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Final Master Work Plan: Environmental Investigations
at Former CCC/USDA Facilities in Kansas,

2002 Revision

1  Introduction

The Commodity Credit Corporation (CCC) of the U.S. Department of Agriculture

(USDA) has entered into an interagency agreement with the U.S. Department of Energy (DOE)

under which Argonne National Laboratory provides technical assistance for hazardous waste site

characterization and remediation for the CCC/USDA. Carbon tetrachloride is the contaminant of

primary concern at sites in Kansas where former CCC/USDA grain storage facilities were

located. Argonne applies its QuickSite® Expedited Site Characterization (ESC) approach to

these former facilities. The QuickSite® environmental site characterization methodology is

Argonne’s proprietary implementation of the ESC process (ASTM 1998). Argonne has used this

approach at several former CCC/USDA facilities in Kansas, including Agenda, Agra, Everest,

and Frankfort.

The Argonne ESC approach revolves around a multidisciplinary, team-oriented approach

to problem solving. The basic features and steps of the QuickSite® methodology are as follows:

• A team of scientists with diverse expertise and strong field experience is

required to make the process work. The Argonne team is composed of

geologists, geochemists, geophysicists, hydrogeologists, chemists, biologists,

engineers, computer scientists, health and safety personnel, and regulatory

staff, as well as technical support staff. Most of the staff scientists are at the

Ph.D. level; each has on average, more than 15 years of experience. The

technical team works together throughout the process. In other words, the

team that plans the program also implements the program in the field and

writes the reports. More experienced scientists do not remain in the office

while individuals with lesser degrees or experience carry out the field work.

• The technical team reviews, evaluates, and interprets existing data for the site

and the contaminants there to determine which data sets are technically valid

and can be used in initially designing the field program. A basic mistake

sometimes made in the site characterization process is failure to use
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technically sound available data to form working hypotheses on

hydrogeology, contaminant distribution, etc. for initial testing.

• After assembling and interpreting existing data for the site, the entire technical

team visits the site to identify as a group the site characteristics that might

prohibit or enhance any particular technological approach. Logistic and

community constraints are also identified at this point.

• After the field visit, the team selects a suite of technologies appropriate to the

problem and completes the design of the field program. No one technique

works well at all sites, and a suite of techniques is necessary to delineate site

features fully. In addition, multiple technologies are employed to increase

confidence in conclusions about site features. Noninvasive and minimally

invasive technologies are emphasized to minimize risk to the environment, the

community, and the staff. In no case is the traditional approach of installing a

massive number of monitoring wells followed.

A dynamic work plan that outlines the program is produced for the sponsoring

and regulatory agencies. The word “dynamic” is emphasized because the

work plan is viewed as a guide, subject to modification, for the site

characterization activity, rather than a document that is absolute and

unchangeable. Therefore, the health and safety plan and the quality

assurance/quality control plan must be broad and encompass all possible

alterations to the plan. The cooperation of the regulating agency is essential in

successful implementation of this process. The sponsoring and regulatory

agencies are notified if significant changes to the site-specific work plan are

necessary.

• The entire team participates in the technical field program. Several technical

activities are undertaken simultaneously. These may range from different

surface geophysics investigations to vegetation sampling. Data from the

various activities are reduced and interpreted each day by the technical staff.

Various computer programs are used to visualize and integrate the data.

However, people do the data interpretation and integration, not the computers,

which are just one more tool at the site.
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At the end of the day, the staff members meet, review results, and modify the

next day’s program as necessary to optimize activities that are generating

overlapping or confirming site details. Data are not arbitrarily discarded —

each finding must be explained and understood. Anomalous readings may be

due to equipment malfunctions, laboratory error, or the inability of a

technique to work in a given setting. The suite of selected technologies is

adjusted in the field if necessary.

• The end result of this process is the optimization of the field activity to

produce a high-quality technical product that is cost and time effective.

The QuickSite® process has been proven to be both cost and time effective in generating

a high-quality site characterization program exceeding in technical scope the traditional remedial

investigation. The program is abbreviated only in time and cost, not in technical content or

adherence to the regulatory framework.

This Master Work Plan describes the general QuickSite® investigative program to be

followed at all former Kansas CCC/USDA facilities. This plan contains all material common to

the programs for the sites. Section 2 details the regulatory guidelines and statutes governing the

investigation. The health and safety plan is presented in Section 3. Quality assurance/quality

control guidelines are given in Section 4, and the general outline of site community relations

activities is presented in Section 5. Section 6 delineates general aspects of the QuickSite®

technical program (e.g., sampling and analysis) that are common to all sites. In addition to this

Master Work Plan, Argonne prepares site-specific work plans that contain only site-specific

material (site description, site history, geologic/hydrogeologic setting, specific health and safety

plans, specific community relations details, and the specific technical site program). For each

site, therefore, the technical work plan will comprise the integrated combination of this Master

Work Plan and site-specific work plans and reports.

The QuickSite® investigative program for any site is typically divided into two phases.

Therefore, the series of documents for any site will include a Phase I work plan, Phase I results

and Phase II work plan (one document), and a Phase II report. Material is not repeated in detail

from one report to the next in order to streamline the process. All site reports plus the Master

Work Plan must be consulted for the complete details of the QuickSite® program at any specific

site.
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When Phase I and Phase II QuickSite® investigations have been completed at a site, the

CCC/USDA will determine whether an analysis of corrective actions is necessary. If the

CCC/USDA determines that such an analysis is needed and adequate funding is available,

Argonne will perform this analysis and will report the results as a Phase III document for the site.
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2  Environmental Protection Controls and Performance Standards

Section 121(d) of the Comprehensive Environmental Response, Compensation, and

Liability Act of 1980 (CERCLA) requires on-site remedial actions to attain upon completion of

the remedial action, or receive waivers for, federal environmental applicable or relevant and

appropriate requirements (ARARs), more stringent state environmental ARARs, and state

facility-siting laws. Compliance with ARARs of other environmental laws is a pillar of

CERCLA. ARARs are a prerequisite for determining whether a remedy is protective of human

health and the environment; that is, ARARs provide cleanup goals and guide remedy

implementation. The site-specific characteristics of CERCLA sites preclude the development of

prescribed ARARs. This means that ARARs are identified on a site-specific basis. Factors

including the chemicals present, the location, the physical features, and the actions under

consideration as remedies at a given site will determine the standards that must be met. The 1990

National Oil and Hazardous Substances Pollution Contingency Plan (NCP), published in the

Federal Register on March 8, 1990 (55 FR 8666) and codified in Part 300 of Title 40 of the Code

of Federal Regulations (40 CFR 300), also requires compliance with ARARs during remedial

actions and during removal actions to the extent practicable, considering the urgency of the

situation at a site.

The NCP does not explicitly require the development and application of ARARs until the

remedial investigation/feasibility study phase is reached (40 CFR 300.430(d)). As a matter of

policy, however, the U.S. Environmental Protection Agency (EPA) has stated that treatment or

disposal of investigation-derived wastes produced during response activities must ensure

protection of human health and the environment and must, to the extent possible, comply with

(or waive) federal and state ARARs (EPA 1988, 1991, 1992). Consequently, this section

provides a brief discussion of the environmental protection controls and performance standards

that, when applied to site characterization activities, will ensure that the activities do not

adversely affect public health or the environment. In addition, this section discusses the

mechanisms by which site-specific controls are to be established at each location undergoing

characterization to ensure that the desired levels of environmental protection are attained. This

section addresses only environmental protection controls and standards, not the numerous

controls and standards for protecting the health and safety of site workers and the general public

and for assuring the quality and accuracy of data gathered. Those standards and controls are

discussed in Sections 3 and 4, respectively, of this Master Work Plan.
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2.1  Procedure for Identifying Controls and Standards

Guidance for the determination of ARARs has been published by the EPA in numerous

sources (e.g., EPA 1987, 1988, 1989a, 1998a).

Environmental protection controls and performance standards for site characterization

activities are determined after the ARARs are identified as described in these guidance

documents. Specifically, federal statutes, executive orders, federal regulations, state laws, state

regulations, and local ordinances were all reviewed as potential sources of necessary, reasonable,

and prudent controls and standards. State laws and regulations and local ordinances were

considered only when they were (1) promulgated so that they are legally enforceable and

generally applicable (i.e., consistently enforced) and (2) more stringent in their controls than the

corresponding federal requirements. In addition to statutes and regulations directed specifically

at protection of the environment, state laws and regulations pertaining to the siting of certain

facilities were also reviewed.

In general, applicable requirements are those that, as a matter of basic statutory or

regulatory jurisdiction, would apply to an activity, whether or not that activity was conducted

under the authority of CERCLA. The EPA guidance defines applicable requirements as “those

cleanup standards, standards of control, and other substantive environmental protection

requirements, criteria, or limitations promulgated under Federal or State law that specifically

address a hazardous substance, pollutant, contaminant, remedial action, location, or other

circumstance present at a CERCLA site.” Relevant and appropriate requirements are defined as

“those cleanup standards, standards of control, and other substantive environmental protection

requirements, criteria, or limitations promulgated under Federal or State law that, while not

‘applicable’ to a hazardous substance, pollutant, contaminant, remedial action, location, or other

circumstance at a CERCLA site, address problems or situations sufficiently similar to those

encountered at the CERCLA site that their use is well suited to the particular site.” These same

definitions were used to identify environmental controls and standards for QuickSite®

investigations.

As in the case of ARARs, additional standards and controls for site characterizations can

be derived from nonpromulgated guidance or advisories issued by federal or state agencies.

Although they are not legally binding, such guidance and directives, defined as “to be

considered” requirements in the formal ARAR process, have been reviewed for their usefulness

in developing operating procedures or best management practices that assure compliance with
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federal and state regulations and protection of public health and the environment during the site

characterization process.

Environmental protection controls and standards are classified as chemical specific;

performance, design, or action specific; or location specific. Chemical-specific (or ambient)

controls and standards are health-based or risk-based standards issued for specific chemicals (or

chemical families).

Performance-, design-, or action-specific requirements are applicable to the generation,

management, and disposal of wastes associated with planned site characterization activities.

Because it is generally nonintrusive, the QuickSite® investigation produces minimal amounts of

wastes. Nevertheless, some waste streams that are expected to result from the planned site

characterization activities include (1) cuttings from soil borings and well installations, (2) well

development fluids, (3) purge water recovered from sampling wells, (4) residuals and quality

control duplicates from sample analyses performed both in the field and in off-site laboratories,

(5) equipment decontamination rinsates, (6) soiled and potentially contaminated personal

protective equipment, and (7) other miscellaneous wastes associated with well installation and

sampling of various environmental media. Planned sited characterization activities might also

result in minimal air emissions of particulate matter or other emissions from drilling equipment.

Therefore, air pollution laws and regulations can also be ARARs.

The anticipated chemical-specific requirements applicable to the generation,

management, and ultimate disposal of site characterization wastes for the locations addressed in

this Master Work Plan would be carbon tetrachloride and, at some locations, nitrates. (Even

though the nitrate contamination that might be encountered is not attributable to CCC/USDA

activities, the presence of such contamination in site characterization wastes will establish the

applicability of nitrate-specific controls in the management and disposal of those wastes.)

Finally, location-specific requirements are restrictions placed on concentrations of

hazardous substances, or the conduct of activities involving those substances, solely because of

the special or sensitive nature of the location within which the substances or activities are found.

It is beyond the scope of this Master Work Plan to develop a comprehensive list of location-

specific requirements. However, this Master Work Plan directs that a reconnaissance survey of

each location to be characterized be made before characterization activities begin. This survey is

to identify the presence of environmentally sensitive areas that could be affected by the

investigation. Such sensitive areas include but are not limited to faults displaced in Holocene
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time; 100-yr floodplains; salt dome formations; historic properties; critical habitats upon which

endangered or threatened species depend; wetlands; wilderness areas; wildlife refuges; areas

immediately adjacent to streams or rivers; areas affecting national, wild, scenic, or recreational

rivers; wellhead protection areas; and other sensitive areas as defined by the EPA or state

authorities. In addition, the survey is to identify all requirements imposed by federal or state

siting statutes and regulations.

The principal agency implementing environmental protection programs in the state of

Kansas is the Kansas Department of Health and Environment (KDHE). Kansas environmental

protection programs have been authorized by the EPA to operate in lieu of their federal

counterparts, and therefore the state regulations are analogous to federal standards or represent

the state’s exercise of authorities granted it under various federal statutes (e.g., establishment of

stream classifications and use of federal water quality criteria to establish levels of protection and

effluent limits for surface waters of the state).

An analysis of the federal and state environmental protection controls and performance

standards that are applicable or relevant and appropriate to planned sited characterization

activities is in Table 2.1 (at the end of this section).

2.2  Implementation

The QuickSite® methodology relies on the professional judgment of the site investigators

in selecting among various intrusive and nonintrusive investigative techniques to accomplish the

characterization objectives. The application of the standards and requirements identified in

Table 2.1 is dependent on the chosen techniques, the specific location where activities will be

conducted, and the chemical constituency of the resulting investigative waste at each site.

Consequently, the controls ultimately applied will be determined during the site characterization

activity at each location.

In all instances, investigation-derived wastes are to be managed in a manner consistent

with the applicable EPA Office of Solid Waste and Emergency Response directive (EPA 1989d,

1991, 1992). In addition, field investigators are to seek site-specific guidance and directives from

the appropriate regulatory authorities, including federal, state, and local environmental or public

health authorities. In Kansas, the relevant guidance is in KDHE policy BER-RS-003. The most
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important elements of the approach to management of investigation-derived wastes are as

follows (EPA 1991):

• Leave a site in a condition no worse than before the investigation.

• Remove wastes that pose an immediate threat to human health or the

environment.

• Leave on-site wastes that do not require off-site disposal or extended

aboveground containerization.

• Comply with federal ARARs, to the extent practicable.

• Comply with state ARARs, as practicable.

• Exercise careful planning and coordination for management of investigation-

derived wastes.

• Minimize the quantity of wastes generated.
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TABLE 2.1  Potential applicable or relevant and appropriate requirements (ARARs) for former CCC/USDA facilities in Kansas.a

Title Citationb Description Comment

Federal Laws and Regulations

Safe Drinking Water Act (SDWA) 42 USC 300(f) et seq.

National Primary Drinking Water
Standards

40 CFR Part 141, Subparts B
and G

Establishes maximum contaminant levels (MCLs),
which are health-based standards for public water
systems. The MCL for carbon tetrachloride is
5  µg/L. The MCL for chloroform (total
trihalomethanes) is 100 µg/L.

MCLs for organic constituents are
applicable to groundwater
contamination in a sole-source
aquifer.

National Secondary Drinking
Water Regulations (NSDWRs)

40 CFR Part 143 Establishes secondary maximum contaminant levels
(SMCLs), which are non-enforceable guidelines for
public water systems to protect the aesthetic
quality of the water.

NSDWRs are applicable if
groundwater is a source of drinking
water and if the NSDWRs have been
adapted as enforceable standards by
the state.

Maximum Contaminant Level
Goals (MCLGs)

40 CFR Part 141, Subpart F Establishes non-enforceable drinking water quality
goals at levels of no known or anticipated adverse
health effects, with an adequate margin of safety.
The MCLG for carbon tetrachloride is zero.

MCLGs for organic constituents may
be relevant and appropriate if a more
stringent standard is required to
protect human health and the
environment.

Standards for Owners and
Operators of Public Water Supply
Systems

40 CFR Part 141 Provides treatment requirements for public water
supply systems (i.e., systems that serve at least
25 people or have at least 15 connections).

MCLs would be relevant and
appropriate in the establishment of
cleanup goals for groundwater
contamination.

Underground Injection Control
Regulations

40 CFR Parts 144-148 Provides for protection of underground sources of
drinking water.

Applicable if a remedial alternative
involved underground injection.

Sole-Source Aquifers 40 CFR Part 149 Prohibits activities, including drilling, in an area
designated a sole-source aquifer without special
permission of the EPA.

Applicable if the aquifer in the area
were a sole-source aquifer.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Clean Water Act 33 USC 1251 et seq.

Ambient Water Quality Criteria 40 CFR Part 131 Section 304(a) of the Clean Water Act (CWA)
requires the EPA to publish and periodically update
ambient water quality criteria (AWQCs). These
criteria are to “. . . accurately reflect the latest
scientific knowledge . . . on the kind and extent of all
identifiable effects on health and welfare including,
but not limited to, plankton, fish, shellfish, wildlife,
plant life . . . which may be expected from the
presence of pollutants in any body of water. . . .”
Water quality criteria developed under Section
304(a) are based solely on data and scientific
judgments on the relationship between pollutant
concentrations and environmental and human health
effects. These recommended criteria provide
guidance for states and tribes in adopting water
quality standards under Section 303(c) of the CWA.

AWQCs have been developed for
some organic constituents in
groundwater and may be relevant and
appropriate.

National Pollutant Discharge
Elimination System (NPDES)

40 CFR Parts 122, 124 and
125

Establishes NPDES permit procedures, criteria, and
standards governing the discharge of pollutant from
any point source into waters of the United States
(Sections 318, 402, and 405 of the CWA).

Discharge limits will be established if
effluent is discharged to a surface
water body.

No permit is required for on-site
response actions under CERCLA, but
the substantive requirements would
apply if a remedial alternative involved
discharge into a creek or other
surface water on-site. A permit would
be required if the discharge were to a
creek or other surface water off-site.

National Pretreatment Standards 40 CFR Part 403 Provides general pretreatment standards and
regulations for existing and new sources of pollution;
establishes standards to control pollutants that pass
through or interfere with treatment processes in
publicly owned treatment works or that may
contaminate sewage sludge.

Applicable if a remedial alternative
involved discharge to publicly owned
treatment works.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Clean Water Act (Cont.)

Dredge or Fill Requirements 40 CFR Parts 230-233
(40 CFR Part 6.302(a))

Requires permits for discharge of dredged or fill
material into navigable waters.

Applicable if a remedial alternative
required discharge of dredged or fill
material into navigable waters.

Executive Order on Protection of
Wetlands

Executive Order 11,900 Requires federal agencies to avoid, to the extent
possible, adverse impacts associated with the
destruction or loss of wetlands and to avoid support
of new construction in wetlands if a practicable
alternative exists.

Applicable if a remedial alternative had
a negative effect on a wetland.

Rivers and Harbors Act of 1899 33 USC 401 et seq.

Section 10 Permit 33 CFR Parts 320-330
(40 CFR Part 6.302(a))

Requires permit for structures for work in or
affecting navigable waters.

Applicable if a remedial alternative
affected a navigable waterway.

Executive Order on Floodplain
Management

Executive Order No. 11,988 Requires federal agencies to evaluate the potential
effects of actions in a floodplain to avoid, to the
extent possible, the adverse impacts associated with
direct and indirect development of a floodplain.

Applicable if activities were located in
a 100-yr floodplain.

Clean Air Act 42 USC 7401 et seq.

National Primary and Secondary
Ambient Air Quality Standards

40 CFR Part 50 Establishes national primary and secondary ambient
air quality standards under Section 109 of the Clean
Air Act to protect public health and welfare.

Applicable if contaminants were
discharged to the air during
treatment.

National Emissions Standards for
Hazardous Air Pollutants

40 CFR Parts 61 and 63 Provides emissions standards for hazardous air
pollutants for which no ambient air quality standard
exists. Carbon tetrachloride and chloroform are
substances for which a Federal Register notice has
been published that included consideration of the
serious health effects, including cancer, from ambient
exposure to the substance.

Relevant or appropriate if on-site
treatment units with emissions were
part of remedial actions.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Solid Waste Disposal Act, as
amended by the Resource
Conservation and Recovery Act
(RCRA), as amended

40 USC 6901 et seq.

Criteria for Classification of Solid
Waste Disposal Facilities and
Practices

40 CFR Part 257 Establishes criteria for use in determining which solid
waste disposal facilities and practices pose a
reasonable probability of adverse effects on health
[Sections 1008(a)(3) and 4004(a) of RCRA] and
thereby constitute open dumps prohibited under
Section 4005 of RCRA.

Provides for protection of surface water and
groundwater at solid waste disposal facilities
(40 CFR 257.3-3 and -4).

Applicable if a remedial alternative
involved land disposal of solid waste.

Applicable if a remedial action
included provisions for an on-site
landfill.

Identification and Listing of
Hazardous Wastes

40 CFR Part 261 Identifies solid wastes that are subject to regulations
as hazardous wastes under 40 CFR Parts 124,
262-265, 268, 270, and 271.

Applicable if a material at the site
were defined as a solid and hazardous
waste; would require handling as a
hazardous waste.

Standards Applicable to
Generators of Hazardous Waste

40 CFR Part 262 Establishes standards for generators of hazardous
waste.

Applicable if hazardous wastes are
generated as a result of on-site
activities.

Standards Applicable to
Transporters of Hazardous Waste

40 CFR Part 263 Establishes standards that apply to transporters of
hazardous waste within the United States if the
transportation requires a manifest under 40 C F R 
Part 262.

Applicable if a remedial alternative
involved off-site transportation of
hazardous wastes.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Solid Waste Disposal Act (Cont.)

Standards for Owners and
Operators of Hazardous Waste
Treatment, Storage, and Disposal
Facilities

40 CFR Part 264 Establishes minimum national standards that define
the acceptable management of hazardous wastes for
owners and operators of facilities that treat, store,
or dispose of hazardous waste.

Provides for groundwater protection standards,
general monitoring requirements, corrective action
requirements, and technical requirements.

Applicable or relevant and appropriate
if hazardous waste were disposed of
on-site.

RCRA standards could be relevant and
appropriate for groundwater at the
site if an on-site landfill were
constructed.

Standards for Management of
Specific Hazardous Wastes and
Specific Types of Hazardous
Waste Management Facilities

40 CFR Part 266 Establishes requirements that apply to recyclable
materials.

No substances are expected to be
present at CCC/USDA sites in
quantities to warrant recycling.

Land Disposal Restrictions 40 CFR Part 268 Identifies hazardous wastes that are restricted from
land disposal; defines limited circumstances under
which an otherwise prohibited waste may continue to
be land disposed.

Applicable or relevant and appropriate
if hazardous waste were disposed of
on-site.

Hazardous Waste Permit Program 40 CFR Part 270 Establishes provisions covering basic EPA permitting
requirements.

No permit is required for on-site
CERCLA response actions. Substantive
requirements are addressed in 40 CFR
Part 264.

Technical Standards and
Corrective Action Requirements
for Owners and Operators of
Underground Storage Tanks

40 CFR Part 280 Establishes regulations related to underground
storage tanks.

Applicable if a remedial alternative
involved use of underground storage
tanks.

Occupational Safety and Health Act
(OSHA)

29 USC 651 et seq.

Occupational Safety and Health
Standards

29 CFR Part 1910 Establishes safety and health standards for workers. Under 40 CFR Section 300.150,
response actions under the NCP will
comply with the OSHA requirements
for the safety and health of response
action workers.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Noise Control Act of 1972 42 USC Sect. 4901 et seq. Prohibits federal activities resulting in noise that
would jeopardize the health or welfare of public.

Applicable for activities such as drilling
near a public access point.

Hazardous Materials Transportation
Act

49 USC 5101 et seq.

Hazardous Materials
Transportation Regulations

49 CFR Parts 107, 171-177 Protects against the risks to life and property
inherent in the transportation of hazardous  material
by listing the materials deemed hazardous and
describing required labeling, placarding, and training.

Applicable if an alternative involved
transportation of hazardous materials.
Does not apply to remediation on-site.

National Historic Preservation Act 16 USC 470 et seq.

Protection of Historic Properties 36 CFR Parts 800
(40 CFR 6.301(b))

Requires federal agencies to consider the effects of
any federally assisted undertaking (including those
carried out with federal financial assistance and those
requiring a federal permit, license, or approval) on
any district, site, building, structure, or object that is
listed in the National Register of Historic Places or
eligible for such listing; requires federal agencies to
give the Advisory Council on Historic Preservation a
reasonable opportunity to comment on those
undertakings.

Applicable if a district site, building,
structure, or object listed on or
eligible for the National Register is on
or adjacent to the site.

Executive Order on Protection and
Enhancement of Cultural
Environments

Executive Order 11,593 Requires federal agencies to preserve, restore, and
maintain the nation’s historic and cultural
environment in their activities.

Archaeological and Historic
Preservation

16 USC 469 et seq.
(40 CFR 6.301(c))

Establishes procedures for preservation of historical
and archaeological data that might be destroyed
through alteration of terrain as a result of a federal
construction project or a federally licensed activity or
program.

Applicable if historical or archeological
data are on or adjacent to the site.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Antiquities Act 16 USC 431 et seq.

Preservation of American
Antiquities

43 CFR 3
(40 CFR Sect. 6.301(b))
Executive Order 11,593

Protects all historic and prehistoric sites on federal
lands and prohibits excavation or destruction of such
antiquities without the permission (Antiquities
Permit) of the secretary of the department that has
the jurisdiction over those lands; authorizes the
president to declare areas of public lands as national
monuments and to reserve or accept private lands
for that purpose.

Applicable if site operations affect
antiquities on federal lands.

Archeological Resources Protection
Act

16 USC 470aa et seq. Supplements the provisions of the Antiquities Act of
1906; prohibits excavation or removal from public or
Indian lands any archeological resources without a
permit from the land manager; authorizes issuance of
permits only to educational or scientific institutions
and only if the resulting activities will increase
knowledge about archeological resources.

Protection of Archeological
Resources

43 CFR Part 7,
36 CFR Part 296
(40 CFR 6.301(b))

Establishes the uniform definitions, standards, and
procedures to be followed by all federal land
managers in providing protection for archaeological
resources located on public lands and Indian lands of
the United States.

Applicable if site operations affect
archeological resources on public or
Indian lands.

Historic Sites Buildings, Objects, and
Antiquities Act

16 USC 461 et seq.
(40 CFR 6.301(a))

Requires federal agencies to consider the existence
and location of landmarks on the National Registry of
Natural Landmarks to avoid undesirable impacts to
such landmarks.

Applicable if an entity on the National
Register of National Landmarks is on
or adjacent to the site.

American Indian Religious Freedom
Act

42 USC 1996 et seq. Affirms the right of Native Americans to have access
to their sacred places; directs federal agencies to
consult with Indian religious practitioners if a place of
religious importance to American Indians may be
affected by an undertaking.

Applicable if site operations affect
access to sacred Indian sites.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

American Indian Religious Freedom
Act (Cont.)

Executive Order on Indian Sacred
Sites

Executive Order 13,007 Requires federal land managing agencies to
accommodate access to and ceremonial use of Indian
sacred sites by Indian religious practitioners and to
avoid adversely affecting the physical integrity of
such sacred sites; also requires agencies to develop
procedures for reasonable notification of proposed
actions or land.

Applicable if site operations affect
access to sacred Indian sites.

Native American Grave Protection
and Repatriation Act

25 USC 3001 et seq. Establishes the priority for ownership or control of
Native American cultural items excavated or
discovered on federal or tribal land after 1990 and
the procedures for repatriation of items in federal
possession; allows the intentional removal or
excavation of Native American cultural items from
federal or tribal lands only with a permit or upon
consultation with the appropriate tribe.

Applicable if site operations involve
excavation or discovery of Native
American cultural items on federal or
tribal lands.

Native American Graves Protection
and Repatriation Regulations

43 CFR Part 10 Defines items included under the Native American
Grave Protection and Repatriation Act; describes the
consultation procedure applicable to intentional
excavation or inadvertent discovery of remains or
objects covered. Defines items included under the
Native American Grave Protection and Repatriation
Act.

Endangered Species Act 16 USC 1531 et seq.

Interagency Cooperation 50 CFR Part 402
(40 CFR 6.302(h))

Requires action to conserve threatened and
endangered species within critical habits upon which
endangered species depend, including consultation
and conferencing with the Department of the Interior
(U.S. Fisheries and Wildlife Service/U.S. National
Marine Fisheries Service).

Applicable if threatened or
endangered species or critical habitats
were identified at the site.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Migratory Bird Treaty Act 16 USC 703 et seq.

Migratory Bird Permits

Executive Order on Responsibilities
of Federal Agencies to Protect
Migratory Birds

U.S. Fisheries and Wildlife
Director’s Order on the
Applicability of the Migratory Bird
Treaty Act to Federal Agencies
and the Requirements for Permits

50 CFR Part 21

Executive Order 13,186

Director’s Order No. 131

Prohibits federal actions that would jeopardize the
habitat of birds with migratory pathways through the
area.

Directs federal agencies taking actions having or
likely to have a negative effect on migratory bird
populations to work with the U.S. Fisheries and
Wildlife Service to develop an agreement to conserve
those birds.

Applicable if a remedial alternative
would affect a migratory pathway.

Bald and Golden Eagle Protection
Act

16 USC 668 et seq.

Eagle Permits 50 CFR Part 22 Requires a permit from the U.S. Fisheries and Wildlife
Service to move nests because of construction or
operation of project facilities.

Applicable if project activities affect
bald and golden eagle populations,
including construction or operation of
facilities that call for the moving of
nests.

Fish and Wildlife Coordination Act 16 USC 661 et seq.
(40 CFR 6.302(g))

Requires consultation with the U.S. Fish and Wildlife
Service/U.S. National Marine Fisheries Service, when a
federal department or agency proposes or authorizes
any modification of any stream or other water body,
as well as adequate provision for protection of fish
and wildlife resources.

Applicable if a remedial alternative
would cause damage to or loss of
wildlife by modifying a stream or body
of water.

Wilderness Act 16 USC 1311 et seq.

Wilderness Preservation and
Management

50 CFR Part 35,
43 CFR Part 8560

Describes the activities allowed and banned in
wilderness areas and the permit process applicable to
uses of these areas.

Applicable if a wilderness area existed
on-site or adjacent to the site.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

National Wildlife Refuge System
Administration Act

16 USC 668dd

Executive Order on the
Management and General Public
Use of the National Wildlife Refuge
System

Executive Order 12,996 Restricts activities within a national wildlife refuge;
directs preservation of a national network of lands
and waters for the conservation and management of
fish, wildlife, and plant resources of the United States
for the benefit of present and future generations.

Applicable if a wildlife refuge area
existed on-site or adjacent to the site.

Wild and Scenic Rivers Act 16 USC 1271 et seq.

Wild and Scenic Rivers (40 CFR 6.302(e))

36 CFR Part 297

Selects certain rivers of the nation possessing
remarkable scenic, recreational, geologic, fish and
wildlife, historic, cultural, or other similar values;
preserves these rivers in a free-flowing condition and
protects their local environments.

Establishes a notification process for federally
assisted water resource projects in any portion of a
designated river.

Applicable if a scenic river were in the
area of the site.

Kansas State Laws

Kansas Air Quality Control Act;
Kansas Air Pollution Emission Control
Regulations

KSA, Chapter 65, Article 30;
KAR, Title 28, Article 19

Requires permitting and preconstruction notice for air
contaminant sources; provides for reporting and
inspections; establishes state emission standards for
listed hazardous air pollutants and state air quality
standards to protect the public health.

Provides emission standards for hazardous air
pollutants (HAPs) (KAR 28-19-200 et seq.). HAPs
include carbon tetrachloride and chloroform
(KAR 28-19-201(a)). Emission above a certain
threshold requires an annual emissions fee
(e.g., 10 tons/yr of a single HAP and 25 tons/yr of
any combination of HAPs) (KAR 28-19-202).

Applicable if any listed pollutants were
discharged to the air during
investigation or remediation through
air stripping, thermal destruction,
handling of contaminated soil,
gaseous waste treatment, aeration, or
municipal solid waste landfill disposal.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Kansas Air Quality Control Act;
Kansas Air Pollution Emission Control
Regulations (Cont.)

Emissions above certain threshold amounts require a
construction permit (e.g., 25 tons/yr of particulate
matter [PM], 15 tons/yr of PM 10, 100 tons/yr of
carbon monoxide, 40 tons/yr of volatile organic
compounds [VOCs]) or a preconstruction approval
(e.g., 5 lb/hr of PM, 2 lb/hr of PM 10, 50 lb per
24-hr period of carbon monoxide, 50 lb per 24-hr
period of VOCs (either 15 lb per 24-hr period or
3 lb/hr in a nonattainment area) (KAR 28-19-300).

Establishes new source performance standards for
municipal solid waste landfills, including reporting,
calculating nonmethane organic compound emissions,
installing collection and control systems (28-19-720
et seq.).

Establishes emission standards for major source
HAPs (28-19-750 et seq.).

Kansas Drinking Water Regulations KSA, Chapter 65, Article 33;
KAR, Title 28, Article 15

Establishes MCLs pertaining to public water supplies.
The MCLs for carbon tetrachloride, total
trihalomethanes (including chloroform), and total
nitrate are 0.005 mg/L, 0.1 mg/L, and 10 mg/L,
respectively (KAR 28-15-13).

Applicable if waste derived from
investigation or remediation entered
public water systems. Not applicable
to investigative wells, as such, that
are not used for drinking water supply;
however, relevant and appropriate for
establishing sampling and analysis
parameters during investigation.

Kansas Water Pollution Control
Regulations

KSA, Chapter 65, Article 33;
KAR, Title 28, Article 16

Provides for the maintenance and protection of
public health and welfare and the use of surface
water for aquatic life; for agricultural, domestic, and
industrial water supply; and for recreation. Controls
surface water use designation. Establishes surface
water quality standards (KAR 28-16-28 et seq.).
Federal MCLs adopted by reference (KAR 28-16-
28b(dd)).

Applicable if contaminated
investigative or remediation effluent
were discharged into surface water;
also might be applicable to alluvial
aquifers demonstrated to be
hydraulically connected to surface
water bodies.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Kansas Water Pollution Control
Regulations (Cont.)

Surface water must be free from the harmful effects
of substances that produce any public health hazard;
hazardous substances must not occur in surface
water at concentrations that jeopardize public health
and other protected life (KAR 28-16-28e).

Provides numeric criteria by use category for
different parameters (KAR 28-16-28e(d)). For
chloroform the values are 28,900 µg/L for aquatic
life-acute, 1,240 µg/L for aquatic life-chronic, and
15.7 µg/L for public health-food procurement. (For
public health-domestic water supply the EPA has
promulgated criteria for Kansas under 40 C F R 
§136.36. No values are specified for agriculture-
livestock and agriculture-irrigation.)  For carbon
tetrachloride the value is 35,200 µg/L for aquatic
life-acute. (For public health-food procurement and
public health-domestic water supply the EPA has
promulgated criteria for Kansas under 40 C F R 
§136.36. No values are specified for aquatic life-
chronic, agriculture-livestock, and agriculture-
irrigation.)

Regulations state that, when numeric
values are not listed for specific
substances, criterion development is
to be guided by water quality criteria
published by the EPA.  When the
KDHE finds that the criteria listed are
underprotective or overprotective for
a given surface water segment, the
KDHE may, in accordance with
KAR 28-16-28f(f), make appropriate
site-specific determinations.

Establishes procedures relating to the discharge of
wastewaters complying with the NPDES (KAR 28-16-
57 et seq.).

National effluent standards are
adopted by reference.

Requires water management planning for water
quality management areas deemed critical by state
authorities (KAR 28-16-69 et seq.).

Applicable if contaminants resulting
from investigation or remediation are
discharged into a water quality
management area.

Establishes limitations on the types of wastes that
can be discharged to a publicly owned treatment
works (POTW) and governs pollutants from
nondomestic sources that are subject to one or more
pretreatment standards and that are indirectly
discharged, or otherwise introduced by any means,
into any POTW (KAR 28-16-83 et seq.).            

Applicable if investigation or remedial
alternatives involved discharge of
contaminated groundwater to a
POTW.
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Title Citationb Description Comment

Kansas Solid and Hazardous Waste
Act; Kansas Solid Waste
Management Regulations

KSA, Chapter 65, Article 34;
KAR, Title 28, Article 29

Establishes requirements for location, licensing,
construction, operation, and closure of solid waste
management facilities (KAR 28-29-21 et seq.).

Establishes location restrictions, design standards,
operating standards, groundwater monitoring,
corrective action, and financial assurance for closure
and postclosure, for new municipal solid waste landfill
units (KAR 28-29-102 et seq.). Liner standards for
new municipal solid waste landfills must be designed
in accordance with KAR 28-19-104(e)(1)(A)or(B).
Alternative designs must demonstrate that a carbon
tetrachloride concentration of 0.005 mg/L will not
be exceeded (KAR 28-29-104(e)(1)(B)). Small
units may request exemption (KAR 28-19-103).
Requires detection and assessment monitoring for
carbon tetrachloride and chloroform (KAR 28-29-
113).

Applicable if nonhazardous materials
were discarded as a result of the
investigation or remediation and were
landfilled on-site.

KSA, Chapter 65, Article 34;
KAR, Title 28, Article 31

Establishes standards for hazardous waste
generators and transporters and for storage,
treatment, and disposal facilities (KAR 28-31-4
et seq.).

Solid waste generators must make a hazardous
waste determination. For a waste that is not
excluded from hazardous waste regulations and not
listed as a hazardous waste, the determination is
generally made through testing by a laboratory
certified for such analyses by the KDHE (KAR 28-31-
4(b)).

Storage by certain hazardous waste generators for
more than 90 days requires a permit (KAR 28-31-
4(g)). Federal land disposal restrictions are adopted
by reference (KAR 28-31-14).

Applicable if investigation samples or
remediation-generated wastes were
determined to be hazardous.
Applicable if hazardous wastes were
managed on-site through treatment,
storage, and disposal or were
transported. Transportation
requirements do not include
manifesting requirement for samples
sent for characterization.
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Kansas Storage Tanks Act KSA Chapter 65, Article 34 Governs underground storage tanks. Applicable if a remedial alternative
involved use of underground storage
tanks.

Kansas Water Well Contractor’s
License Regulations; Water Well
Construction and Abandonment
Regulations

KAR, Title 28, Article 30 Establishes requirements for licensing of well drillers
and standards for construction, operation, and
plugging of wells (KAR 28-30-3 et seq.).

Applicable if investigation or
remediation involved drilling
monitoring wells and other wells.

Kansas Underground Injection
Control Regulations

KAR, Title 28, Article 46 Governs discharges into underground injection wells
(KAR 28-46-1 et seq.).

Applicable if investigative or remedial
wastes were introduced into wells for
discharge or disposal. In general,
national SDWA regulations are
adopted by reference.

Kansas Nongame and Endangered
Species Conservation Act; Kansas
Nongame and Endangered Species
Conservation Regulations

KSA, Chapter 32, Article 9;
KAR, Title 115, Article 15

Requires consultation with the Kansas Department of
Wildlife and Parks pertaining to actions that might
affect threatened or endangered species and their
critical habitats. Projects that receive public funds
through Kansas water permit procedures and affect
these species or their habitats require review and
permitting (KSA 32-957 through -963; KAR 115-15-
1, -2, -3, and -4).

Applicable if threatened or
endangered species were identified at
or near the site.

Kansas Levee Law KSA, Chapter 24, Article 1;
KAR, Title 5, Article 45

Requires prior approval of chief engineer before
construction of floodplain fills and levees
(KSA 24-126).

“Floodplain fill” means material, usually soil, rock, or
rubble, placed in a floodplain to an average height of
more than 1 ft above the existing ground, which has
the effect of diverting, restricting, or raising the level
of floodwaters on a stream (KAR 5-45-1).

Applicable if site activities involved
construction of floodplain fills.
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TABLE 2.1  (Cont.)

Title Citationb Description Comment

Kansas Historic Preservation Act KSA, Chapter 75, Article 27;
KAR, Title 118, Article 3

Provides for protection and preservation of sites and
buildings listed on state or federal historic registries
(KSA 75-2701 et seq.).

Applicable if the investigation or
remediation site is a listed state or
federal historic site or is adjacent to
such a site and if activities requiring
permitting are initiated at the site.

Kansas Unmarked Burial Sites
Preservation Act

KSA, Chapter 75, Article 27;
KAR Title 118, Article 2

Establishes Burial Sites Preservation Board; prohibits
unauthorized disturbance; and requires permits for
excavation (KSA 75-2741 et seq.).

Applicable if investigation or
remediation activities encounter a
burial site.

a In addition to the ARARs listed here, the following advisory levels are to be considered:

• EPA health advisories for exposure to drinking water

    Concentration (µg/L)    

Carbon
Exposure Tetrachloride  Chloroform 

One day (10-kg child) 4,000 4,000
Ten days (10-kg child) 200 4,000
Long term (10-kg child) 70 100
Long term (70-kg adult) 300 400
Lifetime (70-kg adult) Not available Not available

• EPA Region III risk-based criteria for tap water

Carbon tetrachloride 0.16 µg/L
Chloroform 0.15 µg/L

b Abbreviations for citations:

CFR, Code of Federal Regulations
USC, United States Code
Sect., Section
KSA, Kansas Statutes Annotated
KAR, Kansas Administrative Regulations

.
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3  Health and Safety Plan

3.1  Introduction

3.1.1  Purpose

This health and safety plan contains the information required to protect personnel at

former CCC/USDA facilities during (1) periodic groundwater and soil sampling; (2) the

installation, construction, development, and sampling of groundwater monitoring wells; (3) soil

boring around potentially contaminated areas with conventional drilling methods; (4) soil and

water sampling with electronic cone penetrometer methods; and (5) the collection of geophysical

data. This section provides only general information relative to all former CCC/USDA facilities

to be investigated. The site-specific information needed to support this section is provided in

site-specific work plans.

The principal purpose of this health and safety plan is to provide the Argonne field team

members with the information, procedures, regulations, and guidelines needed to conduct their

work with minimal hazard to their own health and safety and the health and safety of the

surrounding public and the environment. The primary intent of the plan is to document the

responsibility of all workers to conduct their operations safely and to provide them with the

means to do so, in keeping with the policy of the CCC/USDA and Argonne that health and safety

are foremost considerations in conducting the field investigation.

Secondary purposes are (1) to demonstrate to the CCC/USDA, the Occupational Safety

and Health Administration (OSHA), the EPA, and state and local regulatory agencies that health

and safety have been given adequate consideration in the planning and execution of the work;

(2) to show that applicable regulatory requirements are being met; and (3) to show that relevant

policy and procedural requirements of Argonne and its Environmental Research Division are

being satisfied.
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3.1.2  Site Location and Background

Information provided for each former CCC/USDA facility in a site-specific work plan

includes a brief history of the site and the details of previous investigations. The results of the

previous investigations are the primary basis for identifying the appropriate health and safety

concerns for each site.

3.2  Organization, Regulations, and Responsibilities

3.2.1  Organization

Before field work begins, the site-specific health and safety plan is submitted for review

by the Safety, Health, and Environmental Protection Committee of Argonne’s Environmental

Research Division. The project health and safety coordinator (HSC) is responsible for executing

the health and safety plan during field sampling and data collection activities. The HSC is to

have received appropriate health and safety training.

3.2.2  Rules and Regulations

The general health and safety rules in effect at Argonne are used at sampling sites. Thus,

the Argonne Environment, Safety and  Health Manual (ESH Manual) and other documents listed

in Section 3.10 all apply. The regulations and guidelines of DOE, OSHA, the EPA, and state and

local regulatory agencies also apply. Although Argonne’s ESH Manual; the Environmental

Research Division’s Safety, Health, and Environmental Protection Policy and Procedures

Manual; DOE orders; and OSHA regulations are not considered to be mutually exclusive, OSHA

regulations will prevail in all instances of inconsistency.

3.2.3  Responsibilities of the Health and Safety Coordinator

The HSC is responsible for preparing the health and safety plan, determining that the

field team members are adequately trained, and arranging for additional training where

necessary. Names and telephone numbers of field team members and subcontractors are

provided in each site-specific work plan.
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The HSC provides the required health and safety information to team members and

subcontractors, is available on the site at all times when sampling and associated work are

conducted, and ensures that team members follow the health and safety plan. The responsibilities

of the HSC include the following:

• Ensuring that all personnel are aware of the potential hazards at the site and of

the proper procedures for handling those hazards, including the health and

safety provisions in this plan.

• Assuring that required personal protection equipment is available and is used

properly by all site personnel, in accordance with provisions of this plan.

• Implementing this health and safety plan. This responsibility includes

monitoring the safety performance of personnel to ensure that mandatory

health and safety procedures are adequate and correcting any aspects that do

not comply with this plan.

• Conducting monitoring as required to ensure that the existing hazards are

characterized adequately and that the level of personal protective equipment is

appropriate.

• Monitoring personnel for signs of temperature stress or exposure to hazards.

• Ensuring that field crews observe the appropriate work practices and

decontamination procedures.

The HSC, in carrying out his/her responsibilities, is to stop or modify any work

considered unsafe or out of compliance with this plan. If an activity has been stopped because of

unacceptable health and safety practices, a conference is to be convened by the HSC, to include

the field team leader, the affected team members, and other appropriate representatives. Experts

in the specific activity may be used as consultants. This conference committee will deliberate on

safe practices to implement, but the HSC has overall decision-making authority if agreement

cannot be reached. Upon resolution of the issue, work may resume in conformance with the

agreement reached.
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3.2.4  Responsibilities of the Field Team

The project manager is responsible for instructing field team members that all work will

be performed with the maximum consideration for health and safety.

All field team members are responsible to conduct work safely and not to endanger

themselves or their colleagues. Team members must obtain appropriate health and safety

information when they are uncertain about these aspects of their work and must follow the

prescribed health and safety procedures.

3.2.5  Responsibilities of Subcontractors

Subcontractors used by the field team are subject to the same health and safety rules and

regulations as the field team itself, including the authority of the HSC. In addition,

subcontractors are directly and solely responsible for ensuring that their own employees have

been provided with appropriate personal protective devices, have been adequately instructed with

respect to the requirements of this plan, and conduct themselves in full conformance with the

provisions of this plan at all times.

3.3  General Health and Safety Practices

3.3.1  Guidelines

General health and safety precautions to be observed during sampling activities are

described here. Requirements for health and safety practices and exposure limits are given in the

documents listed in Section 3.10.

3.3.2  Emergency Plan

If an emergency situation such as injury, illness, or fire arises, the appropriate immediate

response must be taken by the first person to recognize the situation. A list of emergency

contacts and the route to the nearest hospital is provided in each site-specific work plan. A copy
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of the emergency telephone numbers and the route to the hospital is to be posted clearly on the

site.

3.3.3  Hazard Assessment

Each day before work begins, the HSC assesses the hazard of each activity to be

conducted on that day. A tailgate safety meeting is to be held to review the personal protection

measures needed to ensure the safety of the workers.

3.3.3.1  New Activity

The HSC is to provide or obtain the needed information for any unusual or new activity

whose health and safety potential has not been evaluated. Such an activity is to undergo a safety

review by a committee consisting of the HSC, the project manager, and affected team members

as necessary. A written report of the review will be prepared by the HSC. A copy of the form to

be used for this report is in Appendix A.

3.3.3.2  Site Safety Meetings

Daily, and before a sampling activity begins, the project manager, the HSC, and all

personnel working on the project meet to discuss site safety. Items for review include potential

physical and chemical hazards, site-specific procedures, required personal protective equipment,

emergency procedures, and staff responsibilities. Forms for conducting the on-site safety

meeting are in Appendix B.

3.3.4  Physical Hazards

3.3.4.1  Mechanical Hazards

Common mechanical hazards exist around heavy equipment (such as drill rigs, electronic

cone penetrometer vehicles, and earth moving equipment), in or around excavations, and in

places where heavy objects might cause injury by falling on the worker. Drilling rig hazards
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include pinch points, rotating parts, tall derricks (because of potential contact with overhead

power lines), and heavy support equipment. Electronic cone penetrometer hazards include pinch

points and the potential for contact with overhead power lines when push rods extend through

the roof of the vehicle. The following requirements pertain to working around mechanical

hazards:

• All personnel must remain a safe distance from the drilling equipment and the

electronic cone penetrometer rig, as indicated by the project manager, when

they are not involved in operating the drill rig or in monitoring activities.

• Workers must remain aware of their own and others’ positions with regard to

rotating equipment and U-joints and be extremely careful when assembling,

lifting, and carrying auger flights or pipe to avoid pinch point injuries and

collisions.

• Workers must not, under any circumstances, enter or ride in or on any

backhoe bucket, material hoist, or similar device not specifically designed for

carrying human passengers.

• Personal protective equipment minimally includes a hard hat and safety shoes.

Eye protection is required where eye hazards exist and is to be worn during all

sample collection.

3.3.4.2  Noise

Drilling operations generate high noise levels near the rig. Hearing protection is required

when personal noise exposure levels are in excess of 85 dBA as a time-weighted average over an

8-hr shift. Guidelines for determining the allowable duration of continuous noise exposure are as

follows:

Hours per Day Sound Level (dBA)

8 85
4 88
2 91
1 94

1/2 97
1/4 100
1/8 115
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Hearing protection must have a manufacturer noise reduction rating sufficient to reduce

noise exposure levels to 85 dBA or less. Hearing protection is to be worn in the proper manner to

assure that the noise reduction rating is effective. As a general rule, hearing protection is required

if workers must shout at a distance of 3 ft in continuous noise or when load impact noise is

expected. All work areas are to be monitored at the initial startup time by using a sound level

meter. A warning is to be issued when noise levels are of concern.

3.3.4.3  Lighting

All field activities are expected to be performed during daylight hours. All operations on

the site will cease at sunset unless the work area is adequately illuminated (to at least 5 foot

candles) with artificial lighting.

3.3.4.4  Fire

A multipurpose (A:B:C) dry-chemical fire extinguisher must be available at every drill

site. Workers must avoid driving over dry grass that is higher than the ground clearance of a

vehicle. Catalytic converters on the undercarriages of vehicles are sufficiently hot to ignite dry

grass. A vehicle with a warm undercarriage must never be allowed to sit in a stationary location

over dry grass or other combustible materials. Several multipurpose (A:B:C) dry-chemical fire

extinguishers are to be available on the site. One will be on the inside wall of each electronic

cone penetrometer vehicle, and the rest will be distributed among support vehicles.

3.3.4.5  Dry Ice

Dry ice is routinely used for holding and shipping soil samples. Dry ice is solid carbon

dioxide at a temperature of -78.5°C (-109.3°F). Contact with skin causes cryogenic burns (severe

frostbite). Dry ice handlers must protect their skin and eyes as appropriate for their level of

exposure to the solid.

Dry ice sublimates (changes directly from a solid to a vapor) at temperatures above

-78.5°C. In a closed space, the carbon dioxide vapor generated can cause asphyxia by displacing

oxygen. Concentrations of carbon dioxide in excess of 1.5% in air can cause death. To protect

against this hazard, ventilate storage areas and transport vehicles.
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In a tightly closed space, gas pressure resulting from sublimation of dry ice can cause

explosion. Provide for relief of pressure when preparing dry ice storage containers and packaging

samples. Know and obey the current dry ice shipping regulations. Carriers and shipping services

impose dry ice weight limits. Safety precautions for dry ice are in Appendix C.

3.3.5  Chemical Hazards

The likely contaminants at former CCC/USDA facilities are carbon tetrachloride and

chloroform. Investigations at these facilities have shown that contamination is typically well

below a level that would present a health hazard to field investigators. Nevertheless, exposure of

field personnel to site contaminants could result from contact with contaminated soil, water, or

vapors. Use personal protective equipment (Section 3.3.9) and adhere to safe work practices to

limit exposure to volatile organics that might be present. Appendix C contains material safety

data sheets (MSDSs) and OSHA guidelines for carbon tetrachloride and chloroform. Appendix C

also contains MSDSs for sulfuric acid and hydrochloric acid, which are routinely used in very

small quantities by field investigators.

If additional chemical hazards are identified at any of the former CCC/USDA facilities to

be investigated, appropriate information about these chemicals will be provided in the site-

specific technical work plan.

3.3.5.1  Carbon Tetrachloride

Carbon tetrachloride is a noncombustible, colorless liquid with a sweet, aromatic,

etherlike odor. Prolonged exposure to high concentrations can cause loss of consciousness and

death due to respiratory failure. Exposure to low concentrations can cause severe gastrointestinal

upset progressing to serious kidney and liver damage. Carbon tetrachloride as a vapor or liquid is

also an eye irritant, causing burning and tearing. The EPA considers carbon tetrachloride to be a

probable human carcinogen. The best estimate of the odor threshold for carbon tetrachloride in

air is 250 ppm.

The OSHA maximum concentration limit for carbon tetrachloride in workplace

breathing-zone air is 10 ppm for an 8-hr workday (time-weighted average) over a 40-hr work

week. A ceiling concentration of 25 ppm may not be exceeded during an 8-hr workday except
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for a 5-min period every 4 hr. The acceptable maximum peak during the 5-min period is 200

ppm.

3.3.5.2  Chloroform

Chloroform is a noncombustible, colorless liquid with a pleasant, sweet odor. This

compound is classified as moderately toxic when exposure occurs orally. Potential health effects

resulting from acute exposure include dizziness, mental dullness, nausea, headache, and fatigue.

Chloroform is a well-known anesthetic. Inhalation can initially induce a warm feeling on the face

and body that is followed by irritation of the mucous membranes and skin. Prolonged inhalation

can cause paralysis accompanied by respiratory failure and eventually death. The EPA

recognizes chloroform as a probable human carcinogen. OSHA cites odor threshold

concentrations in air of 85-307 ppm. OSHA has set a permissible exposure limit of 50 ppm as a

non-exceedable ceiling value in workplace breathing-zone air.

3.3.6  Electrical Hazards

All electrical equipment to be used during field activities must be properly grounded.

Before any 120-V, single-phase, 15- or 20-A receptacle outlet is used, a ground fault circuit

interrupter approved by Underwriters Laboratories must be installed in the outlet. Only qualified

persons may work on electrical equipment, and all equipment must be maintained in safe

condition. Underground electrical utilities must be located before drilling or excavation begins

(Section 3.8).

The drilling rig derrick must be kept at least 10 ft from electrical power lines unless such

lines have been de-energized. Documentation of the date, time, and location of plans to

de-energize lines is to be obtained. De-energizing of power lines may not be conducted by

Argonne or subcontracting personnel.

If work close to buried or overhead power lines cannot be avoided, the Argonne project

manager must verify that the power has been turned off, with the circuit breaker appropriately

locked out and tagged by appropriate facility or utility company personnel, before the work

begins.
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3.3.7  Confined Space Entry Procedures

For the purpose of this health and safety plan, a confined space is defined as any area

having limited space for entry and exit and the potential for the presence of a toxic, explosive, or

oxygen-deficient atmosphere. This definition includes manholes, certain trenches (particularly

those through waste disposal areas), and all test pits more than 4 ft deep in potentially

contaminated soil.

The following procedures and requirements apply to the entry of any confined space:

• No employee may enter any test pit or trench more than 4 ft deep unless the

sides are shored or laid back to a stable slope.

• When an employee must enter a pit or trench 4 ft deep or more, an adequate

means of entry and exit, such as a slope of at least 2:1 to the bottom of the pit

or a secure ladder or steps, must be provided.

• Before a worker enters any confined space, including any test pit or any trench

that might have the potential for the accumulation of toxic gases or vapors, the

atmosphere must be tested. Any employee entering a confined space must be

equipped with an appropriate level of respiratory protection. However, no

employee may enter a confined space if that confined space requires the use of

Level B or Level A protection (Section 3.3.9).

• A Confined Space Entry Permit, Argonne form ANL-614, must be completed

before any confined space entry. This permit specifies additional entry

requirements.

3.3.8  Site Monitoring

All necessary monitoring equipment and supplies are to be available before site work

begins. The HSC ensures that ambient air monitoring is conducted for hazardous materials
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whenever appropriate. The following types of equipment are to be available for monitoring

exposures:

• A field photoionization detector, such as HNu P1-101, OVM 580, or

Mini Rae P10. Lamp selections will include 11.7-eV types. (Carbon

tetrachloride has 90% sensitivity, and chloroform has 60% sensitivity.)

• Carbon dioxide monitor.

• Oxygen meter.

• Combustible gas indicator.

• Draeger pump and detector tubes for carbon tetrachloride (#8101021) and

chloroform (#6728861).

The HSC is to ensure that monitoring is conducted for hazardous materials and noise

whenever appropriate. Calibration and air monitoring results must be documented.

3.3.9  Personal Protective Equipment

Personal protective equipment is selected according to the site characterization, job tasks,

site hazards, and potential employee exposures. Experience and specific-site information

gathered for other former CCC/USDA facilities indicate that the personal protective equipment

to be used during sampling activities will be Level D or Level D modified to include chemical-

resistant coveralls and gloves when potentially contaminated soils are handled. The decision to

upgrade to Level C is to be based on work conditions and concentrations of airborne organic

vapors. Because of low levels of contaminants expected, such upgrades are not anticipated.

No sampling activity that requires Level A or Level B protection may be conducted

by the Argonne team. The appropriate protection requirements are outlined below. Specific

brands and models are not listed because these may change with time.
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3.3.9.1  Level C Protection

Select Level C protection when the type of hazardous airborne substance is known, its

concentration has been measured, criteria for using air-purifying respirators are met, and skin or

eye exposure is unlikely. Monitor the air to comply with OSHA regulations and to ensure

respirator effectiveness. Level C protection includes the following:

• Air-purifying respirator (as directed by the Mine Safety and Health Act and

approved by the National Institute for Occupational Safety and Health)

equipped with an organic vapor cartridge. Cartridges must be changed daily.

• Chemical-resistant (polyethylene coating recommended for protection against

liquid) clothing (one-piece coverall; hooded, two-piece chemical splash suit;

chemical-resistant hood and apron; disposable chemical-resistant coveralls).

• Chemical-resistant inner and outer gloves. (Viton or polyvinyl alcohol is

recommended for handling liquids.)

• Boots, steel toe and shank, chemical resistant.

• Disposable chemical-resistant outer boots, optional.

• Two-way radio communications, optional (intrinsically safe).

• Hard hat, near mechanical hazards.

• Escape mask, optional (respirator).

3.3.9.2  Level D Protection

Level D is primarily work clothing. It should be used only in areas where respiratory or

skin hazards do not exist and where work clothing will not become contaminated with

transferable hazardous materials. Level D protection includes the following:

• Coveralls or work clothing
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• Safety shoes with steel toe (leather or chemical resistant)

• Gloves

• Safety glasses or goggles

• Hard hat, near mechanical hazards

3.3.9.3  Modified Level D Protection

Modified Level D protection is designed for areas where skin and respiratory hazards

might exist because of low levels of contaminants. This level of protection includes all of the

protective equipment listed above, plus the following:

• Chemical-resistant coveralls (polyethylene coated)

• Chemical-resistant gloves during sampling activities (nitrile, Viton, or

polyvinyl alcohol)

3.3.9.4  Noise Protection

Hearing protection equipment is required as indicated in Section 3.3.4.2.

3.3.9.5  Guidelines for the Use of Personal Protective Equipment

Guidelines for use of personal protective equipment are as follows:

• Avoid direct contact with contaminated materials unless contact is necessary

for sample collection or observation. Wear personal protective equipment at

all times.
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• Do not handle contaminated soil, waste samples, or any other potentially

contaminated items without appropriate chemical-resistant, impermeable

gloves.

• Always use the appropriate level of personal protection indicated in the site-

specific procedures. Inadequate levels of protection can allow otherwise

preventable exposure; excessive levels of protection can impair efficiency and

increase the potential for accidents.

• Establish prearranged hand signals or other means of emergency

communication for personnel wearing respiratory equipment, because this

equipment can seriously impair oral communication.

• Nonparticipating visitors to the site, such as nearby property owners and

community residents, are escorted when they are near site investigation

activities. Visitors to the site are evaluated with regard to (1) the reason for the

visit, (2) the length of the visit, and (3) the level of participation in site

activities. Appropriate health and safety actions taken on this basis include

participation in daily safety review meetings and the use of safety goggles,

hearing protection, and other personal protective equipment.

3.3.10  Provision of Services and Equipment

The following services, personal protective equipment, and safety supplies are to be

provided as shown below for the Argonne field team. Argonne-EQO/IH indicates Argonne’s

Office of Environment, Safety, and Health/Quality Assurance Oversight, Industrial Hygiene

organization; Argonne-ER indicates the Environmental Research Division.
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Service/Equipment Provider

Medical evaluation Argonne Medical Department

Respiratory protective equipment,
training, and fit testing

Argonne-EQO/IH

Monitoring equipment and supplies
for evaluation of chemical and noise
exposures

Argonne-EQO/IH and Argonne-
ER

Protective clothing, eye and face Argonne-ER
protection, and hearing protection

Safety shoes, glasses, work clothing Team members

First aid kit Argonne-ER
(approved by Argonne Medical
Department)

Subcontractors are responsible for providing appropriate safety and health-related

equipment and devices for their employees.

3.3.11  Clothing

Discard clothing that is suspected of being contaminated as arranged by the HSC.

3.3.12  Food and Beverages

Eating, drinking, and smoking are prohibited at the work site during sampling activities.

All employees are to wash their hands (and faces if necessary) thoroughly before they eat, drink,

smoke, or chew gum, in order to avoid hand-to-mouth contamination.
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3.3.13  Transportation of Hazardous Materials

Argonne personnel involved in shipping hazardous materials are to follow all applicable

U.S. Department of Transportation regulations. Hazardous materials include the following:

• Dry ice

• Explosives

• Flammable compressed, nonflammable compressed, or poisonous gases

• Flammable, combustible, or spontaneously combustible liquids

• Flammable solids

• Dangerous-when-wet, poisonous, or corrosive materials

• Oxidizers and organic peroxides

• n-Butyl phthalate

• Infectious substances

• Materials whose form, quantity, or packaging presents a limited hazard during

transportation

• Materials having anesthetic, noxious, or similar properties that could cause

extreme annoyance or discomfort to personnel

Direct questions about the shipment of hazardous materials to the Argonne

Transportation Safety Officer at 630-252-5712.
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3.4  Training

All members of the field sampling team must be trained according to requirements of the

OSHA regulation Hazardous Waste Operations and Emergency Response Standard, 29 CFR

(Code of Federal Regulations), Regulation 1910.120.

To maintain maximum flexibility in assigning appropriately trained field teams and to

maximize employee protection in an unpredictable environment, the following specific

requirements apply:

1. All employees directly involved with general on-site field activities must

complete a 40-hr course for workers at hazardous waste sites that includes

both classroom instruction and field exercises (Argonne course 106 or the

OSHA equivalent). Topics covered are to include standard operating

procedures, hazardous physical and chemical exposures, hazard-monitoring

equipment, and emergency response. This requirement extends to both

Argonne employees and subcontractor employees. In addition to the 40-hr

course, three days of on-the-job training are required. Exceptions are

addressed under point 2.

2. Observers at the site or minor participants whose work consists of only

occasional and limited tasks, during which

- Chemical or noise exposures will not exceed permissible limits,

- Respirators and hearing protection will not be necessary, and

- An emergency involving hazardous chemical exposure is not expected to

develop,

must have 24 hr of training for work at a hazardous waste site plus 8 hr of on-

the-job training. On-site security measures must guarantee that these

employees do not enter work areas entailing greater hazard and therefore

additional training requirements. If these employees become general site

workers or are expected to be required to wear or be prepared to wear



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 3-18

respiratory protection (routinely or for emergency response), they are to be

given the additional 16 hr of training required for workers described under

point 1.

3. All Argonne employees in supervisory or management capacities must

complete an additional 8 hr of hazardous waste management training that

includes site-specific information. Coupled with the 40-hr course required

under point 1, this training will prepare team members to function as HSCs.

4. All Argonne employees and subcontractors’ employees who continue to

participate in on-site activities at hazardous waste sites must obtain 8 hr of

retraining annually.

Completion of training is considered when subcontractors are hired. Documentation of

course attendance or its equivalent is required. All requests for exceptions to the immediate

application of these training requirements (such as equivalent training or experience substitutes)

must be submitted by the project manager for consideration by the HSC and by other Argonne-

EQO personnel as appropriate.

3.5  Work Area Designations/Site Control

Conduct sampling activities in a way that minimizes the transfer of hazardous substances

from sampling locations to “clean” areas.

Control access to sampling locations to reduce the possibility of (1) exposure to any

contaminants present and (2) contaminant transport off the site by personnel or equipment.

Reduce or eliminate the possibility of exposure or translocation of substances by (1) setting up

security and physical barriers to exclude unnecessary personnel from the general area,

(2) establishing work zones within the site, (3) conducting operations in a way that reduces the

exposure of personnel and equipment and eliminates the potential for airborne or waterborne

contaminant dispersion, and (4) minimizing the personnel and equipment at the site while

maintaining effective operations.

The exclusion zone  is the contaminated area where sampling activities take place. Mark

this area clearly with lines, signs, or hazard tape, or enclose it with physical barriers such as
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chains, fences, or ropes. The contamination reduction zone is the transition area between the

exclusion zone (the contaminated area) and the support zone (the clean area), where

decontamination takes place. Protective equipment is removed and stored or discarded in this

area. Situate this area upwind of any field activities. The support zone is the uncontaminated area

where personnel are not exposed to hazardous conditions. This zone is clean and contains the

equipment that might be needed in the exclusion zone.

3.6  Medical Monitoring

3.6.1  Medical Program

The medical program for site sampling personnel includes periodic physical

examinations, the components of which are at the discretion of the Argonne Medical

Department. At a minimum these should include annual blood tests, blood pressure and pulse

readings, and heart and lung testing (electrocardiogram and chest X-ray). Because exposure to

chlorinated hydrocarbons is likely, medical monitoring should include liver and kidney function

tests. If any examinations or tests are specifically applicable to planned field work, such as stress

testing or monitoring of the blood for elevated levels of heavy metals, these are to be scheduled

between team members and the Argonne Medical Department before field activities begin.

Subcontractors’ employees are to receive medical services at least equivalent to those

described above from their company physicians.

3.6.2  Heat Stress

In the field, a worker’s heat tolerance is reduced when impermeable clothing is worn, and

his/her physical condition should be observed closely. The following is a summary of the basic

symptoms and treatments field team workers should be able to recognize for heat-stress-related

illnesses.
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Category Symptom Treatment

Heat stroke Hot, dry skin; temperature high
and rising; mental confusion,
loss of consciousness, coma

Immediately and rapidly cool by
immersing in cool water; wrap in
wet sheets and fan with cool, dry
air.

Heat exhaustion Fatigue, nausea, headache,
giddiness; clammy, moist skin;
faint, rapid pulse

Remove to cooler environment;
administer electrolyte
replacement fluids; allow to rest.

Heat cramps Painful spasms of muscles used
during work

Administer electrolyte
replacement fluids; allow to rest.

Sunburn Redness and possible blistering
of the exposed skin

Remove victim from the sun;
apply sun block lotions and lip
balm often to prevent burning.

If heat stress occurs, the employee is to leave the work area, rest in a shaded or air-conditioned

area, cool off, and drink plenty of cool water. The employee is to notify the HSC, and medical

assistance will be obtained if necessary. Personnel wearing protective clothing are to be observed

for signs and symptoms of heat-stress-related illnesses when the ambient temperature is 70°F or

above. The frequency of observation and assessment are to increase as the ambient temperature

increases and as the use of protective clothing increases. To protect workers from heat stress, the

following evaluation and control measures are to be used when appropriate:

• Environmental Monitoring

The air temperature or adjusted dry-bulb temperature will be used as an index

for expressing environmental heat load.

• Work-Rest Regimen

An appropriate work-rest regimen will be developed on the basis of

environmental heat load, work load, and level of personal protective

equipment.

• Physiological Response Monitoring

Physiological response to heat load (e.g., increase in heart rate, body

temperature, skin temperature, and sweat production) will be evaluated as

appropriate.
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• Providing Adequate Water and Electrolyte Supplements

An adequate supply of cool water is to be maintained at the work site, and

electrolyte supplements are to be available as needed. Salt tablets are NOT

recommended.

3.6.3  Cold Stress

Sustained field exposure to low temperatures, especially accompanied by wind or wet

clothing, can cause various degrees of cold stress. The following is a summary of the basic

symptoms field team workers should be able to recognize for cold-stress-related illnesses, with

appropriate treatments.

Category Symptom Treatment

Hypothermia Initial signs: exhaustion,
reluctance to move, trembling

and shivering, false feeling of
well-being, clumsiness, and

loss of judgment

Stop and immediately get to
shelter; attempt to slowly rewarm

the victim (add layers of clothes
or blankets); attempt to get hot,
sweet food or drink into the

victim; seek medical attention.

Frostbite Sudden blanching of the skin;
tingling, stinging, or dull ache in
affected area, followed by

numbness

Place frozen area in warm place
immediately. Do not rub
frostbitten area. Seek medical

attention.

If cold stress occurs, contact the HSC. Obtain medical assistance if necessary.

To protect workers from cold stress, appropriate insulating clothing is to be worn, and the

following evaluation and control measures are to be taken:

• Environmental Monitoring

When the temperature falls below 32°F, the dry-bulb temperature and wind

speed will be evaluated every 4 hr and used as an index for expressing

environmental cold stress. Personnel will be checked routinely for signs of

frostbite.
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• Work-Rest Regimen

An appropriate work-rest regimen will be developed on the basis of

environmental monitoring, work load, and protective clothing.

• Providing Adequate Fluid Replacement

Dehydration can occur insidiously in the cold environment. Therefore, fluids

will be available during breaks.

3.7  Accident Investigation and Record Keeping

Field sampling team members are required to promptly notify the HSC and project

manager of all accidents and known or suspected safety-related occurrences that

• Have a real or potential effect on the safety and well-being of sampling

operations or personnel;

• Have a real or potential impact on the safety and well-being of the

surrounding public;

• Relate to violations of prescribed safety standards;

• Involve “near-miss” occurrences, indicating the need for additional

precautions or corrective action on equipment, systems, or procedures; or

• Could cause adverse public reaction.

If any occupational injury or illness occurs, report the injury or illness to Monte Brandner

(630-252-2885) or David Peterson (630-252-3924) in Argonne’s Environmental Research

Division, as soon as immediate health and safety needs have been met.

All accidents or injuries requiring first aid or medical treatment are to be investigated by

the HSC and, if they involve Argonne personnel, reported to the Argonne Medical Department.

Incidents involving non-Argonne personnel are to be reported to the injured person’s employer.
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3.8  Utilities Survey

Before any subsurface work begins, borehole and well locations are to be surveyed to

determine whether any underground utilities are present. In Kansas, call 800-344-7233

(800-DIG-SAFE); in Nebraska, call 800-331-5666. If overhead power lines are present near a

drilling location, all wires are to be considered live and dangerous. Before the rig mast is raised,

the clearance must be checked to ensure that a safe distance of operation (10 ft) exists between

the mast and overhead lines. The mast is to be lowered when equipment is moved between

locations.

3.9  Decontamination Procedures

Decontamination is a method of minimizing the transfer of hazardous substance(s) from

the survey area to unaffected areas. Decontamination procedures are arranged by the HSC before

field work and sampling begin. The location(s) of decontamination station(s) and the procedures

for decontamination are to be mutually agreed upon by the facility authorities, the HSC, and the

project manager.

3.9.1  Decontamination of Sampling Equipment

Decontaminate all drilling and electronic cone penetrometer equipment (including, as

applicable, auger sections, drill rods, bits, and center plugs) before each monitoring well is

drilled and at the end of each working day. First scrape the equipment and wipe it clean of all

mud, grease, and oil (if present). Thoroughly clean the equipment by using a high-pressure hot

water washer (or a steam cleaner), and rinse the equipment with distilled water.

Decontaminate sampling equipment such as split spoons and stainless steel spoons

according to the following procedure:

1. Scrape and wipe equipment clean of all mud, grease, and oil (if present).

2. Wash and scrub equipment thoroughly with nonionic detergent and water.

3. Rinse with tap water.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 3-24

4. Rinse with distilled water.

5. Repeat steps 2-4, if necessary.

6. Air dry.

7. Wrap dried equipment in aluminum foil for storage.

8. Dispose of contaminated materials as indicated in Section 6.1.5

3.9.2  Decontamination Equipment Checklist

The following decontamination equipment is needed:

• Large containers for drill cuttings and decontamination water

• Five-gallon container(s) of potable water (for decontamination only)

• Soft- and stiff-bristled brushes with long handles

• Detergent (solid or liquid)

• Spray bottles for rinsing

• Paper towels or other disposable cleaning cloths

• Plastic garbage bags (for disposal of solid/hazardous wastes)

• Hand pump sprayer

• Plastic drop cloth
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3.10  Health and Safety Guidance Resources

1. Argonne National Laboratory, Environment, Safety and Health Manual, Argonne National

Laboratory-East (www.aim.anl.gov/manuals/eshman/).

2. Environmental Research Division, Safety, Health, and Environmental Protection Policy and

Procedures Manuals, Argonne National Laboratory (www.anl.gov/ER/manuals.html).

3. U.S. DOE Order 5480.4, Environmental Protection, Safety, and Health Protection Standards

(www.directives.doe.gov).

4. Occupational Safety and Health Guidance Manual for Hazardous Waste Site Activities,

1985, prepared by National Institute for Occupational Safety and Health (NIOSH),

Occupational Safety and Health Administration, U.S. Coast Guard, and U.S. Environmental

Protection Agency, U.S. Department of Health and Human Services (NIOSH) Publication

No. 85-115 (www.cdc.gov/niosh/85-115.html).

5. American Conference of Governmental Industrial Hygienists, Threshold Limit Values for

Chemical Substances in the Work Environment and Biological Exposure Indices, revised

annually (available at www.acgih.org/store/).

6. Lewis, R.J., 1993, Sax’s Dangerous Properties of Industrial Materials: 1993 Update, 8th ed.,

Van Nostrand Reinhold, New York.
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4  Quality Assurance/Quality Control Plan

The quality assurance/quality control (QA/QC) guidelines presented here constitute a

statement of the philosophy and approach to QA/QC to be taken by all Argonne personnel and

subcontractors participating in QuickSite field investigations. All field activities that could affect

the quality of the results were considered during the development of this plan. One of the major

goals of the field program is to generate qualitative and quantitative (where appropriate) data that

reliably identify and characterize environmental problems at each site. It is therefore vital that all

data generated be of known quality, to support decisions concerning environmental actions. Such

an approach ensures that all of the field work activities produce scientifically accurate, defensible

data.

This QA/QC plan is divided into three major parts. Section 4.1 deals with the overarching

data quality requirements inherent in the QuickSite process, including data quality objectives, data

usage, and project organization and personnel requirements. Section 4.2, developed on the basis of

guidance from the EPA, describes QA/QC for specific sampling and analytical aspects of field

work: sample collection, sample analysis, and documentation. Section 4.3 addresses all other

specific areas of field work for which well-defined QA/QC procedures are not generally developed,

including QA/QC procedures for geologic logging, hydrogeology investigations, geophysical

investigations, surveying of sampling locations, and management and storage of computer files.

These procedures are considered by Argonne to be minimum requirements to assure that all data

generated during the entire program are of the highest possible quality.

4.1  Overarching Quality Assurance/Quality Control Provisions

The QuickSite process relies on the interaction of a number of different disciplines to

characterize a contaminated site completely and accurately. Hence, all of the geologic,

hydrogeologic, geochemical, and geophysical data available in the field are acquired, interpreted,

and integrated on the site. Discrepancies between geophysical results, well logs, pump tests,

analytical results, or electronic cone penetrometer (ECPT) soundings must be resolved in the field

to ensure maximum confidence in the final results. All investigation team members must

communicate in a constructive and mutually reinforcing manner to arrive at the most scientifically

defensible interpretation. Final interpretation of all results is made by the project manager.
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4.1.1  Data Quality Objectives

The QuickSite process was developed at Argonne to decrease the cost and time of the

remedial investigation/feasibility study (RI/FS) while producing a high-quality technical

investigation. The process is designed to characterize a contaminant plume’s configuration and

movement. Doing so requires an understanding of the geologic and hydrogeologic controls on

groundwater movement, as well as of the nature and extent of any remaining source of carbon

tetrachloride or chloroform in soils. The QuickSite program uses a multidisciplinary technical

approach that incorporates geology, geochemistry, hydrogeology, and geophysics. The field

activities include sampling, analysis, and borehole and surface geophysical surveys. This work is

typically separated into two phases. Phase II activities are dependent on the results of Phase I.

Therefore, a careful review is required before Phase II begins to evaluate the project’s QA/QC

needs. Because a QuickSite investigation is designed to meet all the requirements of an RI/FS,

the data quality objectives must meet all requirements set forth in guidance from the EPA.

The results from the QuickSite investigation may be used for risk assessment, to evaluate

alternatives for remediation, or to provide data for the development of an engineering design. To

meet these objectives, all of the data provided must be of a quality capable of supporting

scientifically accurate and legally defensible decisions.

Chemical analytical data are generated at several different EPA-defined levels (Table 4.1).

Groundwater samples are screened for parameters such as pH, conductivity, and temperature by

using field instruments (EPA Level I). Both soil and water samples are shipped to the Applied

Geosciences and Environmental Management (AGEM) Laboratory at Argonne for rapid-

turnaround analysis for volatile organic compounds (VOCs) of interest, including carbon

tetrachloride and chloroform, with a gas chromatograph-mass spectrometer (GC-MS) and

modifications of EPA procedures (EPA Level V; Section 6.3). Chemical data generated at these

two levels are used to develop and guide sample collection throughout the entire program. In

addition, a minimum of 10% of the total number of soil and water samples collected are sent to a

second analytical laboratory for verification analysis under the EPA’s Contract Laboratory Program

(CLP; EPA Level IV).

The EPA has assigned no data quality levels for the geophysical, geologic, and

hydrogeologic investigations performed during the QuickSite program. However, the quality of

data generated by these activities is as important to the entire program as is the quality of the
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TABLE 4.1 Analytical levels appropriate to data uses. (Source: CDM 1987.)

Analytical
Level Data Uses Type of Analysis Limitations Data Quality

I Site characterization
Monitoring during

implementation

Total organic/inorganic
vapor detection using
portable instruments

Field test kits

Instruments respond
to naturally
occurring compounds

With instruments
calibrated and
data interpreted
correctly, can
provide indication
of contamination

II Site characterization
Evaluation of

alternatives
Engineering design
Monitoring during

implementation

Variety of organics by
gas chromatography;
inorganics by atomic
absorption; x-ray
fluorescence

Tentative identification;
analyte-specific

Detection limits vary
from low parts per
million to low parts
per billion

Tentative
identification

Techniques and
instruments limited
mostly to volatiles
and metals

Depends on QA/QC
steps used

Data typically
reported in
concentration
ranges

II I Risk assessment
Determination of

potentially
responsible parties

Site characterization
Evaluation of

alternatives
Engineering design
Monitoring during

implementation

Organics and inorganics
with EPA procedures
other than CLP can be
analyte specific

RCRA characteristic
tests

Tentative
identification in
some cases

Detection limits
similar to CLP

Less rigorous
QA/QC than CLP

Can provide data of
same quality as
Level IV

IV Risk assessment
Determination of

potentially
responsible parties

Evaluation of
alternatives

Engineering design

HSL (Hazardous Substance
List) organics and
inorganics by gas
chromatography-mass
spectrometry; atomic
absorption; inductively
coupled plasma

Detection limits in low
parts per billion

Tentative
identification of non-
HSL parameters

Sometimes required
for validation of
packages

Goal is data of
known quality

Rigorous QA/QC

V Risk assessment
Determination of

potentially
responsible parties

Engineering design

Nonconventional
parameters

Method-specific detection
limits

Modifications of existing
methods

Appendix B (CDM 1987)
parameters

Might require method
development or
modification

Mechanism to obtain
services requires
special lead time

Method-specifica

a As a performance-based quality standard, the AGEM Laboratory demonstrates that its modifications of
Level III and Level IV methods meet or exceed the quality standards of the unmodified methods.
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chemical data. Only with a complete, accurate understanding of existing conditions at a site can

effective remedial alternatives be evaluated or designed and risk assessments developed. Therefore,

the third portion of this QA/QC plan describes quality controls and checks imposed on the

geophysical, geologic, and hydrogeologic activities to ensure that all data generated during the

QuickSite process meet the data quality objectives.

4.1.2  Data Usage

All of the data generated during the field activities are carefully integrated to provide a

complete and accurate picture of the conditions at a site. These data are ultimately used to support

decisions about potential remedial actions. The chemical analytical data obtained from the sampling

events are used to define the general water quality underlying the site and to establish the extent of

contamination by VOCs in both soil and groundwater.

Information about the underlying geologic conditions at the site is gathered throughout the

entire program. Existing information from well logs and previous geologic investigations shapes

the initial hypotheses on major geologic features to be investigated. During the investigation, data

for evaluating the local geologic and hydrogeologic conditions are collected through a geologic

investigation using both drilling techniques and the ECPT.

Geophysical investigations provide additional and confirmatory details about local geologic

and hydrogeologic conditions. Such data aid in formulation of an integrated geologic-

hydrogeologic picture of the site that supports decisions about sample collection and well

placement.

The coordinates of each sample location are surveyed to provide the most accurate picture

of subsurface geologic controls and contaminant distribution. Surveying the locations of

geophysical investigations and existing wells is necessary to verify and support geologic

interpretations. Data such as the elevations and locations of pumping wells provide additional

information about the local hydrogeologic conditions.

Integration of all of these data provides necessary information about the nature, location,

and extent of the contaminant plume and subsurface conditions controlling contaminant migration.

Only when the results of all the field activities are properly evaluated and integrated are

recommendations made for remediation of contamination.
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4.1.3  Project Organization and Responsibility

The following responsibilities are identified in QuickSite investigations:

• Project Manager

An Argonne senior staff member serves as the principal contractor and manager

for all on-site activities. This person must have extensive training and

experience in geology, geophysics, sampling, and analytical procedures and

protocols. This person is responsible for ensuring that QA/QC requirements are

met for all disciplines.

• Project QA /QC Coordinator

An Argonne staff member serves as the principal QA/QC coordinator for on-site

activities. This person is also responsible for analytical data reduction and

assists team members in interpretation of analytical results reported in data

packages.

• Project Health and Safety Coordinator

The field work planned for any given CCC/USDA site may involve multiple

and diverse technical teams (e.g., geophysics, sample collection, geology,

surveying). An Argonne staff member with the proper OSHA and industrial

hygiene training serves as the principal project HSC for on-site activities.

4.2  Quality Assurance/Quality Control for Sampling and Analysis

Quality in sampling and analysis is assured through documentation of activities,

performance audits, system audits, and periodic evaluations of QC procedures. The project QA/QC

requirements can be satisfied through periodic and final reviews covering all aspects of sampling,

field measurements, chemical analyses, data collection, data reporting, periodic instrument

calibrations, routine maintenance of analytical equipment, calibration of analytical instruments, and

standardization procedures in analyses. In addition, technical review of the results ensures that the

stated objectives of the project are met.
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The identification, cause, and corrective action for conditions significantly adverse to

quality are to be documented and reported to the project manager and QA/QC coordinator.

Examples of conditions that are adverse to the intent of faithful implementation of QA/QC

procedures are deficiencies in the use of procedures or instructions, failure to implement corrective

actions in response to a nonconformance report, and unexpected loss of or damage to

documentation. Corrective action is to be implemented in a timely manner. Actions taken to correct

problems or deficiencies in the field (during sampling) and in laboratory analyses are to be

documented and described in the QA portion of the sampling and analysis report.

4.2.1  Field Quality Assurance/Quality Control

4.2.1.1  Sample Collection

Two criteria that must be met in sampling are (1) that the samples must be a genuine

representation of the conditions prevalent at the site and (2) that adequate numbers of samples

must be available for a meaningful characterization of the site, in the judgment of the project

manager. In some cases, it might not be possible to collect samples from an intended location

because of constraints in obtaining access. In such cases, alternate or additional samples may be

collected, as appropriate, from more easily accessible areas without compromising the original

objectives of the work. To contain costs, some samples collected in the sampling activity might not

be analyzed. However, no fewer than 90% of the samples submitted for analysis are to be

analyzed. If original samples submitted for analysis are accidentally lost, backup samples (if

available) may serve as substitutes.   

4.2.1.2  Field Instrument Calibration Procedures

The project manager, in conjunction with team members, ensures that instruments used for

field measurements are properly calibrated, reliable, and in proper working order. The typical field

measurements are temperature, pH, and electrical conductivity determinations of water samples.

Calibration information documented in the sample logbook for each instrument includes the

instrument’s name and model or serial number, the date of calibration and calibration method, and

the signature of the person performing the calibration. The logbook is to contain dated, signed

entries for all field measurements.
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4.2.1.3  Field Blanks, Field Rinsates, Field Replicates, and Trip Blanks

Quality control samples collected as part of the field sampling activity include field blanks,

field rinsates, field replicates, and trip blanks. The first two types are samples of waters used for

decontamination of field equipment. Field replicates provide a measure of consistency in both

sampling and analytical methodologies. Trip blanks are included in shipments of samples for VOC

analysis to demonstrate that contamination of samples has not occurred during shipment. The

nature and frequency of these types of samples are as follows:

• Field Blanks

A field blank is collected as a sample of the water used in the field for the

decontamination procedure described in Section 3.9.2. This water is obtained

from an uncontaminated source in the field or is transported to the field

expressly for decontamination and other sampling activities. Blanks of other

materials that might affect sample integrity are also collected as necessary. Field

blanks are analyzed for VOCs.

• Rinsates

Some equipment (e.g., sampling bailers) is used repeatedly in sampling

activities. It is essential to decontaminate this equipment after each use to assure

that repeated use does not result in cross-contamination of samples. A rinsate

sample consists of water rinsed over a piece of sampling equipment after it has

been cleaned and decontaminated. Rinsate samples are collected with a

frequency of one sample per 20 pieces of equipment cleaned, with a minimum

of one sample per cleaning session. All rinsate samples are analyzed for VOCs.

• Trip Blanks

Trip blanks are prepared at the AGEM Laboratory or in another suitable

uncontaminated area. The blank sample is shipped to the laboratory along with

the field samples for VOC analysis. The recommended frequency for trip blanks

is one per ice chest shipped. Trip blanks are analyzed only for VOCs.

• Field Replicates/Split Samples

Field replicates of soil, water, and vegetation samples are used to verify

consistency in the sampling methodology and the reproducibility of the
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analytical results. The frequency is one for every 10 samples collected. All field

replicates collected are analyzed.

4.2.2  Laboratory Quality Assurance/Quality Control

4.2.2.1  Laboratory Duplicates

Section 4.2.1.3 describes the collection of field replicate samples during sampling

activities. The field replicates serve, in part, to verify the reproducibility of the analytical results.

As a further verification of analytical reproducibility, the analytical laboratory selects some samples

for duplicate analysis.

4.2.2.2  Volatile Organic Analysis

Samples collected for VOC analyses are shipped to the AGEM Laboratory for immediate

analysis with a GC-MS and modified EPA procedures (described in detail in Section 6.3).

Analysis of the samples is prioritized in consultation with the project manager, so that the results

can be used to optimize decision making in the field. Water samples are analyzed by using

modifications of EPA Methods 5030B and 8260B (purge-and-trap method by GC-MS). Soil

samples are analyzed by using a modification of EPA Method 8260B (Level V). Vegetation

samples are analyzed with a modification of EPA Method 5021 (headspace analysis by GC with

electron capture detection [GC-ECD]).

In reviewing the analytical results, QA/QC procedures are verified in these laboratory-

related areas: chain-of-custody records for samples, storage of samples, storage of sample extracts,

holding times before analyses, calibration and maintenance of analytical instruments, performance

standards of the instruments (reproducibility, standards, spike recoveries, etc.), and logbooks. The

verification involves thorough evaluation of laboratory practices and procedures, audits of

logbooks, and review of data packages (both original and reduced forms of data) by the project

QA/QC coordinator. The results of this evaluation, in keeping with EPA guidelines (EPA 1994),

are presented in the QA portion of the sampling and analysis report.

A minimum of 10% of all water and soil samples collected at a site are to be shipped to an

EPA-certified laboratory for a second analysis to verify the results obtained by the AGEM
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Laboratory. Samples are selected for verification analysis on the basis of the AGEM Laboratory’s

results. The selected samples are to have a wide range of carbon tetrachloride values (from below

the detection limit to high concentrations) to allow comparison of the analytical methods over the

range of concentrations found. In addition, groundwater samples that support the final delineation

of the plume are to be submitted for verification analysis by the second laboratory. Water samples

are analyzed by the second laboratory according to the EPA CLP SOW 2/88 (EPA 1989b). Soil

samples are analyzed by using EPA Method 8260B, Revision 4, January 1998, as referenced in

the EPA’s SW 846 (EPA 1998b). Each sample subjected to verification analysis by the second

laboratory is to be accompanied by complete CLP documentation.

4.2.2.3  Other Analyses

Selected samples might be subjected to other analyses (unrelated to site contamination) to

aid in development of the site hydrogeologic model. Groundwater samples might be selected for

inorganic or tritium analysis to aid in characterization of groundwater geochemistry. Soil samples

might be selected for analysis of physical parameters such as particle size, bulk density, or percent

moisture. These analyses are conducted by certified laboratories with accepted procedures. The

analytical methodologies used and results of a review of QC procedures for these analyses are

presented in the sampling and analysis report as necessary.

4.2.3  Quality Assurance Records

Records that document quality must be assembled and maintained. Records are to be

legible, identifiable, and retrievable and must be protected against damage, deterioration, or loss.

Such QA records pertain to all activities related to the sampling and analysis work at the

CCC/USDA sites. The QA records include soil boring logs, well completion logs, daily logbook

entries, sample logbooks, sample labels, and chain-of-custody records.

4.2.3.1  Field Notes

All field notes relating to the collection of samples are to be recorded in permanent ink in a

bound, numbered notebook. Notes provide information on the sampling conditions and sample

handling and collection methods. The sample identification number, the date and time of sampling,

the place of collection (with a simple hand-drawn location map), the weather conditions at the time
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of sampling, and any measurements made by field monitoring equipment are the minimal data

recorded. Each entry is to be signed by the sampler. See Appendix D, Section D.1.3, for more

information.

4.2.3.2  Labels

A sample label is affixed to each sample container to identify the sample. Sample labels are

discussed in Appendix D, Section D.1.4.

4.2.3.3  Chain-of-Custody Records

A chain-of-custody record is maintained to track the possession of the samples from the

time of collection to the time of delivery to the analytical laboratory. The chain-of-custody record is

discussed in Appendix D, Section D.1.5.

4.2.4  Analytical Data Reduction, Validation, and Reporting

4.2.4.1  Data Reduction

All notebooks, logbooks, and related records (for both sample collection and sample

analysis) completed during the conduct of the individual tasks are submitted to the QA/QC

coordinator for storage with the project files. The analytical results, with all pertinent information

about sample locations and sampling conditions, are entered into a computer file for integration

with other activities and presentation in the final report.

4.2.4.2  Data Validation

If QC limits are exceeded by the analytical laboratory, all data from the associated batch of

samples must be thoroughly scrutinized. If no analytical problems are found, the data and out-of-

control point are discussed in the QC section of the site-specific report. If problems with the

analytical data are found, the samples associated with the batch are to be reanalyzed, and the data

from the reanalysis are reported. If holding times defined in the procedure for the reanalysis are

exceeded, both sets of data are to be reported.
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In the final report, all sample data are presented along with detection limits and

concentrations found.

4.2.4.3  Data Reporting

For all analyses, the laboratory report is to show, at a minimum, traceability to the sample

analyzed. The report is to contain the following information:

• Project identification

• Field sample number

• Laboratory sample number

• Sample matrix description

• Date of sample collection

• Date of sample receipt at the laboratory

• Analytical method description

• Individual parameter results

• Date of analysis (extraction, first runs, and subsequent runs)

• Quantitation limits achieved

• Dilution of concentration factors

• Corresponding QC report (to include method blanks, blanks/spikes, and

continuing calibrations)

• Raw chromatogram data
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• Chain-of-custody form

• Case narrative (where appropriate)

4.3  Quality Assurance/Quality Control for Other Field Activities

4.3.1  Quality Assurance/Quality Control for the Geology Investigation

The approach to maintaining quality in defining the local geologic and hydrogeologic

conditions at a site is described here. The discussion includes the review of existing data, on-site

drilling, and ECPT investigation. Primary responsibility for QA/QC in the geology investigation

rests with the project manager.

4.3.1.1  Review of Existing Data

Available geologic logs for all wells, borings, and test holes within the immediate area of

the CCC/USDA site (within at least a one-mile radius) are studied. These geologic logs normally

include detailed state geological survey data and less detailed drillers’ descriptions of formations.

From these data, marker stratigraphic units are identified and geologic cross sections drawn. From

the geologic logs and cross sections, an initial stratigraphic and hydrostratigraphic understanding

of the area is interpreted by trained, experienced geologists.

4.3.1.2  Drilling and Electronic Cone Penetrometer Investigations

The initial (Phase I) field investigation focuses on confirming or modifying hypotheses

about the stratigraphic sequence, as well as identifying the water-bearing units. The information is

gathered by drilling a continuous core hole at or near the former CCC/USDA grain storage facility.

The core is initially logged in detail by at least two Argonne geologists. The log records include all

the information identified in Section 4.3.1.3. The geologic logs are recorded daily and then turned

over to the senior geologist for confirmation and evaluation against the existing data. The core is

retained for the duration of the field activity. If the core needs to be retained longer, it is placed in

core boxes for further examination and testing and is properly catalogued.
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Aside from the drilling program, the ECPT is used to collect additional data and

information. Maintenance and calibration of all ECPT equipment is to be in conformance with the

standard operating procedure for the specific equipment used. Calibration of the ECPT is to be

performed when field work begins for each site. In addition, recalibration of the system is required

if any extremes in temperature occur, as well as at the end of the field program. The ECPT cone is

calibrated by using National Institute of Standards and Technology standards, and a log is kept of

each calibration. The geologic log and drill hole serve as the control for interpreting both

geophysical logs and ECPT physical measurements and probe sensor data through comparison of

the results with the known geologic stratigraphy. The geologic log is the initial control for

geophysical and ECPT logs, which might provide more detail on individual stratigraphic horizons

than do the logs of visible geology. The additional data in geophysical and ECPT logs are

particularly important with respect to variations in clay, silt, and sand contents within a

stratigraphic unit. Incorporation of all logging results into the known geologic control establishes

the geologic and hydrostratigraphic sequence for subsequent investigations at a site.

During the subsurface sampling activity of each investigation, additional core drilling might

be carried out where subsurface confirmation of the stratigraphic sequence is required. Downhole

geophysical logging of the drill hole is also performed when possible. At some drill hole sites, an

ECPT boring is completed to compare downhole ECPT responses with the core and geophysical

logging data. Variations in the details of the sequence are highlighted, and new geologic cross

sections are drawn showing any lateral or vertical changes. On average, five or six core holes are

drilled to collect soil and groundwater samples at depths beyond the capabilities of other subsurface

sampling equipment. Electronic logging is typically performed adjacent to these core holes. An

ECPT boring is to be completed at a minimum of two of the core hole sites. The data generated

during the ECPT work are sent to a data acquisition system on the ECPT truck for processing and

storage. Hard copies and computer backups of the data for each location are provided to the site

geologist.

In the areas between core holes, surface geophysical measurements, if technically

appropriate, are made to demonstrate the continuities and discontinuities of the major stratigraphic

boundaries or units. In addition, where the ECPT is used to collect subsurface samples, both

physical and geophysical probe sensors may be used to refine the descriptions of geologic units. At

all of the sample sites, however, total thrust pressures are recorded and used in an attempt to

identify major stratigraphic boundaries and units.
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4.3.1.3  Soil Boring Logs

Soil and rock materials encountered during drilling activities are recorded at the time of

drilling by a qualified geologist. Soils are classified by using the modified Wentworth-Udden grain

size scale and Burmeister’s descriptive terms for soil, combined with regular sampling of sandy

materials for grain-size analysis. All necessary information is recorded on the boring logs.

Standard borehole log forms are used. Details are in Section 6.4.1.5.

4.3.2  Quality Assurance for the Hydrogeology Investigation

This section addresses all hydrogeologic operations involved in a QuickSite investigation,

including construction of monitoring or aquifer pumping wells, water level monitoring, and in situ

aquifer testing. The quality objective of the hydrogeology program is to design and conduct

effective and appropriate hydrogeologic measurements. Primary responsibility for QA in the

hydrogeology investigation rests with the project manager.

4.3.2.1  Selection of Subcontractors and Instrumentation

Before field operations begin, the project manager defines the nature and extent of

hydrogeologic data required to satisfy the site characterization objectives.

To participate in the hydrogeology investigation, the project manager identifies

subcontractors having verifiable records demonstrating reliability and appropriate expertise in their

disciplines.

All drilling subcontractors must be licensed by the relevant state to drill and install

monitoring and drinking water wells. The project manager verifies that all necessary drilling

permits and licenses are obtained before field work begins.

The project manager identifies the equipment needed to meet the objectives of the site-

specific work plan and is responsible for proper preparations before the field operations begin,

including details about the equipment, the prescribed calibration procedures to be followed in the

field, and procedures for contacting the equipment manufacturer in case problems arise in the field.
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4.3.2.2  Data Acquisition

During the field operations, the quality of the data acquired is assured by rigorous

monitoring of the selection of locations to be surveyed, the calibration of instruments and

equipment, and the recording of data.

Selection of Locations

The project manager, in conjunction with the site hydrogeologist and the site geologist,

selects locations for investigation that will provide information useful for the overall program. The

project manager ensures that these locations are correctly identified and flagged for coordinates

surveying, that the surveyors are made aware of all hydrogeologic investigation locations to be

surveyed, that these locations are recorded, and that the data are transmitted to the appropriate

computer personnel.

Calibration of Instruments and Equipment

The site hydrogeologist ensures that each instrument is maintained within the calibration

limits specified by the manufacturer. The water level measuring, pressure sensing, and data

recording devices employed for QuickSite investigations cannot be calibrated in the field; special

equipment available only to the instrument manufacturer is required. The project manager, in

conjunction with the site hydrogeologist, therefore must ensure that instrument checks, as outlined

in Appendix E, Section E.1, are performed in the field to verify that all instruments are in proper

working order at the time of use. The hydrogeologist is to record the date, time, and results of the

instrument checks.

Recording of Data

The project manager, in coordination with the site hydrogeologist, ensures that data are

collected according to the standard operating procedures described in this Master Work Plan. The

hydrogeologist records the date and time at which field data are acquired, the model number and

serial number of the equipment used to collect the data, and the personnel operating the equipment.

The hydrogeologist further certifies that the standard operating procedure for the particular method
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used was followed. Variances from the standard operating procedure are to be noted and

explained.

Water level records are accompanied by all necessary supporting data. The supporting data

include the following:

• Project identification

• Monitoring point identification

• Time of measurement

• Date of measurement

• Type of measurement or test

• Description of reference datum

• Recorder’s name

• Weather conditions at the site

4.3.2.3  Well Construction

The project manager ensures that well construction is completed in accordance with state

and federal requirements, as described in detail in Section 6.4.

4.3.2.4  In Situ Aquifer Testing

The project manager, in conjunction with the site hydrogeologist, identifies the most

appropriate aquifer tests for achieving the investigation’s objectives and on this basis determines

equipment and logistic requirements. Information on hydrogeologic testing is in Section 6.7.
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4.3.3  Quality Assurance for the Geophysics Investigation

This section addresses all geophysics operations involved in the QuickSite investigation,

including seismic, electromagnetic, and borehole geophysical surveys. The quality objective of the

geophysics program is to acquire, process, and interpret geophysical data that are scientifically

valid and are meaningful to the interpretation of the geologic and hydrogeologic features of the site.

The primary responsibility for QA in geophysics operations rests with the project manager. The

site geologist is responsible for reviewing the interpreted geophysics results in a timely manner and

reporting inconsistencies between the geophysical data and geologic/hydrogeologic data derived

from other sources, such as well logs and ECPT readings.

4.3.3.1  Selection of Methods and Equipment

Before field operations begin, the project manager, in conjunction with the site

geophysicist, determines which geophysical methods are most appropriate for the site. The site

geophysicist is responsible for mapping physical properties that will produce information germane

to the overall goals of the investigation, as defined by the project manager. When appropriate

techniques have been selected, the project manager and the geophysicist develop a plan for field

activities to be integrated with other operations.

The project manager, in conjunction with the site geophysicist, identifies the equipment

needed to meet the objectives of the site-specific work plan and ensures that the necessary

equipment is tested for proper operation before field work begins. The geophysicist records the

model number and serial number of each piece of equipment, the prescribed calibration procedures

to be followed in the field, and procedures for contacting the equipment manufacturer in case

problems arise in the field.

4.3.3.2  Data Acquisition

During field operations, the quality of the data acquired is assured by rigorous monitoring

of the selection of locations to be surveyed, the calibration of instruments and equipment, and the

recording of data.
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Selection of Locations

The project manager, in conjunction with the site geophysicist and the site geologist, selects

locations for geophysical surveys that will provide information useful for the overall investigation.

The project manager ensures that these locations are correctly identified and flagged for coordinates

surveying, that the surveyors are made aware of all geophysical investigation locations to be

surveyed, that these locations recorded, and that the survey information is transmitted to the

appropriate computer personnel.

Calibration of Instruments and Equipment

The site geophysicist ensures that all instruments are maintained within field calibration,

according to the specifications provided by the equipment manufacturer, on the schedule given in

the standard operating procedure for that instrument (see Section 6.6). The geophysicist records

the date and time at which each instrument is calibrated, the instrument’s model number and serial

number, and the calibration method. Any variance from the standard operating procedure, either in

the scheduling or method of calibration, is also recorded.

Recording of Data

The project manager, in conjunction with the site geophysicist, ensures that data are

collected according to the standard operating procedure established for each survey method. The

geophysicist records the date and time at which field data are acquired, the model number and serial

number of the equipment used to collect the data, and the personnel operating the equipment and

certifies that the standard operating procedure for the particular method used was followed.

Variances from the standard operating procedure are noted and explained.
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4.3.3.3  Data Processing

Validation of Processing Software

The site geophysicist ensures, through the use of standard benchmarks, that the software to

be used for processing geophysical data is operating properly and certifies the validation of the

processing software before data processing begins.

Selection of Processing Steps

The site geophysicist is responsible for selecting the steps to be used in processing

geophysical data. Any variances from the standard operating procedure for a given geophysical

method are to be recorded and justified. The site geophysicist is also responsible for ensuring that

geophysical data are processed according to the specified procedures.

4.3.3.4  Data Interpretation

The geophysical data are interpreted by the site geophysicist, in consultation with the

project manager and other team members. The project manager, in conjunction with the site, is

responsible for ensuring the scientific validity of the final results and for quantifying the error

associated with the geophysical data. The geophysicist records the initial interpretations of

geophysical data, any reprocessing performed to refine the interpretations further, and the final

interpretations.

4.3.4  Quality Assurance of Spatial Control Procedures

Spatial control is maintained by integrating in-house resources and professional coordinates

survey data. The horizontal and vertical surface locations of data collection and other significant

points are determined through a survey by a registered surveyor. The horizontal survey is tied to

recognized reference points in the state plane or to another coordinate system appropriate to the

study region. Elevations are derived from recognized benchmarks and reported in feet above mean

sea level.
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Argonne cartographers use feature coordinates to tie base maps created for field use into the

formal grid system. These maps, based on U.S. Geological Survey 1:24,000 quadrangle maps,

aerial photographs, and other available resources, are computer drawn by using equipment

described in Section 6.8. Computerized field maps showing activity locations and analytical and

interpretive data are updated throughout the field event. Target locations are marked in the field and

temporarily referenced to landmarks by direct measure.  

When characterization efforts are complete, the surveyor formally surveys locations

targeted by Argonne personnel. Argonne personnel normally visit each location with a

representative of the survey crew. The locations are otherwise to be described in sufficient detail

for the surveyors to identify the positions easily. The surveyor is to deliver a list of target location

coordinates identified by using the project’s field notation system. The following items are also

made available to provide a means of detecting gross errors in the coordinates list (such as

misnaming of a location) through comparison with investigation maps, measures, and other field

records:

• A scaled plot of surveyed points

• A base map marked with field-sketched approximate locations of all surveyed

points

• A description of the approximate locations of surveyed points, consisting,

where appropriate, of horizontal ties of sampling points to features on the base

map

After the field effort, the coordinates of data collection points provided by the surveyor are

reviewed and entered into a computer mapping system. The coordinates are layered by location

type and used to create the desired plots.

The global positioning system (GPS) may be used as an alternative or adjunct to the

conventional survey. If GPS is used, the project manager assigns responsibility for assuring that

the equipment is maintained and operated properly to team members with a thorough understanding

of the principles underlying GPS, who are familiar with the procedures used to determine positions

in an appropriate coordinate system and have been trained and are experienced in the use of the

instrumentation and equipment. The GPS surveys are to be calibrated to and compared with known

points. The team members are to ensure that appropriate supporting software (e.g., baseline
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solution and datum transformation software) is used. Written logs detailing GPS activities are to be

maintained and archived along with other field logs.

4.3.5  Quality Assurance for Computer Records

Computer records are computer files that contain either data acquired in the course of site

characterization or the results of processing and interpreting these data. The primary quality

objective with regard to computer records is to maintain the security and integrity of

characterization data, from initial acquisition through final archival, while providing

characterization team members with ready access to information contained in the computer records.

The project manager designates a site computer specialist who is responsible for verifying

that computer records of field data are assembled and maintained according to the QA standards

defined in this section. Each team member who is involved in acquiring computer-recorded field

data is responsible for recording original computer records according to the procedures defined in

Section 4.3.5.1 and for making these records available to the site computer specialist in the

prescribed formats.

After field data have been verified by the site computer specialist, the members of the

computer group are responsible for notifying that individual immediately of any problems that

could compromise the quality of computer records.

4.3.5.1  Field Data

The following are requirements for field records that are generated, stored, or transferred in

the form of computer files. This includes both data recorded directly by means of computer

systems — such as geophysical well logs, seismic recordings, and electromagnetic soundings —

and data transferred to computer systems for analysis and/or storage — such as survey

information, geologic well logs, processed geophysical data, and transcribed chemical analysis

data.
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Original Records

The primary QA concern with regard to original field data is that accurate, secure copies of

all data are preserved and that no data are lost or altered because of mishandling or computer

system failure.

Any original records that are entered directly onto a computer hard disk or memory are to

be backed up onto a removable storage medium, such as floppy or cartridge discs, tapes, or

compact disks, and these copies are to be handled as original or master data files. If the original

recording is made on a removable medium, these originals are to be considered to be master files,

and all further processing of the data is to be done with working copies made from these master

files.

Transcribed Data

Field data that are transcribed from written form into computer files, such as survey

coordinates, analytical results, or geologic logs, are to be checked and verified for accuracy at the

time of transcription by the site computer specialist. Following verification, a copy of the computer

file is to be saved on a removable medium as a master file, together with copies of paper records

from which the master files were transcribed. These master files are then handled in the same

manner as original master data files.

Master Data Files

Master data files, defined as either original data recorded on transportable media or

transcriptions of original data onto transportable media, are to be stored in a secure work or storage

location that is separate from working copies of these files. Copies of original supporting

paperwork, such as field notes, laboratory reports, observer reports, and paper logs, are to be

maintained with the master data files, either in the form of duplicate paper copies or as digital

images. Master data files are to be labeled in a manner that includes the site location.

If corrections are made to original paperwork that has been used to generate a master file,

the team member initiating the change is responsible for informing the site computer specialist,

who then verifies the correction of the original master file.
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4.3.5.2  Data Processing

To ensure that master data files are not altered or damaged, all processing of field data is

performed by using duplicate copies of master files for input, not the master data files. Quality

assurance of processed data consists of ensuring (1) that processing is conducted with approved

methods for preserving data integrity throughout the processing sequence and (2) that processed

data are quickly made available to technical team members for review and verification. The QA

procedures are discussed below.

Testing of Hardware and Software

All hardware, software, and processing sequences to be used in processing field data are to

be tested before field operations begin. Testing of any new system, program, or sequence of

programs involves processing benchmark data sets and verifying that the new results are consistent

with results obtained through established methods. If no comparable results have been produced

previously, the new processing results are to be verified through review by the appropriate

technical team members.

Data Processing Standards

Data are to be processed by technical or computer group personnel using benchmark-tested

software and systems. Documentation of software used in processing is to be maintained and

available for reference. The site computer specialist is responsible for keeping track of software

and upgrades that meet quality standards and for providing documentation of software.

Field data are initially preprocessed into a common format that can be imported to

processing, display, and database programs. This normally is a spreadsheet format, except in the

case of certain surface geophysical data, for which industry-standard formats are specified. Data

from these files are imported to analysis and display programs such as LogPlot and MapInfo to

produce graphic displays of results in the field. Results are submitted to technical team members

for validation.
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During all stages of data processing, records are to be backed up daily on a storage medium

that is independent of the computer on which the processing takes place. This medium may be an

external hard disk, a removable disk, a floppy disk or cartridge, or a tape.

Review and Correction of Errors

To minimize errors in processed field data, processing results are circulated for review by

team members. Where possible, results are presented in graphic format to facilitate review and

detection of errors. Maps are distributed showing the locations of field activities, such as soil

borings, cone penetrometer sites, and water samples. Analytical results are normally in the form of

listings, but values are also shown on maps and cross sections where possible. Subsurface

geologic and hydrologic data are displayed in the form of well logs and cross sections. Surface

geophysical data are displayed in map and/or cross-section form, as appropriate. These displays

may be made from interim or temporary processing results, provided that all displays indicate the

version and/or date of the processing file from which the display was generated.

Team members are responsible for notifying the site computer specialist immediately of any

erroneous or inconsistent results in graphic displays. Corrections to master data files are to be

documented and approved by the site computer specialist, according to the procedures in

Section 4.3.5.1.

4.3.5.3  Final Data Processing Results

Whenever final results of data processing are reported in a form other than listings of raw

field data, the computer files that generated these results are to be saved with appropriate labeling to

indicate a final result. This includes files that generate graphic displays, database files, spreadsheet

listings, and AutoCAD or MapInfo maps, for example.

4.3.5.4  Quality Control Tracking

At various stages in the acquisition, processing, and reporting sequence, data files are to be

processed into database formats for compilation and display. Processing of data is to be

coordinated by the site computer specialist to ensure that only accurate data are included.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 4-25

4.3.5.5  Data Archival

All master data files, files of final results, files of significant intermediate or auxiliary

results, and copies of databases are to be archived in permanent storage, together with supporting

paperwork and documents. Archival material is to be on a removable medium that is stored in

addition to data saved on standard backup systems.
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5  Community Relations Plan

Argonne has developed this model community relations plan to provide overall guidance

for facilities where a QuickSite® investigation is performed. The actual site-specific community

relations plan for each community varies somewhat to accommodate issues or characteristics that

are unique to that community.

5.1  Model Community Relations Plan

The community relations plan for each specific site consists of the following sections:

1. Site description

2. Community background

3. Community relations objectives

4. Timing of community relations activities

5. Contact list of key officials

5.1.1  Site Description

The site description section discusses the location of the community (with reference to a

map) and the history of site use and ownership and provides a brief summary of events relating to

the groundwater contamination and actions taken to date.

5.1.2  Community Background

The community background section includes a community profile, a history of community

involvement, and key community concerns.
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5.1.3  Community Relations Objectives

The community relations objectives section of the community relations plan has six major

objectives:

1. Explain the QuickSite® investigation plans of the CCC/USDA and provide

general information about the program in order to gain community acceptance.

2. Inform the local community of the investigation’s findings and developments.

3. Respond to citizen inquiries about site activities and the presence of health

and/or environmental hazards.

4. Ensure that the public has appropriate opportunities for involvement in site-

related decisions.

5. Identify, on the basis of community interviews, appropriate activities that will

ensure such public involvement.

6. Provide appropriate opportunities for the community to learn about the site.

5.1.4  Timing of Community Relations Activities

The section about timing of community relations activities identifies the numerous activities

needed to meet the objectives of the community relations plan. Many of these activities need to take

place before field work begins. The QuickSite® investigation milestones and planned community

relations activities are discussed below.
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5.1.4.1  Activities before Field Work Begins

The CCC/USDA and Argonne provide for the conduct of the following community

relations activities, to the extent practicable, before field work begins:

• A point of contact is designated for Argonne. The individual is Argonne’s

liaison with the community regarding implementation of the community

relations plan.

• Upon obtaining approval from the CCC/USDA to do so, Argonne makes initial

contact with leaders of the community government to explain proposed

QuickSite® activities and schedules.

• Argonne, in coordination with community leaders, makes arrangements to

conduct discussions (by telephone and in person) with local officials, residents,

public interest groups, or other interested or affected parties, as appropriate, to

determine their concerns and information needs and to learn how and when

citizens would like to be involved in the QuickSite® process. This activity can

accomplish the following specific tasks:

- Develop a list of names, addresses, and telephone numbers of local officials,

interested citizens, and any local news media.

- Identify an information repository, as agreed by community leaders.

- Identify wells near the site that could be used for sampling.

- Discuss access issues.

- Learn of any physical or legal constraints or barriers to investigation plans.

• Upon completion and approval of the formal, site-specific work plan, Argonne

requests the assistance of local community leaders in arranging a meeting or

meetings between appropriate CCC/USDA, Argonne, and community officials;

interested citizens; and any local news media. State and EPA officials should
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also be invited. The purpose of the meeting(s) is for the CCC/USDA and

Argonne to accomplish the following:

- Describe the site location and problem.

- Explain why action is required (legal, health, other issues).

- Explain what the CCC/USDA and Argonne hope to accomplish through the

investigation.

- Describe the site-specific work plan and its schedule in detail, including staff,

contractors, and equipment to be on the site.

- Introduce key staff people, including points of contact (telephone numbers

and addresses).

- Present the CCC/USDA-Argonne communications plan to be followed during

all phases of the investigation.

- Seek input and answer questions from the community regarding the

investigation and the communications plan.

- Discuss any access issues/problems that might need to be addressed.

- Announce the location of the information repository.

- Update the list of names, telephone numbers, and addresses of public

officials, interested citizens, and any local news media. This list can be used

to distribute information at various phases of the QuickSite® investigation.

• Argonne makes every effort to ensure that individuals living just outside

community boundaries are provided with information about the investigation.
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• Argonne establishes an information repository and an administrative record file.

The repository is to be available for public inspection and copying and includes

the following:

- The contact list of key officials (names, telephone numbers, and addresses of

the CCC/USDA and Argonne officials), other federal officials, state and local

leaders, and interested groups and citizens.

- Copies of the community relations plan, all applicable correspondence, fact

sheets, the site-specific work plan, investigation results, guidance documents,

and any other relevant information.

5.1.4.2  Activities during the Field Work

The CCC/USDA and Argonne provide for the conduct of the following community

relations activities, to the extent practicable, during field work:

• Arrange for meetings with public officials and interested citizens when needed.

• Continue to update the information repository and the contact list.

• Prepare and distribute fact sheets or letters to inform the community of the

investigation’s progress, significant milestones, and changes in plans.

• Maintain telephone contact with state and local officials, as well as any

interested residents.
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5.1.4.3  Activities upon Completion of the Investigation

The CCC/USDA and Argonne provide for the conduct of the following community

relations activities, to the extent practicable, upon completion of the investigation:

• Arrange for meetings with public officials and interested citizens to discuss the

investigation’s findings, results, and recommendations, along with any future

activities at the site.

• Prepare and distribute information outlining QuickSite® results and any future

activities at the site.

• Conduct information sessions with citizens and/or key community leaders.

5.1.5  Contact List of Key Officials

The contact list of key officials includes federal, state, and local officials; interest groups;

media representatives; interested citizens; individuals living or working near the site; and principals

of nearby schools.

5.2  Point of Contact

Argonne designates a point of contact to coordinate community relations activities. The

point of contact performs only tasks that are approved in advance by the CCC/USDA and the

Argonne project manager. The point of contact is responsible for ensuring that the community

relations plan is carried out and for answering questions from the public about QuickSite®

activities. When appropriate, the point of contact refers questions to the CCC/USDA.

The point of contact does the following:

• Takes responsibility for accomplishing community relations objectives and

coordinating community relations activities as outlined in this document.
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• Initiates, before field work begins, introductory communications by telephone

and in person with key community officials, involved community groups, and

affected residents.

• Documents, during all phases of the investigation, all communications involved

in the community relations program, including meetings, telephone calls, and

correspondence.

• Takes responsibility for establishing an information repository and for

informing the public of its existence and location. The administrative record file

is also to be located with the information repository.

• Coordinates the preparation of fact sheets and other community relations

materials to be presented to the public.

• Ensures that all Argonne employees and contractors are aware of the procedures

outlined in the community relations plan.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 6-1

6  General Technical Program

This section describes the procedures used in the QuickSite® technical program,

specifically sample collection (Section 6.1), sample preservation and handling (Section 6.2), and

analytical methods (Section 6.3) for soil, water, and vegetation samples; drilling operations and

monitoring well installation (Section 6.4); electronic cone penetrometer operations (Section 6.5);

geophysical methods (Section 6.6); computer data analysis (Section 6.7); and hydrologic testing

(Section 6.8).

6.1  Sampling Methods

Site-specific work plans contain details about sampling media, modes, intervals, and

frequencies for specific sampling events. Section 6.1 describes the techniques generally used to

acquire soil, water, and vegetation samples. Regardless of the recovery method used or the matrix

sampled, the labeling, documentation, and QC procedures in Appendix D and Section 4.2.1

apply. Use the container types and preservation methods specified in Section 6.2. After sample

collection, wipe containers clean or dry, seal them in plastic bags, and hold and ship them as

described in Section 6.2. Prevent cross-contamination by using sampling gloves and clean

equipment. Procedures for decontamination of sampling equipment are in Section 3.9. Dispose of

waste material generated during sampling as indicated in Section 6.1.5.

6.1.1  Soil Sampling for Chemical or Geotechnical Analysis

Various methods are used to recover soil samples for geotechnical and chemical analyses.

The principal drilling configuration consists of a hollow-stem auger used to reach depth and a

solid-core barrel or split-spoon sampler to acquire core. The principal push configuration consists

of a Geoprobe Macro-Core soil sampler that is pushed hydraulically with a cone penetrometer rig

(Section 6.5) or a Geoprobe or similar hydraulic sampling unit. Push cores are normally sleeved

in plastic. To recover near-surface soil, use hydraulic-push technology, a hand-driven coring

device such as an ESP™ sampler, a hand-pushed coring device, or hand tools such as a shovel, as

appropriate. Backfill or refill shallow holes with appropriate clean material. Abandon drill holes as

described in Section 6.4.7.
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6.1.1.1  Soil Sampling for Chemical Analysis

Regardless of recovery method, immediately place soil samples collected for chemical

analyses in jars, and place the jars on dry ice in an ice chest. If the core is loose in the sleeve, slide

the target portion of the core directly into the jar. If the core is stuck to the sleeve, access the target

material by cross-cutting or by slitting the plastic sleeve lengthwise. If necessary, place the core in

a clean pan for immediate subsampling. If near-surface soil is accessed with a shovel or by similar

means, scoop or spoon freshly exposed material directly into a jar. In all cases, the goal is to

cryogenically lock volatiles into the sample as quickly as possible. Maintain cryogenic conditions

until the samples are removed for analysis in the laboratory.

6.1.1.2  Soil Sampling for Geotechnical Analysis

Collect soil samples for geotechnical analysis by using a split barrel or a thin-walled tube

sampler fitted with a Shelby tube, according to procedures in ASTM D1587-00 (available from the

ASTM at the Internet location http://www.astm.org). Insert the tubes by push or drive methods,

controlled to prevent compaction, and twist the tubes to shear the core before pulling up. If the

analytical parameters include moisture, seal the ends of the sample in the tube with a

nonpenetrating, nonshrinking wax. Fill the remaining void space with nonabsorbent material, and

cap and label the tube. Physical samples for some geotechnical analyses (such as grain size) may

be collected in labeled bags or jars.

6.1.2  Groundwater Sampling for Chemical Analysis

Collect groundwater samples from existing private or public wells, temporarily screened

wells, monitoring wells, or pushed or bored holes by using existing pumps, introduced pumps, or

bailers, as discussed below. Regardless of the way groundwater is recovered, follow the

guidelines in Section 6.2 for placing the samples in containers and for preserving, holding, and

shipping them. Samples for tritium analysis may be held and shipped at ambient temperatures

above freezing. Hold all other groundwater samples at 4°C, and ship them at 4°C as soon as is

feasible. Monitor conductivity, pH, and temperature by using field meters.
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6.1.2.1  Groundwater Sampling from an Existing Borehole

In general, use a bailer to recover groundwater samples from an open or temporarily

screened existing borehole. Use other means of recovery as the situation requires.

6.1.2.2  Groundwater Sampling with a Drilling Rig

A HydroPunch sampler can be used in conjunction with a hollow-stem auger to collect

groundwater. In this method, drill a hole with an auger to within 1 ft of the target depth, and drive

the HydroPunch 1 ft past the target depth. Pull up on the sampler to release the tip, exposing 1 ft

of screen. Allow the sampler to fill for about 1 hr. Remove the sampler from the hole and collect

the sample.

6.1.2.3  Groundwater Sampling with the Cone Penetrometer

Use the ECPT (Section 6.5) to sample groundwater by pushing a tip-and-screen system to

3 ft below the desired sampling depth. Pull back to release the tip and expose the screen. Monitor

the water level until it becomes stable. Then proceed with sampling by using a clean string and

bailer.

6.1.2.4  Groundwater Sampling from Existing Wells

Non-Production Wells

Before sampling, purge monitoring wells and other non-production wells of stagnant

water. Use a Redi-Flow pump or a bailer to purge and sample. Ensure recovery of a representative

sample by monitoring the purge volume and field parameters. Sample only after field parameters

are stable (for pH, ±0.2 units; for electrical conductivity, ±5%). The minimum purge volume is

three well volumes. When purging is complete, decrease the pumping rate, and collect samples

through a Teflon-lined sampling hose. Alternatively, recover sample from the purged well with a

bailer. For wells of a size or condition not suited to a normal purging-sampling routine, discuss

alternative procedures, as appropriate to data needs, with the project manager.
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Active Private and Public Supply Wells

Sample active private supply wells through the existing pump and plumbing system.

Domestic wells are not constructed or plumbed for chemical sampling, and because in-use wells

often cannot be accessed, well and water depths are often unknown. Analytical results for samples

from such wells will not have the same meaning as those from monitoring wells or temporarily

screened holes.

Sample domestic wells from a tap as near as possible to the wellhead and upstream from

water treatment installations. Open the sampling point tap, and run the water at capacity for at least

5 min to activate the pump and flush the system between the pump and the sampling point.

Monitor pH and conductivity during this time. Factors that affect purge times include owner

concerns, distance between sampling point and well, amount of water in the pressure tank, specific

knowledge about the well itself, and the stability of pH and conductivity values.

A similar approach is used in sampling active public wells. Use a spigot near the wellhead

to collect a sample while the well the pump is in production mode, with water routed into the

normal system. Special scheduling arrangements might be required.

6.1.3  Surface Water Sampling for Chemical Analysis

When practical, collect surface water by filling the sample vial directly from the source.

Otherwise, transfer the sample into the vial with a scoop. Take care in either case to minimize

aeration of samples for VOC analysis.

6.1.4  Vegetation Sampling for Chemical Analysis

Because trace carbon tetrachloride concentrations move through plants in transpiration

water, vegetation sampling can help locate subsurface contaminants and can guide the selection of

subsurface sampling locations. Various plant species and tissue types may be sampled when viable

vegetation is available. Preferably, collect aerial portions of available grasses (often brome or

foxtail). Pull or dig the grass up by the roots, knock the dirt off, remove dead material, and snip

off the roots with pruning shears. Insert the cut aerial ends as a loose bunch into a prelabeled VOC

analysis vial or jar; trim the vegetation to fit. Because of the very low contaminant concentrations
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within plants, cross-contamination is not a problem, and decontamination of the shears is

unnecessary. Place the container immediately on dry ice in an ice chest. Maintain cryogenic

conditions until the samples are removed for analysis in the laboratory.

6.1.5  Disposal of Contaminated Materials

Site investigations result in the generation of waste materials that potentially pose a risk to

human health or the environment. These investigation-derived wastes can include drilling muds,

soil cuttings, purge water, decontamination fluids, disposable sampling equipment, and personal

protective equipment.

Collect all drilling spoils, trash, etc., and seal the material in 55-gal drums or in roll-offs at

the drill site. Identify each container with the well or hole number. Consider the material hazardous

until analyses are complete. Determine the appropriate disposal method on the basis of analytical

results for investigative soil samples collected during drilling, analytical results for representative

samples of containerized material, or both.

The water produced during well development and sampling is expected to total less than

1,000 gal. Management of aqueous investigation-derived wastes is to be protective of human

health and the environment. The appropriate disposal option depends on site conditions and the

volume of the waste and the level of contaminant present. Management options include the

following:

• Discharge at the site of origin

• Place in containers for evaporation of low-concentration VOCs

• Place in containers for on-site treatment or disposal

• Place in containers for transport to a nearby publicly owned treatment facility
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6.2  Sample Preservation and Handling

Tables 6.1 and 6.2 present information about sample containers and preservatives for soil

and water samples, respectively. Document control procedures are discussed in detail in

Appendix D.

Use sampling containers that have been cleaned to EPA specifications. Hold and ship all

water samples collected for chemical analysis at 4°C, except for tritium samples (for which there is

no temperature requirement except that the sample should not freeze). Preserve water samples for

total nitrate-nitrite analysis with sulfuric acid, pH < 2. Because calcareous solids react with acid,

remove solids from the sample before acidification by placing the sample in a settling container.

Wait for the water to become clear. Decant the clarified water into a sample bottle, and adjust the

pH. Attempts to adjust the pH of turbid water can result in the use of excessive acid (enough to

affect results via dilution), foaming, container pressurization with consequent leakage, and a

sample pH outside the preservation range.

Review the MSDSs (Appendix D) for sulfuric acid and dry ice before using these

materials.

Prepare samples for shipment as follows:

1. Place the containers constituting each individual sample in a plastic bag. Place

the samples in a sturdy ice chest lined with a plastic trash bag.

TABLE 6.1  Container type, sample size per aliquot, and preservation
parameters for soil samples.

Analytical
Parameter Container Type

Sample Size
per Aliquot

(g) Preservation

Volatiles
(soils)

Glass
125 mL
I-CHEM No. 341-0120

50 Dry ice (-78.5°C)

Volatiles
(vegetation)

Glass
60-mL jar or 40-mL vial
I-CHEM No. 341-0120

Fill container
loosely

Dry ice (-78.5°C)



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 6-7

TABLE 6.2  Container type, sample size per aliquot, and preservation parameters for water
samples.

Analytical
Parameter Container Type

Sample Size
per Aliquot

(mL) Preservation

Maximum
Holding Time

(days)

Volatile organics Borosilicate
20 mL, 40 mL
I-CHEM No. S 336-0040

80 4°C, no headspace 10

Metals (inorganic
cations)

High-density polyethylene
250 mL
I-CHEM No. 319-0500

250 4°C (HNO3 to pH
< 2 after filtering
in the laboratory)

180

Inorganic anions
(other than
nitrates) and
alkalinity

High-density polyethylene
250 mL
I-CHEM No. 319-0500

250 4°C (HNO3 to pH
< 2 after filtering
in the laboratory)

28

Nitrates (NO3
-) High-density polyethylene

250 mL, 500 mL
500 None 2

(48 hr)

Total nitrates-
nitrites
(NO3

- + NO2
-)

High-density polyethylene
100 mL

100 H2SO4 to pH < 2 28

Tritium isotopes 40 mL
I-CHEM No. S 336-0040

80 None N o 
requirement

Carbon isotopes 40 mL
I-CHEM No. S 336-0040

80 4°C 14

2. Pack analytical samples with specified holding temperatures as follows:

- Soil Samples for VOC Analysis. Pack the sample containers with chunks of

dry ice inside the trash bag. Include a soil trip blank. Close the trash bag, and

then cut ventilation slits in its top to prevent a buildup of gas pressure.

- Vegetation Samples for VOC Analysis. Pack the sample containers with

chunks of dry ice inside the trash bag. No trip blank is used. Close the trash

bag, and then cut ventilation slits in its top to prevent a buildup of gas

pressure.
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- Water Samples for VOC Analysis. Layer the samples with crushed

conventional (water) ice inside the trash bag. Include a water trip blank. Close

and seal the outer trash bag. Place absorbent material between the ice chest

and the trash bag.

- Water Samples in Unbreakable Containers, with Holding Temperature of 4°C.

Ship the samples with crushed conventional (water) ice and/or “blue ice”

inside the sealed trash bag. Include a water trip blank. Place absorbent

material between the ice chest and the trash bag.

3. Complete a chain-of-custody record (Appendix D) inventorying the contents of

the ice chest. Place the record inside a clearly marked plastic bag or pouch, and

affix the bag or pouch to the inside lid of the ice chest.

4. Tape the ice chest securely with fiber filament (or equivalent strength) tape.

5. Affix at least one custody seal (Appendix D), signed and dated by the shipping

coordinator, to the outside of the ice chest so that the chest cannot be opened

without breaking the seal.

6. Place package orientation labels on the sides of the ice chest.

7. Complete a standard Federal Express airbill (or equivalent carrier waybill).

Retain a copy of the airbill until receipt of the shipment is verified.

8. If the package contains dry ice, indicate that in the “Special Handling” section of

the Federal Express airbill. For air shipment, the package must comply with the

International Air Transport Association’s Dangerous Goods Regulations. Attach

the required Class 9 shipping label (Figure 6.1).

Samples of substances listed in the U.S. Department of Transportation’s (DOT’s)

hazardous materials table (49 CFR, Regulation 172.101) must be identified, packaged, marked,

labeled, documented, and shipped according to the regulations listed for that substance. A letter of

understanding between the EPA and DOT states that preservatives in water samples are exempt if

the reagents do not exceed the concentrations specified in Table 6.3.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 6-9

FIGURE 6.1  Dry ice label for shipping.

TABLE 6.3  Maximum concentrations
of hazardous materials used as
preservatives in water samples that
are exempt from DOT hazardous
materials regulations.

Preservative Concentration

HCl 0.4% by weight
HgCl2 0.004% by weight
HNO3 0.15% by weight
H2SO4 0.35% by weight
N a O H 0.08% by weight
H3PO4 pH between 4 and 2
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Ship samples directly from the field to the analytical laboratory, where they are to be

received by a sample custodian, logged in, and stored until analysis. The sample receiving

procedures will be in accord with CLP protocols.

6.3  Analytical Methods

Fundamental to the QuickSite® process is the immediate analysis of sufficient soil and

water samples, while the investigation team is in the field, to guide decision making about the

location and extent of contamination. Samples collected for VOC analyses are shipped overnight to

the AGEM Laboratory. On the basis of its analytical results, the AGEM Laboratory selects at least

10% of the samples for verification analysis at a second laboratory with CLP procedures (EPA

CLP SOW 2/88; EPA 1989b), as described in Section 4.2.2.

Laboratory analytical methods to be used for all samples collected at former CCC/USDA

facilities are listed in Table 6.4 by the number assigned them in the EPA’s SW-846 manual of

analytical procedures (EPA 1998b or most recent version). Modifications of these methods under

EPA data quality Level V (Section 4.1.1) are permitted when the QA/QC requirements of the EPA

methods are met. The modifications used by the AGEM Laboratory are described in Appendix E,

Section E.3. Physical and chemical analyses conducted by sampling personnel during collection of

water samples are identified in Table 6.4 by the manufacturer of the commercial kit. The methods

are described briefly below.

6.3.1  Analysis of Soil Samples

6.3.1.1  Analysis for Volatile Organic Compounds

Soil samples are shipped overnight to the AGEM Laboratory for gas chromatographic

analysis for the VOCs of interest (including carbon tetrachloride and chloroform). The AGEM

Laboratory uses the following methods (or modifications of these methods, with all QA/QC

requirements being met at EPA data quality Level V), as referenced in the EPA’s SW-846

(EPA 1998b):

• Gas chromatograph-mass spectrometer (GC-MS) method: EPA Method 8260B,

Revision 2, December 1996.
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TABLE 6.4  Sample matrix, target compounds, and laboratory analytical methods for the
CCC/USDA investigations.

Analytical Method

Sample
Matrix

Target
Analytes

Extraction
Procedure

Preparation
Procedure EPA No.a

Analysis
Procedureb

Water V O C None Purge and trap EPA CLP 2/88 GC-MS

pH, conductance NAc NA 4500H, 2510 Electrometric

Dissolved oxygen NA NA NA Titrimetric

Alkalinity NA NA 310.1 Titrimetric

Anions None NA 300.0 IC

Metals None Digestion 300.1/6010B
6020

ICP-AES
ICP-MS

Isotopes
Tritium
Stable oxygen
Stable hydrogen

None
CO2 exchange
Zinc reduction

NA
NA
NA

N A 
N A 
N A 

Scintillation
MS
MS

Vegd V O C Water Purge and trap NA GC-ECD-MS

Soil V O C Methanol Purge and trap EPA CLP 2/88 GC-MS

a EPA standard methods are described in EPA 1989b, EPA 1989c, EPA 1998b, and Greenberg et al.
1992.

b Abbreviations:  GC = gas chromatograph, MS = mass spectrometer, ICP-AES = inductively coupled
plasma-atomic emission spectrometry, IC = ion chromatography, ECD, electron capture detection.

c NA, not applicable.

d Veg, vegetation (roots, stem, trunk, and leaves).
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• Purge-and-trap method: EPA Method 5030B, Revision 2, December 1996.

• Headspace method: EPA Method 5021-1, Revision 0, December 1996.

When the soil samples arrive at the AGEM Laboratory, each sample is split. One portion of

each sample (0.5-1 g) is placed in a sealed headspace vial for immediate analysis with a

modification of EPA Method 5021-1 (with all QA/QC requirements being met), followed by

separation and analysis with a gas chromatograph and electron capture detection (GC-ECD).

Quantitation is based on calibration curves for laboratory-prepared external standards.

To the second portion (approximately 10 g) of each sample, methanol is added to an

approximate sample/methanol ratio of 1:1. Analysis occurs after a minimum waiting period of

24 hr. A portion of the methanol extract is analyzed by using modifications of the purge-and-trap

method (EPA Method 5030B) and the GC-MS method (EPA Method 8260B), with all QA/QC

requirements being met. The instrument detection limit is 0.05 µg/kg, and the method detection

limit is 10 µg/kg. A third aliquot of each sample is used for determination of moisture content.

The AGEM Laboratory selects at least 10% of the soil samples for shipment to a second

laboratory for CLP analysis for VOCs of interest, including carbon tetrachloride and chloroform.

This second analysis is according to the EPA CLP SOW 2/88 method (EPA 1989b), which uses a

capillary column GC-MS. The current detection limit for this method, identified for medium-level

soils, can be as high as 60 µg/kg.

6.3.1.2  Grain Size Analysis

Grain size analysis of soil samples is in accordance with ASTM Method D422-63(1998)

(available from the ASTM at the Internet location http://www.astm.org).

6.3.2  Analysis of Water Samples

Water samples are analyzed for VOCs including carbon tetrachloride and chloroform, the

contaminants of primary concern. In addition, several physical and chemical parameters of

groundwater samples are measured to characterize the hydrogeologic conditions. Parameters used

for hydrologic characterization include (1) the field-measured parameters of temperature, pH, and
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conductivity; (2) concentrations of dissolved cations and anions determined in the laboratory; and

(3) ratios of stable oxygen and hydrogen isotopes. Results of chemical isotope analyses of

groundwater samples can be used to distinguish waters from different aquifers or stratigraphic

intervals, as well as to trace apparent flow paths in the subsurface. Isotope ratios can be

particularly useful for distinguishing waters from predominantly shale or predominantly limestone

aquifers. Selected groundwater samples are also analyzed for their tritium isotope compositions.

Tritium, a radioactive isotope of hydrogen, has a half-life of 12.43 yr and decays into the stable

helium isotope, 3He. Tritium analyses are useful in identifying relatively young (< 60 yr)

components of groundwater. Measurement of tritium and 3He together in water allows calculation

of the time elapsed since the water was in contact with the atmosphere. The tritium-helium dating

method can provide groundwater dates that are accurate to within 1 yr. The analytical methods are

described briefly below.

6.3.2.1  Analysis for Volatile Organic Compounds

Analyses of water samples for VOCs at the AGEM Laboratory are performed at EPA data

quality Level V by using a purge-and-trap procedure (Method 5030B, Revision 2, December

1996) and a GC-MS procedure (Method 8260B, Revision 2, December 1996). All QA/QC

requirements described in the methods are met. The sample is placed in an autosampler, and helium

is used as the carrier gas. Collection of VOCs on an adsorbent is followed by desorption and GC-

MS analysis. The instrument detection limit is 0.05 µg/L, and the method detection limit is

1  µg/L.

Water samples shipped to a second laboratory for verification analysis are analyzed for all

VOCs of interest, including carbon tetrachloride and chloroform, by following rigorous analytical

methods such as EPA CLP SOW 2/88, which has a method detection limit of 5 µg/L.

6.3.2.2  Analysis for Water Quality Parameters

Temperature, pH, and conductivity are measured in the field by using a Checkmate Field

Meter system after calibration with the appropriate standard solutions. In the laboratory, alkalinity

is measured by EPA Method 310, and dissolved oxygen is determined by a titrimetric method.
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6.3.2.3  Analysis for Anions

Laboratory inorganic analyses include the determination of dissolved anion concentrations.

Anion concentrations (chloride, sulfate, nitrate, and phosphate) are determined by following EPA

Method 300.0, using ion chromatography. Total nitrogen in nitrates and nitrites is determined by

EPA Method 353.2.

6.3.2.4  Analysis for Metals

Groundwater samples can be analyzed for metals (including aluminum, calcium, iron,

magnesium, manganese, potassium, sodium, silicon, and zinc) by inductively coupled plasma-

atomic emission spectrometry (EPA Methods 300.1 and 6010) or by inductively coupled plasma-

mass spectrometry (EPA Method 6020; EPA 1998b).

6.3.2.5  Analysis for Isotopes

Tritium isotope concentrations are determined by liquid scintillation counting of an aliquot

(approximately 2-20 mL) of the unfiltered, unpreserved sample. The detection limit of the direct

counting technique is 5 TU (tritium units). Oxygen isotope ratios are measured by allowing water

samples to equilibrate with carbon dioxide gas and then analyzing the carbon dioxide gas with a

dual-inlet mass spectrometer. Hydrogen isotope ratios are measured in the hydrogen gas produced

from water samples by reduction with zinc metal at approximately 650°C.

6.3.3  Analysis of Vegetation Samples

All vegetation samples are shipped overnight to the AGEM Laboratory for analysis. The

plant tissues are prepared by cutting or grinding to increase the surface area of the material. The

analytical method used is a modification of EPA Method 5021-1 (Revision 0, December 1996),

with analysis by GC-ECD. Approximately 0.5-1.0 g of vegetation is placed in a tare-weighted

20-mL headspace vial with a high-temperature Teflon-faced septum seal. Sample weights are

determined to an accuracy of ±0.01 g, and the vials are placed in an autosampler. The analytical

protocol is modified by raising the equilibration temperature to 90°C for 120 min to ensure reliable

volatilization of the carbon tetrachloride and chloroform in the sample. Standards are prepared by

using known quantities of carbon tetrachloride, chloroform, and tetrachloroethene. The GC system
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is calibrated on the basis of the mass of the spike components detected in the standard. Quantitation

is based on calibration curves for laboratory-prepared external VOC standards with concentrations

ranging from 0.125 to 2.5 ng.

6.4 Drilling and Installation of Monitoring Wells/Observation
Wells/Piezometers

Drilling for the QuickSite® program is conducted primarily to collect soil, rock, and

groundwater samples, and secondly, if required, to install monitoring wells/observation

wells/piezometers. All drilling is to be conducted under the direct supervision of Argonne

personnel by a driller licensed by the relevant state to drill and install monitoring and drinking

water wells. All necessary drilling permits and licenses are to be obtained before field work begins.

Drilling methods used are typically hollow-stem auger, mud rotary, sonic drilling, and

dual- or triple-wall percussion. Other methods are considered case by case. A site geologist who is

to be present during all drilling and well installation activities is to document in a logbook the tasks

performed in support of these activities. The site geologist is to have on-site a copy of this Master

Work Plan, the site-specific work plan, and the project health and safety plan.

Before the drill is set up, a bermed ground cover of plastic sheeting is placed under the drill

rig to contain any fluid discharged from the rig.

6.4.1  Drilling Operations

Required equipment for all drilling operations includes an appropriately sized and

adequately equipped drill rig, a drill support truck, a steam cleaner, steel drums, plastic sheeting,

and sorbent pads. When drilling occurs in a surficial aquifer, drilling must be terminated before the

basal aquitard is totally penetrated. The depth drilled into the aquitard is determined by the site-

specific geology. Penetrations of aquifers below the water-table aquifer are limited to avoid cross-

contamination. If drilling must proceed into a lower aquifer(s), casing is set to ensure that cross-

contamination does not occur.
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6.4.1.1  Hollow-Stem Auger Drilling

Drilling of unconsolidated materials can be accomplished with a hollow-stem auger (HSA),

as follows:

1. Advance the HSA in increments of 5 ft or less. If a continuous core is required,

fit the auger with a Central Mine Equipment continuous coring device. Place all

cuttings in 55-gal steel drums or roll-off containers.

2. If a coring device is used, retract the device at each 5-ft interval, and place the

core in a polyvinyl chloride (PVC) trough for logging by the site geologist.

3. If a continuous core is not required, advance the auger to the desired sampling

depth, and lower a split-spoon sampler or HydroPunch through the HSA to

obtain the soil or water sample.

4. When use of the auger is complete in a hole where a well will not be installed,

remove the auger from the hole, and abandon the hole as described in

Section 6.4.7.

6.4.1.2  Mud Rotary Drilling

Drilling of consolidated materials can be accomplished with mud rotary drilling methods, as

follows:

1. Drill with the HSA to the top of consolidated, firm bedrock, as described in

Section 6.4.1.1.

2. After the auger is withdrawn, install the casing as follows:

- Advance an appropriately sized flush-joint steel casing approximately 6 in.

into bedrock to ensure that a good seal has been achieved.
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- Tremie a bentonite slurry at least 3 ft deep into the annular space around the

outside of the casing to provide extra assurance that no leakage of circulation

fluids will occur. Allow the seal to set at least overnight before drilling water

is introduced. Fill the remainder of the annular space with auger cuttings to

stabilize the casing, if needed.

- Before coring begins, use fresh water to wash out any material that falls into

the casing.

3. After the casing is set, advance the hole by using the wireline diamond coring

method. For circulation fluid, use only water from an approved source. Analyze

water to be used for coring for VOCs and inorganic constituents. Introduce no

other fluids, air, or muds into the drill hole. Place cuttings from the recirculation

tank in 55-gal steel drums or roll-off containers. Minimize core losses by using

only bottom-discharge bits; keeping drilling fluid circulation to the minimum

required to remove the drill cuttings; and closely monitoring drill rod vibration,

rotation, and rate of advancement. A minimum core recovery of 90% is

required. Limit drilling runs to 5 ft to help ensure good recovery. Place the core

in wooden core boxes or heavy, waxed cardboard boxes for immediate logging

by the site geologist.

6.4.1.3  Sonic Drilling

Drilling in locations like glacial terrains, which are typically difficult to penetrate, can be

accomplished by using the sonic drilling method, in which a dual line of drill pipe is oscillated

through the soil. An outer pipe prevents collapse of the borehole and is used in construction of

monitoring wells and piezometers. An inner pipe contains a core bit and functions as a core barrel

sampler. Recover core with a standard split spoon, Shelby tube, or other conventional sampling

device, or as follows:

• Advance the inner drill pipe and core bit approximately 6-9 ft into the

subsurface.

• Advance the outer drill pipe down over the inner pipe to hold the boring open.
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• Use the drill head to lift the inner pipe to the surface for recovery of the core.

• Vibrate the core out of the inner drill pipe into a plastic sheath or stainless steel

tray.

• Advance the inner barrel to the next sampling interval.

6.4.1.4  Percussion Casing Hammer Drilling

Drilling of unconsolidated materials can be accomplished by using the dual- or triple-wall

percussion casing hammer drilling method, as follows:

1. Advance the percussion casing in increments of 10 ft or less. If a continuous

core is required, fit the percussion hammer with a power swivel and a 94-mm

core system. Place all ancillary cuttings in 55-gal steel drums or roll-off

containers.

2. If a coring device is used, retract the device at each 5-ft interval. Place the core

in a PVC trough for logging by the site geologist.

3. If a continuous core is not required, advance the percussion casing to the

desired sample depth, and lower a split-spoon sampler or HydroPunch through

the casing to obtain the soil or water sample.

4. When use of the percussion casing hammer is complete in a hole where a well

will not be installed, remove the casing from the hole and abandon the hole as

described in Section 6.4.7.

6.4.1.5  Geologic Logging

All borings are to be logged by a geologist. The site geologist is responsible, at only one

operating drill rig, for monitoring the drilling operations, preparing the boring logs and well

diagrams, and recording the well installation procedures. Logs are recorded in a field notebook, on
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a boring log (Figure F.1 in Appendix F), or both. Field logs will include the following, at a

minimum:

• Boring number and location (GPS coordinates in decimal degrees)

• Drilling method and borehole diameter

• Lithologic descriptions

• Core and split-spoon recoveries

• Evidence of contamination

• Weather conditions

• Groundwater levels (depth encountered and static)

• Notations on materials placed by humans

• Sample depths and identification numbers

6.4.2  Decontamination

Steam clean all drilling equipment — including rigs, water tanks (inside and out), augers,

drill casings, rods, samplers, tools, and recirculation tanks — with approved water when the

equipment arrives at the site and between borings/wells. Before they arrive on the site, all casings,

augers, recirculation and water tanks, etc. must be devoid — both inside and out — of any

asphaltic, bituminous, or other encrusting or coating material, grease, grout, soil, etc. To the extent

possible, perform all cleaning in an area that is remote from any location to be sampled.
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6.4.3  Monitoring Well Installation

6.4.3.1  Monitoring Well Installation Procedures

Monitoring well installation is to follow guidelines in the Handbook of Suggested Practices

for the Design and Installation of Ground Water Monitoring Wells (National Ground Water

Association 1989). See the construction diagrams in Appendix F, Figures F.2 and F.3. General

well installation procedures are as follows:

1. When drilling is complete, measure the bottom of the borehole with a tape to

verify its depth.

2. If the interval selected for screening is not at the bottom of the hole, backfill the

hole with bentonite to within approximately 1 ft of the bottom of the selected

interval. Allow the bentonite to hydrate for at least 1 hr. Then place a 1-ft layer

of filter sand over the bentonite, and insert the well assembly.

3. Assemble the monitoring well screen, end plug, casing, top cap, and

centralizers (if required). Lower the well assembly until it rests on the layer of

filter sand.

4. Withdraw the auger in increments of 2.5 ft while filter pack sand is added.

Take repeated depth soundings of the bottom of the hole to monitor the level of

the sand and to detect any bridging of sand.

5. Allow sufficient time for the filter pack to settle through the water column

within the augers before withdrawal of the auger continues.

6. Extend the filter pack sand to approximately 2-3 ft above the top of the well

screen.

7. Place a seal of bentonite at least 3 ft thick above the filter pack. Tremie the

bentonite slurry or pellets (in wells more than 30 ft deep), or pour the slurry or

pellets into the annular space. Allow the slurry or pellets to set for

approximately 60 min before grouting begins.
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8. While the augers are being removed, tremie cement/bentonite grout into the

annulus above the bentonite seal. Top off the grout level periodically during

auger removal.

9. Before the grout sets, center the protective steel casing on the PVC well casing,

and insert it into the grouted annulus.

10. After 24 hr, install the concrete pad and protective well cap.

6.4.3.2  Monitoring Well Construction Details and Materials

Well Casing

Well casings typically consist of threaded, flush-joint, 2- or 4-in.-I.D., schedule 40 or

schedule 80 PVC pipe. Use only casings cleaned and prepackaged by the manufacturer. Extend the

casing from the top of the well screen to approximately 3 ft above ground level, and attach a

sanitary seal with casing vent. Do not use solvents, cements, or adhesive tapes to join sections of

casing.

Well Screens

Well screen lengths are not to exceed 10 ft unless special conditions warrant a longer

screen. Use only well screens cleaned and prepackaged by the manufacturer. The screens are to be

flush-joint, 2- or 4-in.-I.D., schedule 40 or schedule 80 PVC pipe with factory-machined

continuous slots of appropriate slot size as determined by a sieve analysis (see Filter Pack section

below). Well screens are to have PVC bottom plugs. Do not use solvents, cements, or adhesive

tapes to join the screen to the casing.

Centralizers

Use stainless steel centralizers on wells built with “open” holes to center the well in the

borehole and maintain its alignment during grouting. Locate centralizers at the top and bottom of
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the screen and at 20-ft intervals on the casing. Do not use cements or adhesive tapes to affix the

centralizers.

Filter Pack

Fill the annular space between the well screen and the borehole wall with clean filter pack.

Extend the filter pack from approximately 1 ft below the well screen to approximately 2-3 ft above

the top of the well screen. Unless otherwise stipulated, the filter pack grain size is to be based on

formation grain size analysis. Use the value of the D30 (70% retained) sieve size, multiplied by a

factor not less than 3 or greater than 6, to determine the appropriate grain size.

Bentonite/Expanding Cement Seal

Install a 2-ft bentonite pellet seal above the filter pack if the sealed interval is below the

water table. If the sealed interval is above the water table, use expanding cement instead of

bentonite.

Cement/Bentonite Grout

Tremie grout the annular space between the well casing and the borehole wall from the top

of the bentonite seal to the ground surface. Make the grout mixture with Portland cement, bentonite

powder, and potable water in the proportions of 94 lb (one bag) of Portland Type II cement to

3-5 lb of bentonite powder. Prepare the grout by first thoroughly mixing the bentonite and water

and then mixing in the Portland cement. Lower the tremie line to within 5 ft of the bottom of the

zone to be grouted. Withdraw the tremie line as the annulus fills with grout, taking care to ensure

that the discharge end of the tremie line remains submerged by a minimum of 5 ft in the grout

during cement placement.
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Protective Steel Guard

Install a protective steel guard with a hinged and lockable steel cap over the well casing.

Embed the protective cap in the cement/bentonite grout before it has set. Drive steel pickets (three

or four) evenly around the well at a distance of 4 ft.

6.4.3.3  Monitoring Well Completions

Flush-Mount Completions

Certain sites require a flush-mount surface completion for a well (Appendix F,

Figure F.4). All installations are to conform to individual state requirements. Dig a hole large

enough to contain the steel flush-mount housing around the casing, so that the cover plate is at or

slightly above the surrounding surface. Set the attached steel or PVC skirt or shroud in cement to

preclude migration of water into or around the well. Upon installation of the housing, terminate the

well casing as high in the flush-mount as possible. Unless otherwise stipulated, install a concrete

ring 8 in. thick and 8 in. beyond the edge of the flush-mount ring. Finally, install a water-proof

cover plate (Appendix F, Figure F.3).

Stick-Up Completions

Under certain conditions, a stick-up surface completion is appropriate. The subsurface well

construction is the same as for the flush-mount completion, except that the PVC casing extends

approximately 3 ft above the ground surface (Appendix F, Figure F.2) and is enclosed in an 8- to

12-in. protective PVC shroud with a lockable cap.

Concrete Pad

At the ground surface and around the protective steel casing, install a concrete pad (Sakrete,

Quikrete, or equivalent) at least 8 in. thick and 8 in. beyond the edge of the flush-mount or stick-

up installation, with a 12:1 or 12:2 slope to prevent pooling of surface water.
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6.4.3.4  Well Construction Diagram

Record the construction of each well on a well construction diagram (Appendix F,

Figure F.5) in the field, and attach the diagram to the boring log (Appendix F, Figure F.1).

Graphically denote at least the following information:

• Total depth of hole

• Screen location and length

• Filter pack interval

• Bentonite seal interval

• Grout interval

• Centralizer locations

• Height of riser

• Casing/screen size(s) and slot size

• Protective casing detail

6.4.4  Well Development

After well construction is complete, develop the well until a consistent yield of clean water

is produced. Use a surge block and bailer or a surge block and submersible pump for

development. Decontaminate any equipment entering a well on the site before it is inserted.

Employ two well development techniques, overpumping and surging, in tandem. Initially

pump the well at a rate higher than recharge. Then surge the well by using a plunger to force water

back and forth through the well screen, filter pack, and formation. Any water introduced to

facilitate development must be approved by an Argonne representative before it is introduced.
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Containerize or discard water produced from well development as determined by local

environmental regulators. Record the following information before and during development:

• Date and method of development  

• Static water level before and after development

• Development water volumes (in gallons)

• Volume and source of water added (if any)

• Final water clarity

6.4.5  Well Registration

At the completion of drilling, installation, and development of a well, complete the

appropriate well registration form (Appendix F, Figure F.6), and give the completed form to the

licensed contractor for state filing as required.

6.4.6  Piezometer Installation

Install piezometers or well points to permit collection of long-term water level data by using

the ECPT (Section 6.5). In Kansas, conduct the installation in accordance with Kansas

regulations, including Article 12, Groundwater Exploration and Protection Act, and Article 30,

Water Well Contractor’s License/Water Well Construction and Abandonment. In Nebraska,

conduct the installation in accordance with Nebraska regulations, including Article 12 of the Water

Well Standards and Contractors’ Licensing Act (Nebraska Administrative Code, Title 178,

Chapters 10-12).
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6.4.6.1  Flush-Mount Piezometer Installation

To install a flush-mount piezometer, well point, or sand point well, use the following

procedure:

• Use the ECPT unit to push a non-instrumented cone to depth, as specified in

Appendix F, Figure F.7.

• Pull the cone back to the surface.

• Attach a 3.25-in.-diameter expendable tip to a 0.5-in.- to 1-in.-diameter PVC

screen prepacked with sand in a stainless steel mesh. Place this screen inside a

3.25-in. Geoprobe push rod. Attach the rod to the expendable tip, and push to

the desired depth. The maximum screen length for sampling a discrete interval

is 5 ft.

• Use 15-cm2 (with 0.5-in. screen) or 2.25-in. (with 1-in. screen) push rods to

advance the assembly to the base of the desired sampling interval. Withdraw the

rods enough to expose the 5-ft screen.  

• Withdraw a water sample if desired.

• To install a piezometer, sand point, or well point, lower 0.5- to 1-in.-diameter

schedule 40 PVC riser pipe into the hole through the rods. Attach the pipe to

the top of the screen, and withdraw the ECPT rods.  

• Tremie silica sand or gravel into the hole to a level 2-3 ft above the top of the

screen. Unless otherwise stipulated, base the filter pack grain size on a

formation grain size analysis. Use the value of the D30 (70% retained) sieve

size, multiplied by a factor not less than 3 or greater than 6, to determine the

appropriate grain size. Use a water level meter or other measuring device to

determine the location of the top of the sand and ensure that sufficient sand is in

place.
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• Pour bentonite pellets into the hole (to a thickness of 2-3 ft) with some water.

Allow the pellets to hydrate for at least 20 min to form an effective seal between

the screened interval and the section above.

• Mix grout and tremie it into the hole from the top of the bentonite seal to a depth

of 3 ft below ground level. Mix bentonite grout to a minimum density of

9.4 lb/gal and neat cement to a minimum density of 15.2 lb/gal.

• For the surface installation, dig out an area 18 in. in diameter and 36 in. deep

around the borehole and riser pipe. Place a 6-in.-deep layer of bentonite pellets

on top of the grout.

• Set a 12-in. O.D. by 24-in. flush mount. See Appendix F, Figure F.7, for

construction details.

• Fill the surface hole outside the flush mount with grout, and finish to a smooth

surface with a 12:1 or 12:2 slope. The concrete pad must be a minimum of

8 in. thick and must extend at least 8 in. beyond the flush mount (28 in.

minimum).

• Cut the riser pipe to the appropriate height. For wellhead protection, install a

12-in. Morrison Brothers Co. (Dubuque, Iowa) Model 418XA Flush Mount

Cover (Appendix F, Figure F.3). Fit the top of the casing with a Morrison

Brothers Co. "J" Plug Model 678XA (Appendix F, Figure F.8) and a screened

vent with a locking pipe plug and padlock.

• Complete a piezometer installation form (Appendix F, Figure F.5), and give the

completed form to the licensed water well contractor so that the installation can

be registered with the state regulatory agencies.

6.4.6.2  Stick-Up Piezometer Installation

If a stick-up piezometer installation is more appropriate than a flush-mount installation,

follow the procedure above (Flush-Mount Piezometer Installation) for all aspects of the subsurface

installation. However, refer to Appendix F, Figure F.9, for the surface completion details.
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Complete a piezometer installation form (Appendix F, Figure F.5), and give the completed

form to the licensed water well contractor so that the installation can be registered with the state

regulatory agencies.

6.4.6.3  Measurement of Water Levels in Piezometer Installations

In many instances, an electronic pressure transducer device is installed down the casing in

the piezometer or sand well to record water level fluctuations through time. Refer to Appendix E,

Section E.1, for detailed installation, test setup, and data retrieval procedures.

6.4.7  Abandonment of Soil Borings, Boreholes, and Piezometers

Abandonment procedures must conform to applicable state requirements for drill hole

abandonment. For Kansas, Water Well Contractor’s License/Water Well Construction and

Abandonment regulations apply (KAR, Title 28, Article 30). For Nebraska, regulations governing

well abandonment (Title 178, Chapter 12 of the Nebraska Administrative Code) apply. The

following general guidelines also apply:

• Fill open holes with a bentonite slurry or neat cement. If the hole is deeper than

10 ft, emplace the bentonite or cement grout with a tremie pipe from the bottom

of the hole up until the grout/bentonite displaces all water in the hole and flows

onto the ground surface. Shallow holes less than 3 ft deep may be backfilled

with native soil or grouted to the surface.

• Abandon wells by removing as much of the casing as possible. Then proceed as

for open holes.

• Abandon piezometers by first grouting with a tremie pipe. Then remove the top

3 ft or more of casing. Install a 1-ft-thick cement plug, and backfill to the

surface with native soil or grout.

• Complete the appropriate state abandonment/plugging form (Figure F.10,

Appendix F), and submit the form to the licensed contractor for state filing as

required.
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6.5  Electronic Cone Penetrometer and Geoprobe

Push technologies used include the Geoprobe and the ECPT. Both involve hydraulically

driven probes or samplers that are pushed into the ground, rather than drilled, to obtain subsurface

information, samples, and/or data. The advantages of the push technologies over drilling are that

(1) the former are usually less costly; (2) they are less invasive, with little to no cuttings or fluids

needing disposal; and (3) they are generally more rapid. The disadvantages of push technologies

are primarily that (1) they cannot penetrate as deeply — usually less than 120 ft below ground

surface — and (2) they are not effective in well-consolidated or cemented lithology.

The ECPT is a truck-mounted device that offers a cost-effective alternative or supplement

to conventional drilling methods. The ECPT enables rapid, high-quality subsurface exploration

and sampling with significantly reduced site disturbance and waste generation. Argonne operates

two cone penetrometer vehicles: (1) a 40-ton truck unit and (2) a 22-ton van den Berg, Inc., all-

track crawler unit. In addition, other direct-push devices, such as the Geoprobe, are used to

collect subsurface samples.

With the ECPT, an instrumented cone 10 or 15 cm2 in diameter is hydraulically pushed

into the ground, while several physical, geophysical, and chemical measurements are made.

Soil, soil moisture, soil gas, and groundwater samples can also be retrieved.

The data from the ECPT are recorded and stored in real time by computers on the truck.

The data and analytical results can be transferred to other storage media.

The application of the ECPT to environmental site investigation and remediation

monitoring is evolving rapidly. Additional sensors and probe attachments measuring a broad

range of subsurface parameters will enhance the use of ECPT in subsurface environmental

investigations.

The Geoprobe can be used to core and to collect soil and water samples by direct pushing

or vibration. The Geoprobe can use electronic sensors when it is in the direct-push mode.

Currently available sensor technology adapted for use with the Geoprobe system includes

conductivity, pore pressure, tip, local friction (sleeve), and inclination.
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6.6  Geophysical Methods

The primary role of geophysics in the QuickSite® program is to help define the geologic

controls on the configuration and movement of contaminants at investigation sites.

The same basic methods of investigation (seismic, electrical, and borehole) are considered

at all sites. However, the suite of geophysical surveys selected for each site varies somewhat,

depending on the geologic framework and the data needs. The geophysics team reviews all

available data pertaining to each site to identify the most appropriate geophysical techniques.

The available geophysical data for any site are generally sparse or nonexistent. A

preliminary field investigation before the main field program begins can quantify the more crucial

geophysical parameters.

Well logs are acquired with different downhole geophysical sensors in the early field

investigation to correlate important lithologic units with geophysical parameters and select the most

promising geophysics methods. Downhole well data are also used to model the responses of

various surface techniques and identify the methods that are most sensitive to the desired

geophysical targets.

Methods that might be selected for any given site include the following:

1. Seismic P- and S-wave refraction/reflection profiling

2. Resistivity sounding

3. Additional borehole geophysical logging as required

The following sections describe specific surveys that can be used at any given site.

6.6.1  Seismic Reflection Surveys

Two-dimensional seismic reflection surveys can map the continuity and thicknesses of

lithologic units when suitable impedance contrasts are present in the geologic section.
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6.6.1.1  Survey Parameters and Equipment Requirements

For seismic reflection surveys, use the following general guidelines for acquisition

geometry and equipment:

• Use the common midpoint (CMP) method whenever possible. The common

offset method may be used if fewer recording channels are available and if

velocity control and the signal-to-noise ratio (SNR) are sufficient to produce an

acceptable section.

• Use an instantaneous floating point, digital instantaneous floating point, or

24-bit delta-sigma exploration seismograph. The seismograph must have a

dynamic resolution of at least 78 dB and a system dynamic range of at least

124 dB. The seismograph should be able to record at least 24 channels,

although most surveys will prove much more cost effective if 48 channels or

more are used. (This is especially true if a multicomponent survey is planned.)

A sample interval of 0.5 ms or less is required, along with the appropriate anti-

alias and other signal-conditioning filters. The seismograph must have a 32-bit

stacker and should be able to record at least 20,000 samples per channel.

• Use geophones with a resonant frequency of 25-50 Hz. Horizontal-component

geophones should have the same frequency characteristics as vertical-

component geophones.

• Survey constraints determine source and geophone spacing. Geophone spacing

is likely to be 2-20 ft, while the source spacing is determined by the fold

requirements. A CMP fold of at least 6 is required.

• Maximum source-receiver offset must be at least as great as the depth to the

primary target. Minimum offset is to be no greater than twice the geophone

spacing.

• A symmetric split-spread cable configuration is preferred. An off-end or an

asymmetric split-spread configuration may be used if fewer recording channels

are available.
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• CMP-type cables are preferred, although refraction cables are acceptable if the

ratio of total takeouts to active channels is at least 2:1. Space takeouts 5-20 ft

apart.

• Position source points halfway between geophone locations if the cable

configuration is split spread. If the cable configuration is off-end, the source

points may occupy the same locations as the geophones.

• Use a CMP roll box, a cable switch box, or a software-controllable channel

selection facility to facilitate CMP data acquisition.

6.6.1.2  Data Acquisition

Geophone Placement

Critical to high-quality seismic reflection data is the placement of geophones, which

determines coupling. Much of the attenuation of the seismic signals occurs in the first several feet

of topsoil. Even if it is impractical to bury the geophones a few feet, scrape off the first few inches

of loose topsoil and vegetation and then push the geophones firmly into the ground. When each

geophone is planted, apply slight pressure by hand to detect any tendency to wobble. Replant the

geophone if any motion is detected.

Seismic Source Selection

Make the final selection of seismic sources in the field, during walkaway tests. Test energy

sources through a series of recordings at a single location, by varying the type of source and the

number of source impulses recorded. All of the methods will probably use the signal enhancement

capabilities of the seismograph to average a series of surface impulses, increasing the SNR by

averaging out random noise. Potential sources include the following:

1. Hammer blows on metal plates, preferably delivered with a sledge hammer

because of its high frequency, repeatability, and portability
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2. Blank shotgun shells fired from a buffalo gun (Betsy Seisgun; see operating

procedure in Appendix E, Section E.4) into the ground

3. Electrically fired shotgun-size charge (300 grain or 500 grain) buried 2-10 ft

deep; optimal charge depth and size (the number of individual charges per hole)

to be determined by testing

4. Accelerated weight drop (e.g., Elastic Wave Generator from Bison)

5. Minivibrator

Walkaway Test

Choose the most favorable array geometry, geophone placement, and seismic sources for

each site on the basis of a walkaway test. Select the following parameters:

• Geophone and shot spacing; maximum and minimum offset

• The seismic source (hammer blows, weight drops, mechanical weight, vibrator)

• Geophone placement and coupling (spikes, plates, buried geophones)

• Field filter parameters

In a walkaway test, a single spread of geophones is spaced very closely (typically at

intervals of 1-2 ft), to prevent any aliasing of surface noise or reflection signal. The first source

point is one geophone spacing from the end of the spread. Move subsequent source points away

from the spread one spread length at a time, until the maximum required offset is achieved. Splice

the individual shot records together to simulate a single, very finely sampled shot record. Then

identify the optimal offset and geophone spacing on the walkaway record. Perform source testing

at the optimal offset from the spread.
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6.6.1.3  Data Processing

The general processing flow for high-resolution CMP reflection data is as follows:

1. Input array geometry (to edit headers)

2. Component rotation/differencing (for S-wave surveys)

3. Bad trace edit

4. Elevation statics

5. First-arrival mute(s)

6. CMP sort

7. Velocity analysis

8. Surface-consistent statics

9. Filter

10. Automatic gain control scaling

11. CMP stack

Perform tests to determine whether additional steps, such as deconvolution, F-K filtering,

or migration, are needed. Two very important steps in this sequence are velocity analysis and

surface-consistent statics. Velocity analysis is generally performed at regular intervals along the

line. However, where rapid variations in the overburden velocity are noted or bedrock topography

varies greatly, velocity analysis might be required at more CMPs. Because of the interaction

needed, the processing time increases with the number of velocity analyses performed. Surface-

consistent statics can be crucial when variable water table elevations occur near the surface.

Refraction analysis on the data might be needed to determine the depth to the water table for use in

static corrections.
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6.6.1.4  Calibration

Conduct comprehensive tests on the instruments before the field program begins to ensure

that filters, amplifiers, and analog-to-digital conversion circuits are within specification. Perform

daily checks to calibrate the polarity and timing of each data channel. Document geophone-cable

polarity by recording tap tests at each recording station. Monitor background noise by recording

periodic wind strips (recordings made without a seismic source). Monitor overall operation of the

system continuously by inspecting field records and noting the polarity and amplitude of first

arrivals and visible reflectors. Generate read-after-write paper records for each shot record to verify

the digital recording of data. Calibrate velocity measurements against the air wave velocity, known

to be 1,087 ft/s (if the air wave is visible on the shot records), and also against the check shot

survey.

6.6.2  Seismic Refraction Surveys

Seismic refraction surveys are used primarily to identify the interface between bedrock and

unconsolidated deposits when the bedrock geometry seems to influence aquifer flow patterns.

Given sufficient velocity contrast, seismic refraction can also be used to identify the water table.

6.6.2.1  Survey Parameters and Equipment Requirements

For seismic refraction surveys, use the following general guidelines for acquisition

geometry and equipment:

• If both reflection and refraction data are to be acquired, the seismograph must

meet the requirements for a reflection survey (see Section 6.6.1). If only

refraction data are to be acquired, the seismograph may have as few as

12 channels, and the requirements for dynamic resolution can be relaxed. A

sample interval of 0.5 ms or less is still required, along with the appropriate

anti-alias and other signal-conditioning filters. The seismograph must have a

32-bit stacker and should be able to record at least 2,000 samples per channel.

• Geophones must have a resonant frequency of 25-50 Hz.
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• Survey constraints determine source and geophone spacing. Geophone spacing

will likely be 10-50 ft. Both reverse and forward profiles must be acquired to

remove any dip ambiguity.

• The maximum source-receiver offset must be large enough to allow at least four

geophones to pick up refraction arrivals from the deepest refractor of interest.

• Refraction cables are to have takeouts spaced 10-50 ft apart.

6.6.2.2  Data Acquisition

Geophone Placement

Good geophone coupling is important for identifying first breaks accurately. Scrape off the

first few inches of loose topsoil and vegetation, and then push the geophones firmly into the

ground. Once each geophone is planted, apply slight pressure by hand to detect any tendency to

wobble. Replant the geophone if any motion is detected.

Seismic Source Selection

Several seismic sources are available for refraction surveying. For each site, choose the

source chosen that gives adequate signal strength, ease of use, and reasonable cost in the local

surface and soil conditions. The Betsy Seisgun, the tool of choice in many surveys, employs an

industrial shotgun firing shells with powder only. This source gives adequate signal with

reasonable frequency content in most cases. The standard operating procedure for safe operation of

the Betsy Seisgun is in Appendix E, Section E.4. Other sources that can be used are

sledgehammer blows on a metal plate, an accelerated weight drop such as the Bison Elastic Wave

Generator, a vibrator, or small buried charges.

6.6.2.3  Data Processing

Shortly after acquisition, process data on a portable computer in the field. Continually

monitor the SNR, frequency content, and overall signal quality. Interactively identify first breaks
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as soon as possible after recording, and make adjustments in spread offsets as needed. Process

refraction data by using the GREMIX software package from Interpex, Ltd., or equivalent. This

software is based on the general reciprocal method; it produces a complex multilayer model in

which velocities may vary laterally.

6.6.2.4  Calibration

Conduct comprehensive tests before the instruments arrive on the site to ensure that filters,

amplifiers, and analog-to-digital conversion circuits are within specifications. Perform daily checks

to calibrate the polarity and timing of each data channel. Generate read-after-write paper records for

each shot record to verify digital recording of data. Calibrate velocity measurements against the air

wave velocity, known to be 1,087 ft/s.

6.6.3  Seismic Check Shot Surveys

Surface seismic reflection surveys record the time required for a pulse of energy created at

the surface to travel into the ground, be reflected from an acoustic impedance contrast, and travel

back to the surface. Converting time to depth requires an accurate knowledge of the subsurface

velocity profile. Some velocity information can be obtained from the observed behavior of

reflection arrival times as a function of offset, but a check shot survey is much more reliable in

providing detailed information about velocities. The subsurface velocity profile also helps in

interpreting seismic refraction surveys. Such a profile is generated by making measurements of the

time required for a burst of energy created at the surface to travel to known depths in the

subsurface. These measurements can be made either by placing a geophone in an existing borehole

or by using the seismic capability of the ECPT vehicle (Section 6.5).

The check shot survey consists of a series of shot records, in which the output of a surface

energy source is recorded with a downhole geophone or ECPT cone positioned at various depths.

The first arrival of energy at each geophone provides a direct measurement of the travel time

required for the energy to reach a known depth; interval velocities are determined by noting

differences in the arrival times at different depths.

The seismograph used in the surface geophysical surveys is also used for the downhole

check shot survey. See Sections 6.6.1.1 and 6.6.2.1 for seismograph specifications. The

downhole geophone assembly must have some mechanism, either hydraulic, pneumatic, or
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mechanical, for pressing the geophone against the side of the borehole for good coupling. The

geophone may have only one component (vertical) for P-wave check shot surveys, but it must

have three components (vertical plus two orthogonal horizontal components) for S-wave check

shot surveys. An orientation sensor is desirable for S-wave check shot surveys.

The source and receiver systems in the ECPT have capabilities and specifications similar to

those of the regular seismic systems, except that obtaining data is much easier with the ECPT, and

data points can be taken at much smaller depth intervals with little impact on survey time. P-wave

energy is generated for ECPT check shot surveys with either a hammer and plate placed beside the

truck or with an onboard hydraulic source. S-wave energy is generated in opposing horizontal

directions with an onboard hydraulic source.

6.6.4  Resistivity Surveys

Resistivity surveys with appropriate array configurations are useful where major resistivity

changes occur at relatively shallow depths. Such surveys can map the water table, as well as

interfaces between major types of lithologies (e.g., clay to limestone or clay to sand).

6.6.4.1  Survey Parameters and Equipment Requirements

Resistivity measurements require two electric dipoles, with a smaller receiver dipole

centered at the same location as the transmitter dipole. A constant direct-current voltage is supplied

to the transmitter dipole, and the resulting voltage drop is measured across the receiver dipole.

Larger dipoles permit greater depths of penetration. Moving the electrodes farther apart allows

measurement of the apparent resistivity of deeper sections of the subsurface and generates a vertical

electrical sounding. The data allow interpretation of subsurface layers with different resistivity

characters. Determine the optimal array configuration and electrode spacing by field testing.

Equipment to make resistivity measurements is mature and available from a number of

sources including ABEM, Inc., and Bison Instruments. These systems include a receiver,

transmitter, electrodes, and wire. Any commonly used system is appropriate for measurements at

former CCC/USDA facilities.
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6.6.4.2  Data Processing

No conditioning of resistivity data is required. Interpret each vertical electrical sounding by

developing a multilayered resistivity model of the subsurface. Software to develop and compute the

models, such as the RESIX program from Interpex, Ltd., is commonly available.

6.6.4.3  Calibration

Calibrate instruments with an ohmmeter. To ensure that the measured current is entering the

ground, enhance the electrode coupling by soaking the area around the electrodes with water.

Calibration of the interpreted geoelectric section depends on correlation with complementary

information related to ground resistivity from sources including borehole resistivity or induction

logging and published results of electrical or electromagnetic surveys in the area. Calibrate

interpreted results by correlation with subsurface geologic and geohydrologic conditions found

directly through drilling and sampling or indirectly through other geophysical methods.

6.6.5  Induction Logging

Induction logs run in preexisting wells and in wells drilled during the field program aid in

correlation of subsurface geology and generate conductivity parameters as input for surface

electromagnetic surveys. The induction logging tool is the Geonics EM-39, with the Mount Sopris

logging unit. The EM-39 operates through the use of a continuous-wave, 39.2-kHz signal. The

transmitted primary-field signal induces a secondary current in conductive subsurface formations.

The secondary currents create magnetic fields that are detected by a receiver coil placed 50 cm

from the transmitter coil. A third coil placed midway between the transmitting and receiving coils is

used as a focusing or compensating coil to reduce sensitivity to borehole fluid and to improve

vertical resolution. The EM-39 has proved to be a valuable tool for accurate conductivity

measurements. Induction logging can be performed only in holes cased with PVC or some other

nonconductive material.

Calibrate the EM-39 against a known standard before it is shipped to the field. Set the tool

to zero before each run. To do this, a staff member holds the device above his/her head, as far

away as possible from the ground and any metal structures.
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6.6.6  Gamma Logging

In gamma logging, a sodium iodide gamma particle detector measures the passage of

gamma particles into the logging tool’s receptor in counts per second. Gamma particles are

produced by the radioactive decay of naturally occurring uranium, potassium, and thorium in soil

and rock. Gamma logs run in preexisting wells and in new wells drilled during the field program

can be used to differentiate lithologies and aid in geologic correlation.

Calibrate the gamma logging tool against known standards before it is shipped to the field.

Because the accuracy of gamma logging is crucially dependent on logging speed, ensure that the

rate of descent or ascent of the tool is slow enough to allow for proper accumulation of statistics.

6.7  Hydrogeologic Testing

The hydraulic parameters of an aquifer, aquifer system, or well installation are determined

by using conventional well pumping (pump test or step test) or well response (slug test)

techniques. These tests are used primarily to estimate aquifer transmissivity and storativity;

however, under certain conditions, aquifer tests also provide information on the confined,

unconfined, or semiconfined nature of the aquifer; vertical and horizontal isotropy within the

aquifer; aquifer boundary conditions; and the vertical hydraulic conductivity of confining beds. The

procedures used to select and conduct aquifer tests are similar to those described in the ASTM

standards D4043 and D4044 (available from the ASTM at the Internet location

http://www.astm.org) and discussed in standard texts such as Freeze and Cherry (1979) and

Kruseman and deRidder (1991).

Determine the form, location, and number of aquifer test(s) to be employed at any site on

the basis of the unique hydrogeologic characteristics of the site and the specific technical objectives

of the site investigation. Design the aquifer testing program after development of the conceptual

understanding of the site geology and hydrogeology, including information on the thickness,

lithology, stratification, depth, continuity, and boundary conditions of the aquifer system and the

characteristics of groundwater flow.

Detailed procedures for measuring water levels in wells are in Appendix E, Section E.1.
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6.7.1  Aquifer Pump Testing

A pump test or constant-discharge test is typically carried out by using a centrally located

pumping well and at least one nearby observation well. Record the decline of the groundwater level

in the developing cone of depression around the pumping well to the nearest 0.01 ft by using

automatic data recorders and pressure sensors. Monitor static water levels in the pumping and

observation wells for several days before the aquifer test, and record local variations in barometric

pressure and precipitation both before and during the test to permit correction of the test data for

possible background trends in water level variations, aquifer barometric efficiency, or both. The

duration of the pumping depends on the hydrogeologic characteristics of the site, but it typically

ranges from 12 hr to 72 hr. Water level recovery is monitored for a similar period after

termination of pumping.

6.7.2  Step Testing

A step test or variable-discharge test is carried out by monitoring the water level response,

usually in a single well, as it is pumped at successively higher rates in a series of three to four

stages or steps. The duration of each step is variable, but it typically ranges from 1 to 3 hr. Record

water level data to the nearest 0.01 ft by using either an automatic data recorder and pressure

sensor or a manually operated water level probe, depending on the specific conditions of the well

installation. Step test drawdown data are used to estimate the pumping efficiency or degree of

development of the pumping well installation. Water level recovery data recorded upon termination

of pumping can also give an estimate of aquifer transmissivity (Kawecki 1993).

6.7.3  Well Response Testing

Well response tests or slug tests are performed in a single well by causing a rapid change

(either rise or fall) in water level within the well casing, then recording the subsequent recovery of

the water column to its predisturbance level. Slug tests are performed by using a modification of

the methods described by Prosser (1981) and Kelly (1991), in which gas (air or inert gas)

pressure, supplied from a mechanical compressor or storage tank via a suitable wellhead manifold,

is used to depress and stabilize the water level within the well casing. To initiate the test, release the

pressure, creating a condition equivalent to an instantaneous drop in head. Monitor water level

recovery by using a pressure transducer and automatic logger capable of a high data acquisition

rate. Repeat the slug test procedure at least three times for each well tested.
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6.7.4  Analysis of Aquifer and Well Test Data

Interpret aquifer and well test data by using documented procedures that are appropriate to

the specific conditions of each test. Analytical methods for test evaluation are described in ASTM

standards D4104, D4105, and D4106 (available from the ASTM at the Internet location

http://www.astm.org), as well as in standard texts and publications (e.g., Freeze and Cherry 1979;

Kruseman and deRidder 1991; Kawecki 1993). Commercially available well test analysis

packages, such as AQTESOLV (Geraghty and Miller Software, Reston, Virginia) and AquiferTest

(Waterloo Hydrogeologic, Inc., Waterloo, Ontario, Canada) incorporate many of these procedures

and are also used.

6.8  Computer Data Analysis

Computer operations in the field and in the laboratory reflect Argonne’s multidisciplinary

QuickSite® approach to problem solving. The diverse suite of computer applications used was

chosen by scientists in different fields. Where necessary, the computer staff extracts data from the

master database in a common format for processing in the various programs. The computer

programs used are described below.

6.8.1  Requirements and Strategy

The ESC process has two basic requirements for computer data analysis. The first

requirement is for real-time retrieval, analysis, and display of data as it is collected. This interactive

function, performed in the field, provides field crews with the daily information needed to make

decisions regarding drilling, sampling, and data acquisition. The second requirement is for

organization of data sets into databases, integration of various data types, and display of final

results of data analysis. This function, which requires more sophisticated equipment and analytical

procedures, is performed at Argonne.

The strategy for meeting these two distinct requirements employs two levels of computer

equipment and software. In the field, data analysis is performed with portable computer

equipment, with software that is especially suited to the rapid analysis of the specific data sets to be

acquired in a given field operation. In the laboratory, sophisticated analytical software operating on

more powerful desktop computers is used for final integration and graphic representation of data.
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Communication between the field system and the laboratory system is maintained during

field operation by daily electronic transfer of data. Use of a common input data format for field and

laboratory programs ensures compatibility of the two systems.

6.8.2  Staff and Equipment

The in-field computer procedures and software applications integrate the field data to help

the scientists visualize site conditions quickly and make optimal decisions. Constant

communication between the computer staff and the management staff allows for quick turnaround

and thoroughness. Rapid site characterization demands that the direction of field activities be

changed on the basis of new information. Therefore, the computer staff monitor the coordination

of site activities to ensure that all data are incorporated into the computerized site database and

distributed as rapidly as possible. Upon return from the field, more comprehensive analytical data

are available, and more extensive processing and modeling are performed. The interpretations may

be refined later, but in the field scientists across the technical areas need immediate access to a

graphic representation of the developing conceptual model of the site.

The scientists conducting the field investigations are occupied with monitoring instruments

and crews. To ensure that data input is immediate, the computer staff circulate regularly among the

field activities to retrieve the latest test results. An on-site photocopier allows for quick duplication

of logbooks without delaying the field crews. The data are updated throughout the day, not only at

the completion of field work each day. These procedures require the computer staff, not the field

scientists, to assume responsibility for collecting test results for data entry.

The computer staff includes (1) field personnel who retrieve, compile, and display data for

immediate use by the field crew and (2) home base operators who integrate all data into a

permanent database and generate final report displays. A field computing center is set up near the

work site, preferably in the recreational vehicle that offers on-site indoor work space. Some or all

the equipment might be in the living quarters of the team if no other space is available. Equipment

available in the field includes portable laptop computers, desktop computers, printers, and copiers.

Specific equipment to be taken to the field depends on the size and duration of the field project.

Equipment maintained in the laboratory includes a Sun SPARCstation, Macintosh and

Intel-based personal computers, and dedicated printers and plotters. Laboratory computers are used

for data analysis and visualization functions that include spatial and relational database
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development, geophysical data processing, groundwater modeling, log plotting, and cross section

refinement. A variety of software packages is used to create final data displays for incorporation

into project reports.

6.8.3  Computer Software for Field Operations

In the field, data are entered or imported to the extent possible into data tables via

spreadsheets. The tables are designed for compatibility with and eventual importing into the master

relational database. Data extracted or derived from the master files are used by the computer staff

and other scientists in a number of software packages. Those listed below are currently being used.

Most are representative of a number of commercial packages that perform similar functions. The

programs can be operated on portable computer systems that can be used on-site during field work.

Their function is to immediately compile and integrate data for use in evaluating the progress of

field activities.

6.8.3.1  Excel

Microsoft Excel, from Microsoft Corporation, Redmond, Washington, is run on personal

computers to create and manipulate data files in a format that is accessible to both field and

laboratory computer programs. Handwritten information (such as geologic logs and location

coordinates) and ASCII files produced by various data loggers are entered or imported into

preformatted Excel spreadsheets and exported to analytical software packages. The data can also be

plotted easily by the charting functions in the Excel spreadsheet.

6.8.3.2  Access

Microsoft Access from Microsoft Corporation, Redmond, Washington, is used in

conjunction with Excel, MapInfo, and the EarthSoft EQuIS database programs for database

management. Access has file format compatibility with these programs, and its report generation

and query facilities expedite data reporting and manipulation.
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6.8.3.3  LogPlot 2001

Geologic descriptions of boreholes, geophysical logs, ECPT logs, and chemical sampling

results are compiled and displayed with LogPlot 2001 from RockWare, Inc., Golden, Colorado.

This program allows integration and comparison of various data types from a single location.

6.8.3.4  Software for Geologic Sections

Argonne has developed custom software for geologic sections.

6.8.3.5  MapInfo

Accurate base maps of a project area are constructed before field work begins, and

MapInfo, a product of MapInfo Corporation, Troy, New York, is used in the field to generate

updated maps showing planned and completed field operations and sampling results. MapInfo

provides scaling, georeferencing, digitizing, and direct linking of data stored in Excel and Access

files.

6.8.3.6  RockWorks

RockWorks from RockWare, Inc., Golden, Colorado, is an integrated collection of earth

science software that runs on a personal computer. RockWorks includes standard geology utilities

for functions such as gridding and contouring, as well as tools for producing geologic diagrams

and for surveying and mapping. RockWorks also includes sophisticated modules for producing

and manipulating borehole logs, cross sections, models, and surfaces. Data sets from the master

database are imported and combined for two- and three-dimensional views of the developing site

model. RockWorks can export data in multiple formats.

6.8.3.7  Surfer

Surfer, from Golden Software in Golden, Colorado, is a contour and three-dimensional

surface-mapping package. Surfer is used to generate contour maps and related interpretive displays

from geologic, geophysical, and chemical data that are associated with geographic coordinates.
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AutoCAD maps and spreadsheet or text data files can be imported for plotting. Surfer creates

contour plots with regular or irregular contour intervals, automatic or user-defined color zones, and

color or pattern fill between contour lines. The maps can be displayed, printed, or exported to other

software packages.

6.8.3.8  AQTESOLV and AquiferTest

AQTESOLV (Geraghty and Miller Software, Reston, Virginia) and AquiferTest (Waterloo

Hydrogeologic, Inc., Waterloo, Ontario, Canada) are menu-driven applications for IBM-

compatible personal computers that determine hydraulic properties of aquifers from pumping test

and slug test data. Both packages allow on-screen visual matching of type curves to test data and

automatic curve matching through nonlinear least-squares parameter estimation.

6.8.3.9  GORILLA!

GORILLA!® from A.P. van den Berg Machinefabriek B.V., Heerenveen, The

Netherlands, is the data acquisition and display software used with the ECPT rigs. This software

provides a graphic presentation of ECPT data for review by field scientists. Its layout editor allows

creation of custom graphic displays and simultaneous printing of multiple ECPT tests.

6.8.4  Computer Software for Laboratory Operations

Diverse software programs are used in the laboratory in functional areas including (1) map

creation, (2) spatial and relational database management, (3) data analysis and visualization,

(4) geophysical data processing, and (5) groundwater modeling. Many of the applications used in

the laboratory are also used in the field. The software used for laboratory functions is described

below.

6.8.4.1  Map Creation

The base map for a site is digitized before field work begins, often with the use of

AutoCAD from AutoDesk, Inc., Sausalito, California. The base map represents the surveyed X

and Y locations for the site and surrounding areas. Large-format copies of the base map, produced
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before field mobilization, are distributed to project personnel and posted at the field computing

center. AutoCAD sometimes is used to create original base maps in the field. Once the base map

has been produced, it is imported into MapInfo (MapInfo Corporation, Troy, New York), from the

spatial database carried to the field.

Original mapping sources vary, but most are derived from U.S. Geological Survey

1:24,000 topographic maps. Many of these, along with Digital Elevation Models (DEMs), are now

available digitally, allowing the maps to be imported directly into MapInfo without AutoCAD

digitizing. Other map sources include state, county, and municipal records and reports. Paper

formats require either digitizing or scanning and registration before electronic use. MapInfo

projection and translation routines allow all these maps to be viewed in a common reference grid.

Aerial photos provide records of previous structures and land use. Software programs

might be required to “warp” a photo to a vector map. Software that has been used to integrate raster

images and vector files includes DIMPLE, remote sensing image analysis software from Process

Software, University of Wollongong, New South Wales, Australia; ENVI, hyperspectral image

processing software from Eastman Kodak, Rochester, New York; and MapInfo.

6.8.4.2  Spatial and Relational Database Management

Two relational database management systems from EarthSoft, Inc., of Pensacola, Florida,

are used to organize and archive site data. EQuIS Geology, used for geologic logs, ECPT

electronics files, water level measurements, borehole coordinates, and other subsurface

parameters, includes links to GMS (Section 6.8.4.3) and LogPlot. Because the database files are

in Microsoft Access format, reporting and exporting can be done from Access as well as from

EQuIS. SQL Server and Oracle versions are also available.

EQuIS Chemistry is used to store and manage analytical data. It includes templates for data

input from Excel and can also accommodate various electronic data deliverable (EDD) formats.

Like EQuIS Geology, it has links to GMS, LogPlot, and other popular geoscience programs, and

it stores data in Microsoft Access format.

Relational data from EQuIS Geology and Chemistry are displayed in MapInfo, so that the

contaminant extent can be viewed on any of the maps incorporated into the MapInfo spatial
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database for a site. Because each EQuIS data record is linked to a specific geographic location

(usually a well or soil boring location), all data can all be visualized in MapInfo.

MapInfo is augmented by its optional programming language, MapBasic, also from

MapInfo Corporation, Troy, New York. This language allows customization and automation of

graphic data displays, such as posting of analytical values by depth on borehole maps.

6.8.4.3  Data Analysis and Visualization

Data visualization is a term that encompasses the integration of all data sources into a

graphic, spatial display that helps scientists interpret results and communicate the findings of a site

characterization. A number of the software programs already discussed contribute to visualization

of site data. The representation builds from two-dimensional plots and maps, logs, and cross

sections developed in the RockWare software, plus groundwater modeling outputs, to three-

dimensional views produced in Surfer, Visual MODFLOW, RockWorks, and Slicer Dicer from

PIXOTEC, LLC, of Renton, Washington. The final displays for project reports are often produced

as a graphic combination of output from many of these packages in a computer graphics program

such as Adobe Illustrator from Adobe Systems, Mountain View, California.

Several software packages are used to analyze data for significant features. Slicer Dicer

(available separately or bundled with RockWorks) enables many different two- and three-

dimensional representations of large data sets. PV-WAVE from Visual Numerics, Boulder,

Colorado, provides integrated graphics, image processing, statistics, signal processing, and

mathematical capabilities. It allows users to interactively access, analyze, manipulate, and visualize

multidimensional data to understand trends, draw conclusions, and produce results.

Two groundwater modeling software packages also include tools for site visualization.

Groundwater Modeling System (GMS), developed under the direction of the U.S. Army Corps of

Engineers and with support from the Department of Defense, DOE, and the EPA, provides a

complete groundwater modeling environment, integrating models (e.g., MODFLOW,

MODPATH, MT3D) with tools for site characterization and model conceptualization. Visual

MODFLOW, from Waterloo Hydrogeologic, Inc., of Waterloo, Ontario, Canada, also provides a

graphic modeling environment in three-dimensional space. These programs are used as tools to

integrate site characterization findings and reveal the implications.
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6.8.4.4  Geophysical Data Processing

Processing of geophysical data is discussed in Section 6.6.

6.8.4.5  Geochemical Interpretation

Software used for geochemical interpretation of groundwater analyses for QuickSite®

investigations includes geochemical plotting programs, geochemical modeling programs, and

combined modeling and plotting programs. Appropriate software is selected to fit the scope of each

geochemical investigation.

Microsoft Excel is a spreadsheet used as a geochemical plotting program to convert

chemical concentrations to milliequivalents per liter, compute the charge balance, and plot Piper

diagrams. This simple plotting program enables evaluation, classification, and grouping of sample

points.

Visual MINTEQ is a geochemical modeling program (a Windows version of MINTEQA2

version 4.0) from Kungl Teknisks Högskolan (Royal Institute of Technology), Stockholm,

Sweden. MINTEQA2 is an equilibrium speciation model that calculates the equilibrium

compositions of dilute aqueous solutions in the laboratory or in natural aqueous systems.

Specifically, the model calculates the equilibrium mass distribution among dissolved species,

adsorbed species, and multiple solid phases under a variety of conditions including a gas phase

with constant partial pressures. The comprehensive database included is adequate for solving a

broad range of problems without additional user-supplied equilibrium constants. PHREEQC is a

similar program from the U.S. Geological Survey that performs a variety of geochemical

calculations for low-temperature aqueous systems. Results from these programs are produced in

tabular form. Graphic displays of the results, such as Piper, Stiff, or Schoeller diagrams, can be

generated separately. Online software sources are as follows:

• Visual MINTEQ:

http://www.lwr.kth.se/english/OurSoftWare/vminteq/index.htm

• PHREEQC:

http://wwwbrr.cr.usgs.gov/projects/GWC_coupled/phreeqc/index.html
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The third geochemical interpretation software category links basic geochemical calculations,

modeling software, and graphic displays in a single package. In this category, Argonne uses

AquaChem software (from Waterloo Hydrogeologic, Inc., Waterloo, Ontario, Canada), as the

primary geochemical processing software for QuickSite® investigations. AquaChem, which

combines processing and plotting software with the PHREEQC geochemical modeling program,

can generate Piper, Stiff or Schoeller diagrams to display geochemical data.

6.8.4.6  Groundwater Modeling

Software used in the laboratory for groundwater modeling includes MODFLOW,

MODPATH, GWPATH, ODAST, BIOSCREEN, AT123, MT3D, Surfer for Windows,

Processing Modflow, Visual MODFLOW, and SESOIL. See Section 6.9 for details about

groundwater modeling.

6.9  Groundwater Modeling

Groundwater modeling as discussed here consists of the mathematical simulation or

prediction of groundwater movement, or of coupled groundwater flow and contaminant transport,

in the subsurface on the basis of fundamental mass and momentum balance equations that describe

these processes. (See, for example, Anderson and Woesner 1992.) In the context of the

QuickSite® process, groundwater modeling can play a number of roles. In earlier stages of an

investigation, mathematical modeling is a tool in interpreting and integrating available field data and

in refining the site conceptual hydrogeologic model. In later phases, mathematical simulations can

predict the expected performance of alternative groundwater remediation scenarios and provide

input for the estimation of health and environmental risks. Throughout the site investigation,

models provide a means of (1) evaluating possible groundwater flow and contaminant transport

mechanisms and (2) illustrating flow and transport patterns in complex hydrogeologic systems.

To use groundwater modeling effectively in such varied ways, the detailed aspects of

model formulation, calibration and testing, application, and subsequent documentation must be

individually tailored to the specific hydrogeologic setting and technical program objectives

identified for each site. The general guidelines below are applicable to all modeling programs in

QuickSite® investigations.
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6.9.1  Model Formulation

Site-specific groundwater flow and transport models are developed by using published or

commercially available modeling packages (typically computer program codes) that (1) have been

extensively tested, (2) are fully documented, and (3) have an established track record of

acceptance by environmental regulatory and other agencies involved in the investigation of

groundwater issues. Modeling packages and supporting software currently available for use in

QuickSite® investigations are briefly summarized below. All of the programs listed are available

for use on either desktop or portable, Intel 80 X86 (X = 3 or greater) or Pentium-based computers.

The programs are as follows:

• MODFLOW

MODFLOW is a modular, three-dimensional, finite-difference code originally

developed by the U.S. Geological Survey (McDonald and Harbaugh 1988).

The code has subsequently been updated and enhanced many times

(e.g., Harbaugh and McDonald 1996; Harbaugh et al. 2000) for the simulation

of groundwater flow in complex, heterogeneous aquifer systems. Capable of

representing a wide variety of groundwater source, sink, and boundary

conditions under both steady-state and transient flow conditions, MODFLOW

interfaces directly with both the MODPATH and MT3D packages.

• MODPATH

MODPATH is a semianalytical code developed by the U.S. Geological Survey

(Pollock 1989) to calculate three-dimensional particle tracking (advective

transport) path lines on the basis of output from steady-state simulations

obtained with MODFLOW. MODPATH supports all steady-state groundwater

source, sink, and boundary condition options available in MODFLOW.

• GWPATH

GWPATH is a numerical particle tracking code (Shafer 1992) for the estimation

of advective transport path lines in two dimensions. It will accept output from

any steady-state, numerical or analytical, saturated groundwater flow model.

• ODAST

ODAST is an analytical code (Javandel et al. 1987) for the simulation of one-

dimensional solute transport in a uniform flow field. ODAST incorporates the

effects of solute dispersion, decay, and adsorption.
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• BIOSCREEN

BIOSCREEN is a spreadsheet-based analytical model (Newell et al. 1996) for

the simulation of two-dimensional solute transport. BIOSCREEN incorporates

dispersion, adsorption, and biodegradation.

• AT123

AT123 is an analytical code (Yeh 1981; current version available from

International Groundwater Modeling Center, Colorado School of Mines,

Golden, Colorado) for the estimation of transient one-, two-, or three-

dimensional solute transport in a homogeneous, isotropic aquifer with uniform

groundwater flow. AT123 includes the effects of dispersion, adsorption, and

solute decay.

• MT3D and MT3D99

MT3D is a modular numerical code (Zheng 1992, 1996) for the simulation of

three-dimensional solute transport in complex hydrogeologic settings under

both steady-state and transient conditions. MT3D interfaces directly with

MODFLOW and other block-centered finite-difference flow programs. Capable

of representing solute dispersion, adsorption, decay, and chemical reactions,

plus a range of solute sources and sinks, it supports all groundwater source,

sink, and boundary conditions available in MODFLOW. MT3D99 (Zheng 1999)

is an enhanced version of the original MT3D code that incorporates improved

numerical solution techniques for the governing solute transport equations, as

well as provisions for simulating multispecies transport.

• Surfer for Windows

Surfer for Windows is a menu-driven, graphics-based application (Golden

Software 1995) for the production, editing, display, and printing of contour and

three-dimensional surface maps in a range of formats from input X-Y-Z data

sets. Surfer enables the manipulation of input data sets and the gridding of

irregularly spaced data by using multiple interpolation schemes.

• Processing Modflow and Visual MODFLOW

Processing Modflow (Chiang and Kinzelbach 1998) and Visual MODFLOW

(Waterloo 1999) are menu-driven, graphics-based interface programs that can

be used to assemble and edit input data files required for use with MODFLOW,
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MT3D, AND MODPATH, as well as to display and analyze the results of

simulations generated by these programs.

• SESOIL

SESOIL is a seasonal soil compartment model (Bonazountas and Wagner 1984)

for the simulation of groundwater movement and contaminant migration in the

vadose zone. SESOIL integrates the output of three submodels that address,

respectively, runoff from the soil surface, moisture movement within the

subsurface, and pollutant fate and transport (the last by incorporating chemical

partitioning, retardation, and degradation).

The appropriate modeling packages for any given investigation are selected case by case;

however, MODFLOW and MT3D are considered the primary groundwater flow and solute

transport packages, respectively, for most QuickSite® investigations. Other modeling packages in

addition to those listed may be employed as necessary, if they meet the basic acceptability criteria

outlined above.

The physical scale (areal extent and depth) of the hydrogeologic domain to be modeled and

the level of complexity (one, two, or three dimensions; analytical versus numerical solution; scale

of spatial discretization; etc.) to be represented in mathematical models must be tailored to the

specific characteristics of each site. Whenever possible, however, the modeled domain should be

sized to take optimal advantage of any natural physical boundaries or stable hydraulic boundaries

that might affect groundwater flow or solute transport processes near the site. Several models at

different scales might be required, with telescopic mesh refinement (Anderson and Woessner

1992) being used to establish suitable boundary conditions for the site. To the extent possible, site-

specific data (including aquifer characteristics; boundary conditions; water levels; source and sink

locations and flow rates; local rainfall and recharge; surface drainage characteristics; contaminant

properties, concentrations, and distribution) that are relevant to the physical domain and

process(es) being simulated should be used in construction of the models. Where specific data are

lacking, the use of parameter values obtained from previous Argonne investigations at

hydrogeologically similar locations, or from valid published analogs, might be necessary.

6.9.2  Calibration and Testing

Model calibration is routinely carried out by using an iterative trial-and-adjust procedure.

Detailed notes are to kept of each calibration step, so that the chain of adjustments leading to the
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final calibrated model can be evaluated or recreated if necessary. Numerical inverse-modeling

algorithms like the U.S. Geological Survey package MODFLOWP (Hill 1992), may be used

when they are applicable to the conditions of specific investigations.

Evaluation of the model calibration is based on both quantitative and qualitative assessment

of the overall hydrogeologic reasonableness of the model results. Example parameters and

approaches that may be used to develop the calibration include matching of simulated and measured

hydraulic heads under both steady-state and transient flow conditions; comparison of estimated

recharge rates with measured recharge and rainfall data; matching of groundwater flow directions

and hydraulic gradients under steady-state and transient conditions; simulation of aquifer pumping

tests results; matching of documented pumping or natural discharge rates; and simulation of

contaminant migration, plume formation, and concentrations. A quantitative analysis of the

“goodness-of-fit” of the final calibration, in the form of appropriate graphs or tables presenting

residual error values, must be included in documentation of the model.

Sensitivity testing of the resulting calibrated model is carried out by systematically varying

each model input parameter over a range of values, either representing the uncertainty of the

parameter estimated from field data or based on published or Argonne data for the parameter at

analogous sites. A quantitative analysis of the effects of uncertainty in each parameter on the model

calibration, in the form of appropriate graphs or tables presenting change in the calibration versus

change in parameter values, must be included in documentation of the model.

6.9.3  Model Application

Mathematical groundwater flow and transport models might be developed for numerous

reasons as part of the QuickSite® process, and the intended application of any given model might

change during an investigation. The modeler and the project manager are to determine the

suitability of each model for any given purpose. In all cases, a conservative approach should be

used in the selection of appropriate models and key model parameters.

A conservative approach is particularly critical if simulation results are to be used in

prediction of the expected performance of groundwater remediation scenarios or to provide input

for the estimation of health and environmental risks. The results of simulations present an

approximation to the net effects of actual remediation strategies and aquifer system behavior at a

site. These results are subject to uncertainties, and therefore they should be considered a
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semiquantitative guide to expected system performance. Simulations of possible remedial actions

should be based on technically feasible scenarios that are tailored to the specific conditions of the

site and demonstrate the range of cleanup options available. A long-term estimate of conditions

under a no-action alternative, taking into consideration both existing and potential groundwater

discharge points, is to be included. Modeling of solute transport for the prediction of contaminant

levels should include simulations of possible worst-case and most probable contaminant migration

scenarios, in order to provide a conservative range of concentration estimates for use in subsequent

risk assessment calculations.

An analysis of the results of any predictive simulations, including a full summary of all

parameters (pumping rates, well locations, initial concentrations, etc.) used in the predictions, must

be included in documentation of the model application.

6.9.4  Documentation

The exact format and content of the documentation provided for each modeling exercise

will vary in a site-specific way, but the documentation must at minimum include the following:

• A statement of the technical objectives of the modeling exercise

• A summary of the key hydrogeologic factors pertaining to the site that form the

basis of the conceptual model and serve as critical constraints imposed on the

mathematical model

• A description of the basic features of the mathematical model, including

dimensions and orientation of the modeled domain relative to the site and codes

used

• A description of the calibration approach, calibration targets, and all

assumptions used in calibration of the model

• A complete summary of all parameter values incorporated in the final model,

with an evaluation of the resulting goodness of fit
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• A summary of the results of sensitivity testing of the calibrated model, with a

discussion of the identified uncertainty levels

• An evaluation of the impact of model uncertainties, including critical

assumptions, on any conclusions that might be drawn from simulations or

predictions generated with the calibrated model
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Site Safety Review Form
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Site Safety Review Form

Documentation of Changes in Site Health and Safety Plan

Was the health and safety plan followed as presented? Yes: No:

Describe, in detail, any changes to the health and safety plan:

Reason for changes:

Followup, review, and evaluation prepared by: Date:

Discipline:

Approved by:

Project Manager Date:

Health and Safety Coordinator Date:
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Evaluation of Site Health and Safety Plan

Was the health and safety plan adequate? Yes: No:

What changes would you recommend?
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Appendix B:

Tailgate Safety Meeting Form
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TAILGATE SAFETY MEETING
Division Facility

Date Time

Customer Address

Specific Location/Address

Type of Work

Chemicals Used

SAFETY TOPICS PRESENTED
Protective Clothing/Equipment

Chemical Hazards

Physical Hazards

Emergency Procedures

Hospital/Clinic

Hospital Address

Special Equipment

Other

ATTENDEES
Name Printed Signature

Meeting conducted by:

Name Printed Signature

Supervisor Manager
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Appendix C:

Material Safety Data Sheets
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Sample and Document Management Procedures
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Appendix D:

Sample and Document Management Procedures

This appendix provides a framework and specific guidance for maintaining control of

samples and documentation. These procedures are needed to (1) establish the authenticity of the

information generated and (2) facilitate interpretation of sampling and analysis results.

Complete field logbooks, sample labels, and chain-of-custody forms by using waterproof

ink. If weather conditions prohibit the use of ink, use a pencil and note the reason for its use in the

logbook. If an error is made on any field document, make a correction by drawing a single line

through the error and entering the correct information. Initial and date all corrections. If a field

document is damaged, lost, or destroyed, record the serial number of the document and its

position. Do not discard field documents that are voided; they must be maintained in the files for

accountability.

D.1  Sample Documentation and Control

D.1.1  Sample Identification Code

Assign each sample collected for analysis a unique five-digit number selected from a

continuous number series, plus encoded information, to create an alphanumeric identifier or sample

ID. The encoded information is to identify the work site and sample matrix. Additional information

normally specifies the sample location designation (for environmental samples) or the sample type

(for QC samples).

The general system is as follows:

Sample ID: AABBB-C-DDDDD

A Site name (two letters)

B Additional information (letters, numbers, or both; variable

number of characters)

-C- Sample medium (one letter)

D Unique serial number (five digits)
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Though the serial number alone distinguishes the sample uniquely, the additional

information facilitates sample handling and data processing and provides a safeguard against

transcriptional errors. In practice, a block of numbers from a continuous series is assigned to a site

in advance of field work. A number from this series is assigned to each sample at the time of

sampling.

Examples are as follows:

Sample ID: CRSB01-S-10445

CR Craig, Nebraska

SB01 Soil boring number 01, a formally named and mapped location

-S- Soil

10445 Unique number assigned from continuous series

Sample ID: CRQCTB-W-10446

CR Craig, Nebraska

QC Quality control sample

TB Trip blank

-W- Water

10446 Unique number assigned from continuous series

D.1.2  Project Logbook

The project logbook is used to record general information, events, and activities of the

sampling staff and related information that becomes available to the project manager at the site.

The project manager is to complete the project logbook and place it in the project file after

QA review.

D.1.3  Sampling Logbook

The sampling logbook is used (1) to record the activities of a sampling team (for later

reconstruction of the sampling event) and (2) to record location, quantitative information, and

measurements for each physical sample collected.
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The sampling logbook’s cover will clearly display the title, “Sampling Logbook,” in

addition to the

• Logbook number (two-digit numeric),

• Name of the sampling organization, and

• Name of the site.

Each sampling logbook will be bound, with consecutively numbered pages. It will contain the

following forms:

• Sampling Logbook Table of Content

• General Sample Log Sheet(s)

• Monitoring Well Ground Water Sampling Log Sheet(s)

D.1.3.1  Sampling Logbook Table of Contents

The Sampling Logbook Table of Contents form (Figure D.1) will contain the following

information:

• Sampling Location.  A map and written description of the location of sample

collection is to be included in the site-specific sampling plan.

• Date Sampled. Indicate the date (dd/mmm/yy) of sample collection

(e.g., 08/SEP/01). Record the day and year with two numerical digits each.

For the first nine days of the month, use the digits 01 through 09. Follow this

procedure whenever a date is recorded.

• Sample ID Number(s). Indicate the identification number(s) of the physical

sample(s) collected.
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FIGURE D.1  Table of contents for general field logbook.
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• Sample Log Sheet (Page No.). Give the page number within the sampling

logbook where quantitative information and measurements are recorded for the

given location or sample number(s).

D.1.3.2  General Sample Log Sheet

Use the General Sample Log Sheet (Figure D.2) to record information for samples

collected in a variety of environments. Use the Monitoring Well Ground Water Sample Log Sheet

(Figure D.3) to record information for samples collected from monitoring wells. Both forms use a

common second page (Figure D.4).

• Sample ID (root). The unique sample ID (Section D.1.1).

• Collection Date. The date (dd/mmm/yy) of sample collection (e.g., 08/SEP/01).

• Site. The name of the former CCC/USDA facility.

• Collection Time. The time, based on a 24-hr clock (e.g., 0900, 1450), when

the sample material was obtained.

• Sampling Location. The location of the sampled area (specified by code,

description, or both).

• Sampling Point. The exact point where the sample was collected, as indicated

by code, description, and/or coordinates (e.g., N10/E45).

• Sample Depth (below surface). The depth below the ground surface level where

the sample was collected. If a code is assigned, also indicate the actual depth

and the appropriate units.

• Sample Medium. Circle the description that most appropriately describes the

sample material.
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FIGURE D.2  General sample log sheet (front).
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FIGURE D.3  Monitoring well ground water sample log sheet.
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FIGURE D.4  General sample log sheet (back).
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• Field Observations. Record visual or other observations relevant to the

sampling area, the waste source, or the sample itself. Examples are

- Soil — color, texture, moisture, cohesiveness, odor;

- Sediment — exposed or lying under water, texture, color, cohesiveness,

viscosity;

- Water — turbidity, water level, flow, flow rate;

- Drum — container type, size, shape, markings, volume of contents,

viscosity;

- Sampling site — terrain, topography, landforms.

• Field Measurements. Record results of quantitative measurements made of the

sampling area or the sample (e.g., pH, conductivity).

• Sample Type. Indicate the type of sample collected.

• Work Plan Procedure Followed. Confirm that the sampling procedures

specified in Section 6 of this Master Work Plan and in the site-specific work

plan were followed. Record deviations in the space provided and on additional

sheets as required.

• Recorded by (signature). Sign to verify recording of the entries on the form.

• QA Check by (signature). Sign to verify performance of the QA check on the

completed form.

• Sample Number. Indicate the identification number assigned to the physical

sample (Section D.1.1).

• Container Volume. Record the total volume of the sample container in which the

sample was placed (e.g., 250 mL).
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• Container Type. Indicate the type of container, as coded in the footnote on the

form.

• Analysis. Indicate the analysis that will be performed by the analytical chemistry

laboratory (as specified in Section 6.1).

• Preservatives (type/vol). Record the type and volume of preservative(s) added

(if applicable) and the conditions under which the sample was kept.

D.1.3.3  Documentation Process

The sampling logbook is to be completed by the sampling team, with a QA check by the

project manager or designee.

D.1.4  Sample Label

The purpose of the sample label (Figure D.5) is to maintain sample identity. Use self-

adhesive labels preprinted with the site identifier and the series of unique five-digit numbers that

are incorporated into sample IDs as described in Section D.1.1. Add other portions of the sample

identification code as required to identify the sample. If more sample aliquots are collected for

analysis than preprinted labels are available, use standard sample labels from I-Chem Research

(Figure D.6).   

FIGURE D.5  Preprinted
sample bottle label.

FIGURE D.6  I-Chem sample bottle label.
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The sample label is to be completed by the person collecting the sample. After a QA check

by the project manager or designee, enter the label information into the laboratory data management

system during sample log-in. Discard the bottle and sample, as authorized, after analysis.

D.1.5  Chain-of-Custody Record

D.1.5.1  Purpose and Description

Use the Chain-of-Custody Record (Figure D.7) to document transfer in the possession and

custody of samples. The record attests that, from sample collection to laboratory analysis, the

sample was constantly under custody.

The serialized Chain-of-Custody Record forms contain the following information:

• Matrix. The medium (soil/sediment or groundwater) sampled.

• Receiving Lab. The name of the laboratory to which the sample is being sent.

• Shipping Container No. The identifying number of physical description of the

container in which the sample is to be shipped.

• Shipping Info. Carrier airbill number or other pertinent shipping detail.

• ANL Field Contact (name and temporary phone). The name and telephone

number of an individual who can provide information about the sample(s).

• Project/Site. The name of the former CCC/USDA facility where the sampling

was conducted.
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FIGURE D.7  Chain-of-custody record.
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• Sampler(s) (signature). The signature(s) of individual(s) who physically

collected the sample.

• Date of Collection. The date (dd/mmm/yy) of sample collection

(e.g., 08/SEP/01).

• Sample ID Number(s). The identification number(s) of the physical sample(s).

• Number of Containers. The total number of containers used for each respective

sample.

• Analysis. The analysis to be performed on the sample.

• Remarks. Comments about the individual sample(s) (e.g., “Sample container

was broken and discarded.”).

• Relinquished by/Received by, Date, Time. The names of the individual who

relinquished possession and custody of the sample(s) and the individual who

accepted the possession and custody of the sample(s), together with the date

and time of transfer. The first person to relinquish the sample(s) must be one of

the individuals who collected the sample(s).

• Remarks. Comments about all of the samples inventoried on the Chain-of-

Custody Record (e.g., “High-priority sample. Please analyze first and fax

preliminary results to project manager.”).

• For Lab Use Only. Verification by the analytical laboratory sample custodian

that the custody seal and sample containers were intact when they were

received; that the shipment was at the required temperature; and that the sample

labels, tags, and Chain-of-Custody Record agree.

D.1.5.2  Documentation Process

The Chain-of-Custody Record is to be initiated by the sampler, reviewed and signed during

any change in custody, and QA reviewed and signed by the project manager or designee. A copy
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of the record is to be held in the temporary field file until the original is received at the primary

analytical chemistry laboratory. The original record is to be shipped in the container with the

samples to the primary laboratory, in a prominently labeled plastic pouch. There the record is to be

QA reviewed and signed. The record must be included in the project file.

The Chain-of-Custody Record is the critical link between the sampling activities conducted

in the field, the laboratory analyses requested, and the resulting analytical data reported by the

laboratory. The Project QA/QC Coordinator is to perform a cross-check of the samples

documented in the sampling logbook, reported to the laboratory on the Chain-of-Custody Record,

and included in the computer file of samples and analyses to verify the completeness and accuracy

of the recorded information. The Chain-of-Custody Record provides the basis for (1) subsequent

discussion with the analytical laboratory, if necessary, regarding the status of samples and

analyses; (2) documenting receipt of data from the laboratory; and (3) storage and retrieval of the

numerous analytical data packages associated with the project.

D.1.6  Water Level Measurement Logbook

Water levels measured during drilling and construction are not considered part of the water

level database and are to be recorded separately from water level data collected after well

completion. Measure precompletion water levels relative to the ground surface level. Record the

results in the drilling log, the sampling logbook, or both if relevant. Once the well has been

completed, measure water levels relative to an accurately surveyed reference point. Water levels

measured after establishment of the reference point become part of the water level database for a

site. Initially record the water levels measured during the sampling of completed, developed wells

in the sampling logbook, and then transcribe the data to the water level logbook when appropriate.

For long-term water level monitoring programs, use the water level logbook to record

water level measurements referenced to the surveyed point. The water level logbook is to be

bound, with consecutively numbered pages. The cover is to clearly display the title, “Water Level

Logbook,” in addition to the name of the site and logbook number. The water level logbook is to

be completed by the measurement team and included in the project archive.

Procedures to ensure consistency in water level measurements and minimization of random

measurement error are in Appendix F, Section F.2.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 D-17

D.2  Document Control

The goal of document control, adopted from the National Enforcement Investigations

Center (NEIC) Document Control Program, is to ensure that all project documents used by the

sampling and analysis team are accounted for when a project is completed. Table D.1 lists the

principal documents used by the sampling and analysis team.

Document control includes the use of serialized documents, a document inventory

procedure, and a document filing system, as follows:

• Sample labels and Chain-of-Custody Records have preprinted serial numbers.

All issued numbers must be appropriately accounted for.

• The project manager or designee is to inventory all project documents.

• A project file for each site from which samples are collected is to be maintained

by the project manager. At a minimum, the project file must contain all of the

original documents specified in Table D.1. The project file is to contain no

personal observations or irrelevant information. When the project objectives

have been met, the project file is reviewed. Thereafter, it becomes a permanent

evidentiary file. After a document has been deposited in the evidentiary file, it

may be checked out only through the project manager.

D.3 Sample Control

According to the NEIC, a sample is physical evidence collected from a facility or the

environment. Consequently, the gathered evidence must be authentic. Maintaining the authenticity

of evidence is referred to as sample control. The authenticity of evidence depends on its identity

and integrity.

D.3.1  Sample Identity — Sample Label

Sampling team members are to label evidence so that it can easily be identified and

distinguished from similar evidence, from collection to analysis.
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TABLE D.1 Documents used by the sampling and analysis team.

Document

Sampling and Analysis Plan
Project Logbook
Field Logbooks
Sample Labels
Chain-of-Custody Forms
Shipping Forms
Analytical Logbooks, Laboratory Data Books, Calculations, Bench Cards, Graphs, etc.
Correspondence
Report Notes, Calculations, etc.
Litigation Documents
Miscellaneous Photos, Maps, Drawings, etc.
Software Programs
Sampling and Analysis Report

D.3.2  Sample Custody

To establish the integrity of the samples, it might be necessary to demonstrate to a court that

the samples were maintained under custody from the time of collection in the field to the time of

analysis at the analytical chemistry laboratory.

The NEIC considers a sample under a person’s custody when

1. It is in his possession; or

2. It is in his view, after being in his possession; or

3. It was in his possession and he locked it up; or

4. It is in a designated secure area.
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D.3.2.1  Chain-of-Custody Record

The Chain-of-Custody Record (Figure D.7) lists all transfers in the possession of samples.

This piece of documentary evidence attests that the sample was under custody constantly between

sample collection and laboratory analysis.

D.3.2.2  Custody Seals

When they are shipped from the field to the analytical chemistry laboratory, samples pass

through the hands of postal clerks, couriers, and others who are unidentified. However, the

samples are effectively in a secure area. The NEIC procedure requires that a custody seal

(Figure D.8) be affixed to the shipping container in such a way that the integrity of the samples

can be demonstrated if the shipping container is properly secured and it arrives at the analytical

chemistry laboratory with the custody seals intact and with adequate documentation. Therefore,

signatures from intermediary handlers are not required. The custody seal is to be signed and dated

by the individual who prepares the container for shipping at the field site.

D.3.3  Disposal of Samples or Other Physical Evidence

Before any sample or other physical evidence is discarded, the project manager must be

contacted in writing, and specific permission must be received in writing.

FIGURE D.8  Custody seal.
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Appendix E:

Standard Operating Procedures
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Appendix E:

Standard Operating Procedures

E.1  Procedure for Measuring Water Levels in Wells

The accurate and precise determination of groundwater gradients and temporal variations

in groundwater levels requires the monitoring of groundwater levels with a standardized

approach; properly maintained equipment; and careful, thorough record keeping. Here we

describe the methods to be used for monitoring groundwater levels in monitoring wells and for

archiving water level data in the central groundwater level database. Procedures for using water

level recorder software are in Section E.2.

Water levels measured during drilling are not considered to be part of the water level

database and should be recorded separately from water level data collected after well

construction. During drilling, water levels are normally taken relative to ground surface and

recorded in the drilling log, the water sampling logbook (if relevant), or both. Once the well has

been developed and surface construction completed, water levels can be measured relative to an

accurately surveyed reference point. Water levels measured after establishment of the reference

point are considered part of the water level database for a site. Use the procedures outlined here

to ensure consistency of measurements and minimize random measurement error.

Water levels measured after establishment of the reference point are to be recorded in a

dedicated water level logbook or bound (not loose-leaf) field notebook clearly marked with the

name of the investigation site. The water level logbook is to be included in the project archive.

E.1.1  Establishing a Water Level Monitoring Point

Use the following procedure to establish a water level monitoring point:

1. Establish and identify a measurement reference point. The preferred point is

the top of the well casing. Make a permanent mark at the reference point,

preferably a physical mark such as a saw or knife cut, in addition to an arrow

drawn with a marker pen.
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2. Clearly mark the well identification number or the name of the measurement

location near the measurement reference point.

3. Record well identification details in the water level logbook. Note the

measuring reference point position precisely.

4. Measure and record the depth to the groundwater in the well as described in

Section E.1.2.

5. Measure and record the depth of the well by using a weighted tape. Lower the

tape into the well until the tape goes slack. Record the depth of the well below

ground surface, and confirm that the well is clear across the screen interval by

comparing the measured depth with the well construction log.

E.1.2  Water Level Measurement by Hand

Use a graduated electronic water sensor measuring tape (water level meter) to measure

water levels by hand. Check the depth interval markings on the tape periodically by using an

accurate measuring device. The frequency needed for this check depends on the amount of use

and whether the cable is believed for any reason to have been stretched. At a minimum, check

the calibration at the beginning of a new project or sampling program. The steps for the hand

measurement of water levels are as follows:

1. Check for proper operation of the water level meter by immersing the sensor

tip in water. Clean and dry the sensor tip before lowering it into a borehole.

2. Measure the water level by slowly lowering the cable until the sensor

indicates contact with water.

3. Fine-tune the measurement by raising and lowering the cable in gradually

smaller increments until the most precise reading is obtained.

4. Read the depth to the water from the water level meter at the measurement

reference point, and record the value in the logbook. Include the date and time
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of the reading, and note the prevailing weather conditions. Use military time

(the 24-hr clock) for time entries.

5. Compare the water level with any previous data from that site. If the water

level measurement is inconsistent with previous values, take a second reading

for confirmation while the water level measuring device is still in place.

6. Before moving to the next well, decontaminate the portion of the tape and

sensor that was immersed. Spray the cable and sensor with deionized water,

and dry the tip with a disposable paper towel.

E.1.3  Automatically Recorded Water Levels

Accurate measurement of water levels — either with pressure transducers and automatic

data loggers or with self-contained downhole pressure recording devices — demands organized,

thorough, detailed record keeping. Each water level recording system requires a specific set of

protocols to ensure good system operation. For details on operating individual water level

recording systems, refer to the manufacturers’ instructions and manuals. All systems should be

installed with the general procedures described below.

E.1.3.1  Test Setup

The instructions below are applicable to the use of either conventional pressure

transducers (which require a separate data logging unit at the surface) or self-contained

downhole recording devices that are equipped with a vented cable for passive sensor correction

for changes in atmospheric pressure. For simplicity, the term “pressure sensor” will be used to

indicate either type of device.

Set up the water level recording system for a test and begin the test as follows:

1. Measure and record the water level and the depth of the well by using the

procedures in Section E.1.2.
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2. Select a depth of installation for the pressure sensor. This depth must be

within the specified pressure operating range and must allow for the

maximum anticipated water level variation in the borehole. Do not immerse

the pressure sensor beyond its operating depth. Doing so could cause

permanent damage. The operating range of such devices is normally specified

by the manufacturer as pressure in pounds per square inch (psi). Multiply the

value in psi by 2.30667 to convert the value to a water level range.

3. Place a mark on the pressure sensor cable at the selected installation depth. If

the pressure sensor cable is already marked at 5- or 10-ft intervals, select one

of these marks as the pressure sensor installation depth.

4. Lower the pressure sensor into the borehole to the required installation depth.

Attach the pressure sensor securely to the well. In attaching the pressure

sensor, avoid sharp edges that might kink or tear the cable. Do not bend the

cable in curves of radius less than 1 in. Doing so could obstruct the vent tube

in the cable. Protect the wellhead and data recorder against disturbance or

damage due to severe weather, vandalism, curious residents, and traffic.

5. Connect the transducer (if applicable) to the data recorder.

6. Enter the required setup parameters, pressure sensor calibration information,

and details of the desired monitoring schedule. The setup and calibration input

data required will vary for different pressure sensor and data recorder systems

(as specified by individual equipment manuals); however, all tests should be

programmed by using the following guidelines:

• Set data recorders to log water level measurements as depth to water from

the established physical reference point (usually the top of the casing).

• If a recorder reference level (an arbitrary value relative to which all

pressure measurements are reported) is required, set this level at the hand-

measured water level determined in step 9 below. For recorders that allow

a delayed test start (programmed test start), select the option to set the

reference level immediately (when the hand water level measurement is

made), not at the start of data recording.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 E-7

• Check the date and time setting of each data recorder internal clock, and

adjust to local time. If multiple recorders are being installed, synchronize

all internal clocks; this is often accomplished most simply by

synchronizing each recorder to the internal clock of the portable computer

being used to program the data recorders.

• A 4-hr measurement interval, with measurements at 0000, 0400, 0800,

1200, 1600, and 2000 hr, is the standard for long-term water level

monitoring (one week or longer). Shorter intervals (1-10 min) may be

required, however, to provide detailed data on the effects of well pumping.

• Record and double-check the identity of the pressure sensor measuring

each borehole, and the recorder channel to which each sensor is connected

if a multichannel data recorder is being used.

• If permitted by the operating programs, assign each pressure sensor and

recorder a unique name to appear in the water level data file. Assigned

device names should include (if possible) the instrument serial number,

the investigation site name, and the designation of the well being

monitored.

7. Check the pressure sensor response by raising the sensor in the water column

a known amount (the more the better) and taking a new pressure reading.

(Most pressure sensing devices can be interrogated for a reading without

starting to record a test.) The indicated water level change should agree with

the change in pressure sensor height to within 1% or 0.1 ft per 10 ft of water

level change. Depending on the results, do the following:

• If the error exceeds 1%, check all calibration settings. If the error is

confirmed, check the response again by raising the pressure sensor a

known distance. Allow extra time for water levels to reequilibrate to the

change in depth of the sensor.

• If the calibration is accurate, return the pressure sensor to its original

position.
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• If the response test continues to indicate equipment problems, replace the

pressure sensor, and arrange for repair of the faulty equipment.

Note that this test is valid only for boreholes that are approximately vertical. If

a pressure sensor is to be used in a borehole that deviates significantly from

vertical, test the sensor in an alternate, vertical borehole before installation in

the deviated hole.

8. After completion of the response test and return of the pressure sensor to its

original position, allow water levels to reequilibrate fully before moving to the

next step.

9. Hand measure and record the water level again as accurately and precisely as

possible.

10. Set the recording device’s reference water level reading to the water level just

measured by hand.

11. Activate the test to begin recording data per the required measurement

schedule.

12. Confirm that the test has started and that data are being collected successfully

by the recorder.

13. Ensure that all cable etc. connectors and weatherproof caps are properly in

place. Close and secure the well cover and any additional enclosure if an

external data recorder is used. These actions prepare the system to run

unattended.

14. Record all test setup information in the logbook, including pressure sensor and

recorder model and serial numbers, sensor installation depth, and

measurement interval for each test.
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E.1.3.2  Data Downloading

Download data as follows:

1. Upon return to the site, check for signs of damage or disturbance of the well

or recording device since the previous visit. In particular, verify that the

pressure sensor is still set at its original reference position.

2. Take a current pressure sensor reading by interrogating the sensor directly.

3. Take a hand water level reading (Section E.1.2) as soon as possible after the

pressure sensor reading. Record the result in the logbook. Note: Take the

pressure sensor reading before the hand water level measurement to ensure

that the sensor reading is not affected by immersion of the water level meter.

4. Compare the change in water levels (since the previous readings) shown in the

logbook for both the pressure sensor and the hand measurements. When the

automatic water level recorders are functioning properly, the pressure sensor

and hand readings should agree to within 0.05 ft. If the difference is greater,

check both the pressure sensor and hand measurements again. If the difference

is confirmed, check the calibration of the pressure sensor as in step 7 of

Section E.1.3.1. If the calibration is still accurate, return the pressure sensor to

its original position for continued data recording or the start of a new test.

Aside from the pressure sensor, possible sources of calibration error in the

recorded water level data are

• Battery failure,

• Severe temperature changes (verifiable by checking weather records),

• Severe electrical interference from nearby external sources (for example,

lightning strikes),

• Previous inaccurate hand water level measurements (corrected by accurate

readings in the future), and
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• An inaccurate hand water level meter (documented by checking the

calibration of the meter against a reliable measure).

5. Download the data for the current test before stopping the test (if necessary).

For some recording devices, a name derived from the programmed test

information is automatically assigned to the downloaded file. If this is not the

case for a particular recording device, the file will have to be named manually.

To name downloaded data files, create an eight-character code representing

the

• Site name (two letters),

• Well identification (two numbers), and

• Date of download (two letters for the month and two numbers for the date).

Add a three-letter suffix to the eight-character code to name files (.BIN for

binary files or .DAT for ASCII files). An example file name would be

BR01MR20.DAT for the March 20 download from SB01 at Bruno.

For file systems that allow more than eight characters, a longer, more

descriptive file name may be used as long as it reflects the site name, well

identification, and date of download in a clear format. An acceptable example

is BRUNO_SB01_3-20-01.DAT.

6. When the download is complete, convert the data file (if necessary) into a

format (e.g., EXCEL spreadsheet) suitable for quick scanning of the data.

Scan the data to verify that the full data record is in the file and that the

equipment appears to be functioning properly.

7. Stop or continue the current test as required. For some recorders, starting a

new test will reduce the size of the file to be downloaded the next time. It

might also increase the available recorder memory. Some recording systems

permit the internal storage of data sets from multiple tests in nonvolatile

memory. In other systems, all preexisting data in memory must be deleted
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before a new test can be programmed. Never delete any files from the

recording device until downloaded data have been checked and backed up on

floppy disk.

8. If data collection is to be continued, ensure that all cable etc. connectors and

weatherproof caps are properly in place. Close and secure the well cover and

any additional enclosure if an external data recorder is used. These actions

prepare the system to run unattended.

9. At the end of the day, make a floppy disk backup copy of all downloaded

files.

E.1.4  Archiving of Groundwater Level Data

E.1.4.1  Hand-Measured Water Levels

All original water level logbooks or field notebooks containing water level data are to be

included in the project archive. Transcribed copies or photocopies of these documents may not

be placed in the permanent records as a substitute for the original documents. Photocopies of

original documents containing water level data may be entered into the permanent records,

however, if they are particularly relevant to a specific site investigation and this is the only form

in which these data can be obtained. (An example is copies of historic water level measurements

recorded by a municipal official as part of the documentation maintained for a public water

supply system.)

E.1.4.2  Automatically Recorded Water Levels

All downloaded data files obtained from automatic water level recording equipment are

to be archived in the central database. All files must be clearly identified by using the naming

protocols described in Section E.1.3.2. For data downloaded in binary format, a copy of the

original binary file plus a version of the same file in readable format (text, Excel, or similar)

should be retained. The choice of electronic storage medium is at the discretion of the project

manager.
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E.2  Procedures for Use of Water Level Recorder Software

The range of water level sensing and recording devices that are currently available

precludes definition of a standard software operating procedure for use in QuickSite®

investigations. For most such devices, interrogation of the pressure sensor and programming or

downloading of the data recorder is accomplished by using device-specific software installed on

a portable computer. The portable computer is connected to the recorder in the field by using an

interface cable. For other systems, programming is accomplished by using a keypad that is

integral to the recording unit itself. All software programs necessary for the operation of water

level recorders are to be used in accord with the manufacturer’s instructions and with the

procedures specified in Section E.1.3. All personnel required to use these programs and

equipment are to be trained to an appropriate level of proficiency.

Both the portable computer software and operating firmware installed in the data

recorders are to be maintained at the most recent revision level for each specific device type.

E.3  Modifications to Analytical Methods for Volatile Organic Compounds

E.3.1  Headspace Analysis of Vegetation Samples

E.3.1.1  Overview

The AGEM Laboratory has developed a headspace method for the analysis of VOCs in

vegetation samples. The analysis of each sample takes approximately 50 min. The total

analytical capacity for the laboratory is approximately 20 samples per day. The headspace

sampler allows the equilibration of multiple samples to begin during the analysis of previous

samples. The typical detection limit for carbon tetrachloride is 50 ppt (50 pg/g or 0.05 µg/kg).

The typical detection limit for chloroform is approximately 750 ppt (750 pg/g or 0.75 µg/kg),

because the presence of chloroform in the methanol solvent prevents accurate standard

preparation below this level. The system is calibrated for the following VOCs:

• Carbon tetrachloride
• Chloroform
• Tetrachloroethene (PCE)
• 1,2-Dichloropropane
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• Dichloroethenes (DCEs)
• Methylene chloride
• 1,1,1-Trichloroethane

The addition of a flame ionization detector to the gas chromatograph (GC) system in the

near future will allow for the analysis of BTEX (benzene, toluene, ethylbenzene, xylene)

compounds, as well as improved high-level detection of chlorinated species.

E.3.1.2  Procedure

Prepare samples in 20-mL headspace vials. Seal approximately 1-3 g of vegetation

sample (preserved at -70°C) in each vial. Weigh the vial before and after adding the vegetation to

determine the weight of the vegetation sample to 0.01 g accuracy.

Prepare standards by injecting known quantities of dilute standards containing carbon

tetrachloride, tetrachloroethene, and chloroform into a headspace vial. Calibrate the GC system

on the basis of the mass of the VOC present in the vial.

The GC parameters for vegetation analysis are as follows:

• Sampler Headspace
• Oven temperature 90°C
• Equilibration hold time 120 min
• Vial pressurization time 0.20 min
• Loop fill time 0.20 min
• Loop equilibrium time 0.05 min
• Sample injection time 1.00 min
• Oven stabilization time 1.00 min
• Agitation HIGH
• Oven step NO
• Equilibration step increase NO

E.3.1.3  Quality Control/Quality Assurance

A calibration curve (minimum of six points), laboratory blanks, and a sample duplicate

are analyzed with each set of samples. Overall reproducibility is 5-15%.
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E.3.2  Headspace Analysis of Soil Samples

E.3.2.1  Overview

The AGEM laboratory has developed a low-level headspace method for the analysis of

VOCs in soil samples. The analysis of each sample takes approximately 70 min. The total

analytical capacity for the laboratory is approximately 36 samples per day. The headspace

sampler allows the equilibration of multiple samples to be started during the analysis of previous

samples. The typical detection limit for carbon tetrachloride is 50 ppt (50 pg/g or 0.05 µg/kg).

The typical detection limit for chloroform is approximately 750 ppt (750 pg/g or 0.75 µg/kg),

because the presence of chloroform in the methanol solvent prevents accurate standard

preparation below this level. The system is calibrated for the following VOCs:

• Carbon tetrachloride
• Chloroform
• Tetrachloroethene (PCE)
• 1,2-Dichloropropane
• Dichloroethenes (DCEs)
• Methylene chloride
• 1,1,1-Trichloroethane

The addition of a flame ionization detector to the GC system in the near future will allow

for the analysis of BTEX compounds, as well as improved high-level detection of chlorinated

species.

E.3.2.2  Procedure

Prepare samples in 20-mL headspace vials. Seal approximately 1-3 g of soil sample

(preserved at -70°C) in the vial. Weigh the vial before and after adding the soil to determine the

weight of the soil sample to 0.01 g accuracy.

Prepare standards by injecting known quantities of dilute standards containing carbon

tetrachloride, tetrachloroethene, and chloroform into a headspace vial. Calibrate the GC system

on the basis of the mass of the VOC present in the vial.
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The GC parameters for the soil analysis are as follows:

• Sampler Headspace
• Oven temperature 90°C*
• Equilibration hold time 60 min
• Vial pressurization time 0.30 min
• Loop fill time 0.40 min
• Loop equilibrium time 0.10 min
• Sample injection time 1.00 min
• Oven stabilization time 1.00 min
• Agitation HIGH
• Oven step NO
• Equilibration step increase NO

*The high temperature ensures complete evaporation of VOC species in the soil matrix.

E.3.2.3  Quality Control/Quality Assurance

A calibration curve (minimum of six points), laboratory blanks, field blanks, and a

sample duplicate are analyzed with each set of samples. Overall reproducibility is 5-15%.

E.3.3  Purge-and-Trap Determination of Water Samples

E.3.3.1  Overview

The AGEM Laboratory has developed a purge-and trap method for the determination of

VOCs in well water and drinking water samples. This method is a modification of EPA

Method 524.2 for the determination of VOCs in drinking water. In this method, the VOCs are

extracted (purged) from the sample matrix by bubbling an inert gas through the sample. The

purge components are trapped in a specific sorbent tube. Subsequently, the sorbent tube is heated

and backflushed with an inert gas to desorb the components into the gas chromatograph-mass

spectrometer (GC-MS) system.

The compounds eluting from the GC column are identified both by retention time and by

comparison with reference library spectra. The concentration of each compound is calculated

through comparison of the MS response for the quantitation ion to corresponding calibration
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curves or results for internal standards. The analysis of each sample takes approximately 40 min

(including purging and separation/detection time). The total analytical capacity for the laboratory

is approximately 14 samples per day. Instrumental detection limits are 0.04 µg/L for carbon

tetrachloride and 0.02 µg/L for chloroform. Method detection limits are estimated at 1 µg/L for

both components. The system is presently calibrated for the following 23 compounds:

benzene
bromochloroethane
bromodichloromethane
4-bromofluorobenzene
carbon tetrachloride
chlorobenzene
chloroform
dibromochloromethane
dibromomethane
1,2-dichlorobenzene-d4
1,1-dichloroethane
1,2-dichloroethane

1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
fluorobenzene
methylene chloride
tetrachloroethane
1,1,2,2-tetrachloroethane
toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene

E.3.3.2  Procedure

To calibrate the instrument, prepare standard samples with concentrations ranging from

0.5 µg/L to 150 µg/L. Analyze these samples, and prepare a calibration plot. Perform calibration

checks regularly. Place 10-mL samples (instead of the 5-mL samples recommended by the

method) into purge tubes. Add 10 µL each of fluorobenzene (internal standard),

1,2-dichlorobenzene (surrogate), and bromofluorobenzene (surrogate) to each sample, and place

the sample in the autosampler. Analysis parameters are as follows:

• Trap Tenax-silica gel-charcoal
• Desorb temperature -20°C (dry ice cryogenic trap)
• Purge time 11 min
• Desorb temperature 225°C
• Desorb time 4 min
• Line temperature 100°C
• Column 0.25-mm × 30-m DB-624 (Supelco)
• Carrier flow 1 mL/min (He)
• Oven profile 35°C (6 min) to 200°C (2.5 min) at 10°C/min
• Detector Mass spectrometer
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E.3.3.3  Quality Control/Quality Assurance

Laboratory blanks, calibration curves (minimum of eight points), duplicate samples,

calibration checks (RSD [relative standard deviation] < ±20%), instrument calibration (autotune

and 4-bromofluorobenzene [BFB] tune), and surrogate spike recoveries (RSD < ±20%) are

checked/performed for each data set.

E.3.3.4  Modifications of Methodology

The modifications of Method 524.2 are as follows:

• Sample size is 10 mL instead of the 5 mL recommended by the method.

• A Tenax-silica gel-charcoal trap is used in conjunction with a dry ice

cryogenic interface.

• The dry ice cryogenic trap is at -20°C.

• The desorption temperature is increased from 180°C to 225°C.

• A Supelco DB-624 capillary column is used, 30 m long and 0.25 mm in

diameter.

E.3.4  Purge-and-Trap Determination of Soil Samples with Methanol Extraction

E.3.4.1  Overview

The AGEM Laboratory has developed a purge-and-trap method with methanol extraction

for the determination of low levels of VOCs in soil samples. The methanol extraction procedure

resembles the one described in EPA Method 5035 (December 1996; EPA 1998b) for

determination for high levels of VOCs (> 200 µg/kg). The method has been modified to increase

the volume of methanol introduced into the sample cell up to 8 mL and minimize detection

limits. Volumes of methanol under 5 mL are optimal for the analysis and detection of carbon
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tetrachloride in soil samples. For methanol:water ratios of 1:10, the methanol method detection

limits for carbon tetrachloride are 10 µg/kg.

In this method, the VOCs are extracted (purged) from the sample matrix by bubbling an

inert gas through the sample. The purge components are trapped in a specific sorbent tube.

Subsequently, the sorbent tube is heated and backflushed with an inert gas to desorb the

components into the GC-MS system. Parameters are the same as those used for the water

analysis (Section E.3.3.2). The compounds eluting from the GC column are identified both by

retention time and by comparison with reference library spectra. The concentration of each

compound is calculated by comparison of the MS response for the quantitation ion to

corresponding calibration curves or results for internal standards. The analysis of each sample

takes approximately 40 min (including purge and separation/detection time). The total analytical

capacity for the laboratory is approximately 14 samples per day. The system is presently

calibrated for the following 23 compounds:

benzene
bromochloroethane
bromodichloromethane
4-bromofluorobenzene
carbon tetrachloride
chlorobenzene
chloroform
dibromochloromethane
dibromomethane
1,2-dichlorobenzene-d4
1,1-dichloroethane
1,2-dichloroethane

1,2-dichloropropane
cis-1,3-dichloropropene
trans-1,3-dichloropropene
fluorobenzene
methylene chloride
tetrachloroethane
1,1,2,2-tetrachloroethane
toluene
1,1,1-trichloroethane
1,1,2-trichloroethane
trichloroethene

E.3.4.2  Procedure

Prepare samples by placing approximately 10-15 g of soil in a VOC analysis vial. Add an

approximately equal volume (10 mL) of pure methanol. Shake the vial, and allow the contents to

equilibrate for about 24 hr.

To calibrate the instrument, prepare standard samples with concentrations ranging from

0.5 µg/L to 150 µg/L. Analyze the standard samples, and prepare a calibration plot. Perform

calibration checks regularly. Place 10-mL samples (9 mL of water and 1 mL of methanol extract
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after equilibration) into purge tubes. Add 10 µL of internal standard, and placed the sample in

the autosampler. Analysis parameters are as follows:

• Trap Tenax-silica gel-charcoal
• Desorb temperature -20°C (dry ice cryogenic trap)
• Purge time 11 min
• Desorb temperature 225°C
• Desorb time 4 min
• Line temperature 100°C
• Column 0.31-mm × 30-m DB-624
• Carrier flow 1 mL/min (He)
• Oven profile 35°C (6 min) to 200°C (2.5 min) at 10°C/min
• Detector Mass spectrometer

E.3.4.3  Quality Control/Quality Assurance

Laboratory blanks, calibration curves (minimum of eight points), duplicate samples,

calibration checks (RSD < ±20%), instrument calibration (autotune and BFB tune), and surrogate

spike recoveries (RSD < ±20%) are checked/performed for each data set.

E.4  Procedure for Operating the Betsy Seisgun

The Betsy Seisgun (BSG) is a device used to introduce acoustic waves into the

subsurface in conjunction with seismic refraction and reflection geophysical surveys. The BSG

should be used only in conjunction with such surveys; no other use of the device is covered by

this procedure.

The BSG produces acoustic waves in the subsurface by means of the explosive force of a

downwardly fired shotgun shell detonated with the BSG packed into a prepared auger hole.

Detonation occurs when the firing pin is struck by a hammer to which a trigger switch is

attached. When the hammer hits, it simultaneously depresses the firing pin and closes the trigger

switch, sending a time-zero pulse to the recording system.
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E.4.1  Personnel

All personnel, whether performing or assisting in the operation of the BSG, should read

and be familiar with the handbook describing in detail the operation and maintenance of the

BSG. Personnel should use the BSG only in the performance of seismic refraction or reflection

surveys (surface or borehole). Operation of the BSG is to be under the direction of a qualified

geophysicist in conjunction with performance of the seismic survey.

E.4.2  Protective Clothing

Personnel operating or assisting in the operation of the BSG should wear clothing that

allows for freedom of movement and is adapted to the climatic conditions at the survey site.

Clothing should fit so that it does not catch on equipment or hinder the movement of the operator

or assistant.

Personnel operating the equipment should wear modified Level D personal protective

equipment (Sections 3.3.9.2 and 3.3.9.3), plus hearing protection as indicated in Section 3.3.4.2.

E.4.3  Explosive Source

The explosive source for the BSG is an 8-gauge shotgun shell. Argonne personnel will

use only shells prepared by the manufacturer specifically for the BSG, which do not contain shot

material.

All BSG shells will be stored and maintained in accordance with the manufacturer’s

recommendations, as follows:

1. Store in a cool, dry location.

2. Keep away from open flame.

3. Avoid dropping and severe impacts.

4. Do not use if wet or misfired.
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E.4.4  Betsy Seisgun

The BSG is to be operated in strict compliance with the manufacturer’s instructions. The

BSG is a safe instrument when the manufacturer’s directions for operation are followed.

Operate the BSG as follows:

1. Wear the appropriate protective equipment (Section E.4.2).

2. Keep the trigger safety engaged at all times, except just before the shell is

detonated.

3. Load and discharge the shell away from the seismograph operator and other

personnel not associated with the shooting crew.

4. Pack the BSG into the auger hole by using water or sand and water, so that the

force of the detonation goes downward. If water alone is not sufficient, pour

and tamp sand and water into the annular space around the BSG.

5. Construct auger holes 1.5-3 in. in diameter and at least 2 ft deep but no more

than 3 ft deep.

6. Use a splatter shield or similar device over the auger hole to minimize

blowback. Tamping water and sand around the BSG will also minimize

blowback.

7. Auger holes are mandatory even in areas where hard rock lies at the ground

surface. Packing the holes with sand and water will provide the proper safety

margin. If holes cannot be drilled, the BSG may not be used.

E.4.5  Removal of Unspent Shells

One hazardous facet in the operation of the BSG is the removal of unspent shells from the

barrel of the gun. An unspent shell is one that has failed to detonate. No more than two attempts
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should be made to detonate a shell. If the second attempt fails, the shell should be treated as an

undetonated shell and handled as follows:

1. Immediately engage the safety of the BSG.

2. Remove the BSG from the auger hole, and point it away from surrounding

personnel and the operator.

3. Unscrew the barrel of the BSG, and push the shell out of the barrel with the

wooden rod supplied by the manufacturer.

4. Upon removal of the shell, carefully pry open the forward end of the shell

sleeve with a small pen knife, and remove the powder.

5. Mix the powder with soil. Then spread the mixture over the ground in a wide

area.

6. Dispose of the empty shell casing in normal trash.
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Appendix F:

Forms and Diagrams for Drilling Operations in Kansas
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FIGURE F.1  Sample borehole log.
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FIGURE F.2  Details of stick-up well construction.
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FIGURE F.3  Morrison Bros. Co. Model 418XA limited-access manhole (not to scale).
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FIGURE F.4  Details of flush-mount well construction.
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FIGURE F.5  Field record of well construction.
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FIGURE F.6  Kansas water well record, form WWC-5.



Master Work Plan for Former CCC/USDA Facilities in Kansas
Version 01, 12/20/02 F-9

FIGURE F.7  Kansas specifications for flush-mount piezometer installation.
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FIGURE F.8  Morrison Bros. Co. Model 678XA pipe plug (not to scale).
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FIGURE F.9  Kansas specifications for stick-up piezometer installation.
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FIGURE F.10  Kansas water well plugging record, form WWC-5P.




