonkwiler)
601 E. 12th Street
Kansas City, MO 64106-2896

RE: DACA41-92-0001 Indefinite Delivery Contract for Various Military Hazardous Waste
Cleanup Projects at Fort Riley, Kansas
Draft Final Site Investigation (SI) for the Open Burn/Open Detonation Area
Delivery Order 32 (JH1 124F/JG1270)

Dear Mr. Sho ler: (/i

Louis Berger & Associates, Inc. is pleased to submit 5 copies of the Draft Site Investigation
Addenda for the Open Burn/Open Detonation at Fort Riley, Kansas. Also included in this
submission are the responses to the comments. As identified in the text of the responses to several
comments, there will be a separate letter submission directly from the Army to the regulators
regarding proposed future activities at the site.

This document has been subjected to Berger's internal Quality Control process prior to release.

Copies have been distributed according to the list found at the bottom of this letter.

Should you have any questions or comments regarding this submission, please contact either Tom
Lewis at (973) 678-1960, extension 755 or me at the same number, extension 737.

Sincerely,

LOUIS BERGER & ASSOCIATES, INC.

Susan E. Knauf
Program Director

SEK
Enclosures (5 copies)



copy: Directorate of Environment & Safety Commander (2 copies)

AFZN-ES-L (Attn. John Cook) Center for Health Promotion

Building 407 Main Post & Preventative Medicine

Fort Riley, Kansas 66442-6016 ATTN: HSHB-ME-SR

(9 copies) /Larry Tannenbaum
Aberdeen Proving Grounds, MD

21010-5401

Bob Koke (2 copies) Randy Carlson (2 copies)

Federal Facilities/Special Emphasis Section Bureau of Environmental

Superfund Division Remediation

U. S. EPA Region VII KDHE

726 Minnesota Ave. Forbes Field, Building 740

Kansas City, KS 66101 Topeka, KS 66620

U. S. Army Corps of Engineers U. S. Army Environmental Center

HTRW-CX (2 copies) ATTN: ENAEC-IR-P/Joe King

ATTN: CENWO-HX-S (Document Distribution) Aberdeen Proving Grounds, MD

Omaha, NE 68144-3869 21010-5401 (1 copy)

LBA: T. Lewis
M. McCloskey
JHi 124F (Project File - D.C.)
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Responses to KIDHE Review Comments
Draft SI Addendum OB/OD dated 20 April 1998

Fort Riley, KS

No. Reference Comment Response

General Comments by Randall Carlson, Ph.D., KDHE/BER, 16 June 1998

1 General Recommendations should accompany the OB/OD Agree. A letter outlining recommendations for future
report, either as part of the report or in a separate letter. work at the site will be prepared and submitted by the
Discussions within the report concerning the installation Army under separate cover after submittal of the Draft
of wells state that quarterly groundwater monitoring is Final SI Addendum. Plans for monitoring will
planned for the site. The monitoring program should be specifically be included in this letter. The monitoring
described in the Executive Summary and in Section 5, program will be referred to as "periodic" instead of
Summary and Conclusions. "quarterly" because of the restricted access to the

OB/OD Area.

2 General Three of the planned surface water samples from the Agree. Surface water samples were collected from all
east and west intermittent streams were not collected five intermittent stream locations on 5 April 1998. The
because the streams were dry when the field work was results indicate very low levels (i.e., all below MCLs)
conducted. These samples should be collected during of TCE at locations SW-4 (3.7 ug/l) and SW-5 (3.1
the next sampling effort. ug/1) downgradient of the OB/OD Area. These results

are included in the DSR.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

3 General The extent of groundwater contamination has not been As mentioned above in response to general comment 1,
defined by the investigation, as shown on the enclosed a letter outlining recommendations for future

map of total VOCs. The general direction of characterization and delineation work at the site will be

groundwater flow from the north and south burn pits is prepared and submitted urider separate cover after

toward the south-southwest (Figure 4-7), however, the submittal of the Draft Final SI Addendum. The

most downgradient wells, OB-97-08 and OB97-13PZ rationale, quantity and location for any additional
have 110 and 200 ug/L TCE, respectively, well above monitoring wells will be addressed in that letter.

the MCL of 5 ug/L for TCE. Additional monitoring
wells should be installed west of OBHD97-14, It should be noted that a risk screening evaluation is

southwest of the southern burn pit between the western being conducted for the site and the results will be

intermittent stream and wells OB-97-08 and 0B97- presented in a separate report. Based on initial risk
13PZ and south of the southern burn pit. The highest screening information, the impacted groundwater is not
concentrations of VOCs have been found in the a current or likely future potable water source and
Schroyer Limestone and this unit should be the main meeting drinking water source quality (i.e., MCLs) at
focus of further investigations. The Threemile this site is not anticipated to be necessary for protection
Limestone also has TCE above the MCL and should be of human health and the environment.
investigated further as well. There is a greater potential
for contamination in the Threemile Limestone south of It is agreed that the Schroyer Limestone has the highest

the southern burn pit where TCE may have reached concentrations of VOCs. However, horizontal
greater depths because it is further from the main source movement (along bedding planes) is interpreted to be

areas. much greater than any downward vertical movement.
Therefore, these highest concentrations of VOCs are

Structural dip of the rock layers can be a major control believed to discharge to the intermittent streams
on the direction of groundwater flow. To aid in our downgradient of the site, and not migrate down to the
understanding of the geology at the OB/OD site and its Threemile Limestone. The TCE concentration in the
relationship to groundwater flow direction and intermittent streams receiving groundwater from the
contaminant migration, I prepared maps of the tops Schroyer Limestone is only 3 ug/l. The much lower

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

3 General of the Schroyer Limestone and the Havensville Shale TCE concentrations detected in the Threemile

(Continued) (enclosed) from the information in the drillers logs Limestone would likewise migrate predominantly
and gamnma logs. The groundwater flow direction in horizontally and eventually discharge to Threemile
the Schroyer Limestone shows some similarity to the Creek further downgradient of the site. Based on the
slope of the top of the Schroyer Limestone. The ratio of TCE concentration observed in the Schroyer to
groundwater flow direction at the top of the Schroyer the concentration observed in the receiving surface
Limestone is west-southwest (Figure 4-13). The water, any TCE reaching Threemile Creek via the
Schroyer limestone is higher to the northeast where Threemile Limestone would be at nondetectable
the demo pits are present and forms an east-west concentrations. The proposed future investigation work
trending erosional low between the north and south will help to further confirm this premise.
burn pits, where overburden soils lie in contact with
the top of the Schroyer. The direction of groundwater The association of the orientation of the top of
flow at the top of the Havensville Shale is to the formations to the direction of groundwater flow in these
south-southwest (Figure 4-15) and corresponds well zones is noted. However, care must be taken in
with the slope of the top of the Havensville Shale. generalizing the effects of the tops of the formations
The Havensville Shale probably acts as an aquitard, because variations in lithology at these contacts has
thus, the dip of the Havensville should correspond been observed. For example, the top of the Schroyer
with the direction of groundwater flow at the top of Limestone is much more clearly defined on the eastern
the unit. side of the site but is significantly eroded, blending with

the overburden, on the western side of the site. There
are likely a variety of factors which contribute to the
observed flow directions in the various zones screened
beneath the site.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

4 General The report states that identifying source areas is very It is agreed that the downgradient extent of groundwater

difficult to impossible and that identifying sources contamination has not been fully defined. As

may not be necessary given that the dissolved phase mentioned above in response to general comment 1, a

concentrations are not high enough to indicate the letter outlining recommendations for future work at the

presence of free product at the site. However, the site will be prepared and submitted under separate

downgradient extent of groundwater contamination cover after submittal of the Draft Final SI Addendum.

has not been defined. Therefore, the potential for Any additional delineation activities will be addressed

migration has not been assessed, and the conclusion is in that letter. The fact remains, however, that the

not justified at this time. relatively low dissolved concentrations identified near
the suspected source areas do not indicate the presence

Please refer to the enclosed map of total VOCs. The of any residual free product at the source areas.

highest concentrations of VOCs stem from the

northern and southern burn pits. There appear to have It is agreed that the majority of the chlorinated solvents

been smaller releases at the Metal Debris pits and the were historically released in or near the North and

West Demo Pit. There are no obvious sources near or South Burn Pit areas with possibly smaller releases at

upgradient of the relatively high concentrations of 2- the Metal Debris pits and the west Demo Pit. The 2-

butanone and carbon disulfide in well OB-97-09PZ. butanone as well as the carbon disulfide identified in

Although not mentioned, 2-butanone is a common OB-97-09PZ are not believed to be contaminants

laboratory contaminant; carbon disulfide, however, is released to the site. As mentioned, the 2-butanone is a

not. The northern and southern burn pits, although common laboratory contaminant. Carbon disulfide is

not the only source areas, appear to be the not a common laboratory contaminant, but it is a

predominant source areas for the release of naturally-occurring compound. It is particularly

chlorinated volatile organic compounds to common in anaerobic environments, such as the dark

groundwater. gray shale in which OB-97-09PZ(0) is screened.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OBOD (Continued)

No. Reference Comment Response

4 General A Gore Sorber screening survey of six points was The soil gas survey conducted at the site was only a

(Continued) conducted during the initial investigations, however, demonstration test to evaluate its potential effectiveness

it was not successful in delineating the extent of as an investigation tool at the site. The sorbers were

groundwater contamination. This was probably placed in the vadose zone three feet below ground

because so few points were screened. A passive soil surface above areas of highest known groundwater

gas survey laid out on a grid with numerous screening contamination. Only low levels of VOC contaminants

points may be more successful in defining the were detected in analysis of the sorbers. As stated in

distribution of groundwater contamination and the report, it is believed that the reason for only

accurately locating all the source areas. detecting low levels in the soil gas detectors above
known contaminated groundwater lies in the fact that

the shale (layer of low permeability) overlying the
groundwater impedes the upward migration of soil gas

from the groundwater to the detector. Based on the low
levels detected and this vertical barrier limitation, a
more extensive deployment of passive soil gas detectors
at the OB/OD area was not considered suitable and was,
therefore, not recommended or pursued.

Specific Comments by Randall Carlson, Ph.D., KDHE/BER, 16 June 1998

Section 1.4.1 Mentioning the latitude and longitude coordinates Agree. The latitude of 390 08' 31.88" and longitude of

Paragraph 1 would improve the description of the site. 960 45' 46.16" (based on survey of piezometer PZ-97-

Page 1-3 11) will be added to the text.

2 Section 1.4.1 Although the mesic area is not listed as a wetland, if The mesic area will be evaluated to determine if it

Paragraph 2 its characteristics qualify it as a wetland, it should be should be treated as a wetland. The results of this

Page 1-4 treated as such. evaluation will be presented in the Risk Screening and
I Ecological Assessment Report.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

3 Section 1.4.1 Statements in the middle of the paragraph where the Agree. A portion of a sentence is missing from this

Paragraph 2 tributaries are discussed need improvements in sentence paragraph. The sentence fragment currently reads "The

Page 1-4 structure. tributaries located to the east and west" and will be
completed with "of the site join about 1,000 feet south of
the southern site boundary."

4 Section 1.5 The discussion should mention that the designated Agree. A, sentence was added to the end of the first

Paragraph 2 beneficial uses of Threemile Creek are aquatic life paragraph stating that the designated beneficial uses of

Page 1-6 support and contact recreation. Threemile Creek are aquatic life support and contact
recreation.

5 Section 2.2.1 Which pit is referred to in this paragraph? This paragraph refers to the North Burn Pit. The text

Paragraph 2 was revised to clarify this.
page 2-2

6 Section 2.2.2 For clarity in referring to the maps, the open burn, pit Agree. The text was revised to refer to the open burn

Paragraph 2 should be referred to as the northern burn pit. pit as the North Burn Pit.

Page 2-2

7 Section 2.2.5 The text should also mention the secondary MCL for The primary MCLs are included in this paragraph for

Paragraph 1 sulfate of 250 mg/L. evaluation purposes. The secondary MCLs could also

Page 2-3 be included, but they would be unnecessary. No change
to the text was made.

8 Section 3.3.2.1 This well is upgradient, rather than downgradient, of Agree. The text was revised to state that OB-97-12PZ

OB-97-12PZ well OB-97-05 as stated in the text. is upgradient of OB-97-05.
Page 3-7

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

,No. Reference Comment Response

9 Section 4.1.1 Comments concerning the necessity of further actions As mentioned above in response to general comment 1,
Paragraph 3 should be contained in the Executive Summary and a letter outlining recommendations for future work at

Page 4-1 the chapter on Summary and Conclusions. As stated the site will be prepared and submitted under separate

in general comment 4 above, the main source areas cover after submittal of the Draft Final SI Addendum.
already are evident. Further definition of the source It is agreed that the main source areas are already
areas may be accomplished through a passive soil gas evident. No change to the text was made.
survey followed by confirmatory soil borings and
monitoring wells.

10 Figure 4-9 The gamma logs on the north to south cross-section Agree. The gamma logs presented on the north to south

Geologic are flipped 180 degrees from their proper orientation, cross-section will be flipped 180 degrees so that they

Cross- Sections such that the limestones appear to have the highest are in their proper orientation.
readings and the shales the lowest readings. Please
orient the gamma logs correctly.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

11 Figure 4-9 The lithologic descriptions in the cross-section do not It should be noted that the formation contacts are not

Geologic appear to have accounted for the lithologic always identified b, contacts between limestones and

Cross-Sections interpretations that can be made from the gamma logs. shales. For example, the base of the Schroyer
The depth measurements of the gamma logs are Limestone is interpreted to be the bottom of a chert-
probably more accurate than the driller's logs and bearing limestone. A non-chert-bearing limestone
gamma logs are sensitive to shales. The driller's logs located beneath this point would be considered the top
are based on grab samples whose depth of origin of the Havensville Shale. For this reason, it would be
during the drilling is less certain. Thus, the ganma misleading to define the formation contacts based
logs should be relied on to pick the tops and bottoms strictly on gamma logs which indicate more significant
of the alternating limestone and shale units. Some lithological changes (such as from limestone to shale).
examples of the discrepancies between the gamma This is in agreement with regional geologic
and driller's logs are as follows. The driller's logs for references/interpretations by others.
well OB-97-12PZ shows the Kinney Limestone as
approximately 4 feet thick, whereas the gamma log The driller's logs and the gamma logs were reviewed
indicates it is approximately six feet thick. Also, the and the cross sections revised appropriately. The
base of the Schroyer Limestone in well OB-97-12PZ lithological symbols defining each formation were
appears to be about two feet lower than shown. The removed leaving the contact lines with the formation
top of the Schroyer on wells OB-97-05 and OB-97- names placed within the cross sections. The previous
11 PZ appears to be about two feet lower than shown. depiction of the formations using the conventional
The base of the Schroyer Limestone on well OB-97- lithological symbols (bricks for limestone, dashes for
11 PZ appears to be about four feet lower than shown. shale). may have been misleading. For example, the

Schroyer Limestone is not comprised completely of
limestone, but rather intervals of limestone and shale.
Likewise, the Havensville Shale is not comprised
completely of shale, but rather intervals of shale and
limestone.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

12 Figure 4-11 The very steep gradient shown on the figure appears While we agree that the spring corresponds with a

unrealistic. The elevation of the spring probably does bedding plane or fracture actually located slightly below

not correspond to the piezometric head of the the base of the Kinney Limestone, the spring is flowing

groundwater, but rather corresponds to a bedding and the water supporting this flow is the groundwater in

plane or fracture within the Kinney Limestone. the Kinney Limestone. The contours represent the
hydraulic gradient between the spring and the
supporting head in the Kinney Limestone. If the flow
of the spring could be captured in a riser, the water
level in the riser would likely reach an elevation that
would be more comparable to those in the Kinney and
depict a less steep gradient.

13 Figures 4-14 The base of the Schroyer Limestone makes contact Disagree. The bottom of Schroyer and top of

and 4-15 with the top of the Havensville Shale. How is it that Havensville, as depicted on the groundwater contour
groundwater can flow northwest at the base of the maps, are not intervals in direct contact. These
Schroyer and south-southwest at the top of the approximate one-foot thick intervals are vertically
Havensville? separated by six to ten feet. The factors influencing the

flow direction of the approximate one-foot intervals can

change within that six to ten foot separation.

14 Figure 4-16 Well OB-97-09PZ did not contain TCE as shown on Agree. The detection of 0.7 ug/l will be removed from
the map. the figure and replaced with ND.

15 Appendix C A gamma log for well OB-93-3 is not present as The gamma log for OB-93-3 is present in the appendix
indicated in the Table of Contents for the appendix. but is out of place, appearing after OB-97-4. This will

be corrected.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to KDHE-Review Comments,
Draft SI Addendum OB/OD (Continued)

No. Reference Comment Response

16 Appendix C A gamma log for well IZ-92-10 is included here but is Well IZ-92-10 is shown on Figure 1-1, Site Location

not shown on the maps accompanying the report. Map. Reference to this figure was also added to the

Where is well IZ-92-10? seventh bullet under Section 3.1.2 on page 3-4.

Louis Berger & Associates, Inc. Fort Riley, Kansas

August 5, 1998 F:\HOME\MMCCLOSK\FTRILEY\OBOD\KDHESI2.WPD

Page 10 of 10



Responses to CENWK Review Comments
Draft SI Addendum OB/OD dated 20 April 1998

Fort Riley, KS

No. Reference Comment Response

Comments by Becker, CENWO-HX-G

1 General Overall, I would say that the report provides a good Agree. A letter outlining reconmmendations for future

overview of the conditions found and does a fair work at the site will be prepared and submitted under
appraisal of the complicated hydrogeology at the separate cover after submittal of the Draft Final SI
site. It is clear to me that additional data would Addendum. A risk screening study is currently being
probably be required before the site risks can be conducted and the results will be presented in a separate
fully evaluated to the satisfaction of the regulators. report. Obtaining data necessary to evaluate the
In particular, the full extent of the chlorinated potential for natural attenuation will certainly be given
compounds is not yet known. consideration in any recommended further action.

I would suggest that any additional
monitoring/investigation consider obtaining data
necessary to evaluate the potential for natural
attenuation, including concentrations of electron
receptors, redox, and organic carbon content.

2 Section 3.2 Identify the type of passive soil gas device/product - As stated in the report presented in Appendix C,
Page 3-4 was it Geosorber? GORE-SORBER Screening Modules were used in the

soil gas survey demonstration test. A similar
reference was added to Section 3.2.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to CENWK Review Comments,
Draft SI Addendum OB/OD (Continued)

No. I Reference Comment Response

Comments by Becker, CENWO-HX-G

3 Figure 3-2 It is apparent that we do not yet have adequate well Agree. As mentioned above in response to general

coverage in the west, south and northwest directions comment 1, a letter outlining recommendations for
to fully define the extent of the plume. future work at the site will be prepared and submitted

under separate cover after submittal of the Draft Final
SI Addendum. The rationale, quantity and location for
any additional monitoring wells will be addressed in
that letter.

4 Section 4.1.1 I would say that there are not enough data to As mentioned above in response to general comment 1,
Page 4-1 definitively say that there is no discrete source area a letter outlining recommendations for future work at

remaining - there has not been adequate sampling of the site will be prepared and submitted under separate
soils in the pits, particularly in the south pit. I would cover after submittal of the Draft Final SI Addendum.
recommend that sampling be conducted there, if Any additional investigation of the source areas will
safety concerns will allow. Removing any source may be addressed in that letter. Investigation within the

be key to getting regulatory acceptance of natural pits is problematic due to UXO issues. In addition,
attenuation or no action on ground water. the groundwater contaninant concentrations adjacent

to these areas are relatively low and do not indicate the
presence of any residual free product. The results of the
current risk screening study may help to guide any
future activities.

5 Section 4.3.1.3 Is it possible that there is. a divide between well MW A wide range of interpretations is possible with so

Page 4-8 OB-93-04 and the other two wells? little data. More data from this interval would be
necessary to formulate an interpretation with any

confidence.

Louis Berger & Associates, Inc. Fort Riley, Kansas
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Responses to CENWK Review Comments,
Draft SI Addendum OB/OD (Continued)

No.I Reference Comment Response

Comments by Becker, CENWO-HX-G

6 Figure 4-14 Note that OB-97-13PZ(3) should probably be OB- OB-97-13PZ(3) is the correct interval to be depicted
97-13PZ(2) on this figure. on this figure (screened from elevation 1140.42 to

1141.42 ft amsl). The "Formation Screened"
indicated on Table 3-10 was corrected from "Schroyer
Limestone-top" to "Schroyer Limestone-bottom".

END OF COMMENTS

Louis Berger & Associates, Inc. Fort Riley, Kansas
August 5, 1998 F:\HOME\MMCCLOSK\FTRILEY\OBOD\BECKER.WPDPage 3 of 3
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Responses to CENWK Review Comments
Draft SI Addendum OB/OD dated 20 April 1998

Fort Riley, KS

No. I Reference -Comment Response

Comments by Carol Bottjer, CENWK-EP-ES, 3 June 1998

1 Section ES Figure 1-2 does a better job of showing the position of Agree. The reference to Figure 4-1 was changed to 1-2.
Paragraph 2 the spring relative to the North Burn Pit than
Page ES-4 referenced Figure 4-1 does. Change reference.

2 Section 1.4.1 5th-7th sentences - Correct grammar. Agree. A portion of a sentence was missing from this
Paragraph 1 paragraph. The sentence fragment previously read
Page 1-4 "The tributaries located to the east and west" and was

completed with "of the site join about 1,000 feet south
of the southern site boundary."

3 Section 1.5 3rd sentence - "USEPA 1988b" is missing from the Agree. The sentence referencing the EPA document
Paragraph 2 reference section. Add missing information, has been removed from the text.
Page 1-7

4 Sections 2.2. 1, Previous Comment 11 - Change "Method 6010 Agree. "Method 6010 Series" references were
2.2.2 Series" references to "Method 6010/7000 series" or changed to "Method 6010/7000 Series".

I Page 2-2 something similar.

5 Section 3.4.2 Previous Comment 11 - Two analytical methods are Agree. Method 9038 were deleted.
Page 3-11 still shown for sulfate. Delete Method 9038

reference, per A-E's comment response.

Louis Berger & Associates, Inc. Fort Riley, Kansas

August 5, 1998



Responses to CENWK Review Comments,
Draft SI Addendum OB/OD (Continued)

No.I Reference Comment ]Response

Comments by Carol Bottjer, CENWK-EP-ES, 3 June 1998

6 Section 3.4.2.1 Previous Comment 16 - The 5th and 6th lines Agree. The paragraph was rewritten for clarity.

Paragraph 1 indicate that there were discrepancies in analyte

Page 3-12 identities. As such, it seems questionable whether

the project objective (per last line of paragraph)

... to determine the presence or absence of

contaminants..." was met. Rewrite paragraph for

clarity.

7 Section 3.4.2.3 Section title and last sentence - The tables show that Agree. The references to the spring sampling was

Tables 3-3 & the spring was sampled in 3/97 and 6/97. updated to be consistent with the tables and the DSR.

3-8 Additionally, the 08 May 98 Data Summary Report

Page 3-14 (DSR) compares the 6/97 and 12/97 sampling

events' results. Update SI Report Addendum to be

consistent with its tables and with the DSR.

END OF COMMENTS

Louis Berger & Associates, Inc. Fort Riley, Kansas

August 5, 1998



Responses to CENWK Review Comments
Draft SI Addendum OB/OD dated 20 April 1998

Fort Riley, KS

No.I Reference Comment IResponse

Comments by Cathy Forget, CENWO-HX-H

Section 5.0 Even though the water supply at Range 18 is not A risk screening study is currently being conducted and

potable, risk to human receptors should be evaluated the results will be presented in a separate report. Even
via all other exposure pathways. This is especially though the data for the site are not complete, there is

important due to the high volatility of TCE, and enough groundwater flow direction information to
high concentrations. know that the contaminants released at the OB/OD area

would not impact the non-potable well at Range 18.

Similarly, potentially complete pathways for The surrounding farmlands are even less likely
irrigation should be evaluated on the surrounding receptors due to their distance from the site. Any
farmlands. contaminants migrating via groundwater would

discharge to surface water long before reaching these
sites. The concentration of TCE discharging from the
Schroyer Limestone (the most highly contaminated
interval beneath the GB/GD Area) to the intermittent
stream just south of the site results in a surface water
concentration of only 3 tg/l, based on the results of the

surface water sampling conducted in May 1998 and
presented in the DSR.

END OF COMMENTS

Louis Berger & Associates, Inc. Fort Riley, Kansas

August 5, 1998 Page 1 of I F:\HOME\MMCCLOSK\FTRILEY\OBOD\FORGET. WPD


