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ABSTRACT 

On November 8, 1984, Congress enacted the Hazardous and Solid Waste 
Amendments (HSWA) to RCRA. Among the most significant provisions of HSWA are 
§3004(u), which requires corrective action for releases of hazardous waste or 
constituents from solid waste management units a t  hazardous waste treatment, 
storage and disposal facilities seeking final RCRA permits; and §3004(v), which 
compels corrective action for releases that have migrated beyond the facility 
property boundary. EPA will be promulgating rules to implement the corrective 
action provisions of HSWA, including requirements for release investigations and 
corrective measures. 

This document, which is presented in four volumes, provides guidance to 
regulatory agency personnel on overseeing owners or operators of hazardous waste 
management facilities in the conduct o f  the second phase of the RCRA Corrective 
Action Program, the RCRA Facility Investigation (RFI). Guidance is provided for the 
development and performance of an investigation by the facility owner or op?rator 
based on determinations made by the regulatory agency as expressed in the 
schedule of a permit or in an enforcement order issued under §3008(h), 57003, 
and/or 53013. The purpose of the RFI is to obtain information to fully characterize 
the nature, extent and rate of migration of releases of hazardous waste or 

. constituents and to interpret this information to determine whether interim 
corrective measures and/or a Corrective Measures Study may be necessary. 
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DISCLAIMER 

This document is intended to assist Regional and State personnel in exercising 
the discretion conferred by regulation in developing requirements for the conduct 
of RCRA Facility Investigations (RFls) pursuant to 40 CFR 264. Conformance with this 
guidance is expected to result in the development of RFls that meet the regulatory 
standard of adequately detecting and characterizing the nature and extent of 
releases. However, €PA will not necessarily limit acceptable RFls to those that 
comport with the guidance set forth herein. This document is not a regulation (i.e., 
it does not establish a standard of conduct which has the force of law) and should 
not be used as such. Regional and State personnel must exercise their discretion in 
using this guidance document as well as other relevant information in determining 
whether an RFI meets the regulatory standard. 

Mention of company or product names in this document should .not be 

0 considered as an endorsement by the US. Environmental Protection Agency. 
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SUMMARY 

The Hazardous and Solid Waste Amendments (HSWA) to the Resource 
Conservation and Recovery Act (RCRA) were enacted into law on November 8,1984. 
One of the major provisions (Section 3004(u)) of these amendments requires 

~ corrective action for releases of hazardous waste or constituents from solid waste 
management units (SWMUs) at  hazardous waste treatment, storage, or disposal 
facilities. Under this provision, any facility applying for a RCRA hazardous waste 
management facility permit will be subject to a RCRA Facility Assessment (RFA). The 
RFA is conducted by the regulatory agency and is designed to identify SWMUs which 
are, or are suspected to be, the source of a release to the environment. I f  any such 

’ units are identified, the owner or operator of t h e  facility will be directed to perform 
a RCRA Facility Investigation (RFI) to obtain information on the nature and extent of 
the release so that  the need for interim corrective measures or a Corrective 
Measures Study can be determined. Information collected during the RFI can also 
be used by the owner or operator to aid in formulating and implementing 
appropriate corrective measures. Such corrective measures may range from 
stopping the release through the application of a source control technique to a full- 

In cases where releases are sufficiently 
characterized, t h e  regulatory agency may require the owner or operator to collect 
specific information needed to implement corrective measures during the RFI. 

. scale cleanup. of t h e  affected area. 

This document provides the owner or operator with guidance on conducting a 
RCRA Facility Investigation. Based on release determinations made by the 
regulatory agency (generally-resulting from the RFA), the owner or operator of a 
facility will be notified, through an enforcement order or permit conditions, of 
those unit(s) and releases (known or suspected) which must be fu r the r  investigated. 

I 

This guidance is divided into fifteen sections presented in four volumes. 
Volume I presents recommended procedures to follow in developing a work plan 
for conducting the investigation. It also desctlbes t h e  criteria that the Agency will 
use to interpret the data collected during the RFI. This interpretation IS an integral 
part of the RFI and is discussed in Section 8, which describes the Health and 
Environmental Assessment (HEA) that is conducted by the Agency. The primary 
eiement of the HEA is a set of criteria (chemical concentrations), agarnst which 
co n ce n t ra t i o n s t h e re 1 e ase of h a z a rd o us co n s t  i t u e n ts id e n t i f i ed d u r i n g 

xix 



characterization are compared. The health and environmental assessment is used in 
determining the need for a Corrective Measures Study (CMS) or Interim Corrective 
Measures (ICM), and is based primarily on EPA-established chronic-exposure limits. 

Volumes II and 111 describe specific methods for characterizing the nature, 
extent, and rate of contaminant release to soil, ground water, subsurface gas, air, 
and surface water. Each medium-specific section contains an example strategy for 
characterizing releases, which includes characterizing the source and environmental 
setting of the release, and conducting a monitoring program that will characterize 
the release. Also, each section provides a checklist of information that may be 
needed fot release characterization, formats for data presentation, and field 
methods that may be used in the investigation. Highlights of the medium-specific 
sections are provided below. 

Section 9 (SOIL) . 
0 Gives specific emphasis to  the potential for inter-media transfer of 

releases from the soil medium to other media; 
. .  

Explains the significance of surficial soil and deep soil contamination; 
and 

0 Highlights the role 0.f leaching tests. 

Section 10 (GROUND WATER) 

References the RCRA Ground Water Monitoring Technical Enforcement 
Guidance Document (TEGD) to characterize site hydrology; 

0 Encourages the use of f low nets for interactiveherifiable s i te  
characterization; and 

0 Focuses on basement seepage as an important pathway for contaminant 
migration and exposure. 

.. . 

. 2.. '2'2 c 

xx 



355 

Section 11 (SUBSURACE GAS1 

0 focuses on methane gas from refuse landfills because of i t s  explosive 
properties, as well as volatiles from underground tanks; 

Emphasizes the importance of subsurface gas as a pathway for inter- 
media transport (e.g., transfer of contamination from subsurface gas to 
soil and air); and 

0 Presents a subsurface gas migration model, detailed in in Appendix 0. 

Section 12 (AIR1 I 

Addresses monitoring and modeling of unit emissions and dispersion 
modeling for off-site receptors a t  or beyond the facility property 
boundary; and 

Provides an air release screening assessment methodology that may be . 

used as a transition between the general quality determinations made in 
the RCRA Facility Assessment (RFA), regarding air emissions that warrant 
the actual performance of an RFI. 

Section 13 (SURFACE WATER1 

Emphasizes the importance of understanding the form and frequency of 
releases to surface water and the role of biomonitoring; and 

0 Explains when sampling bottom sediments is important. . .  

Volume IV presents a number of case studies selected to illustrate various 
concepts and procedures presented in Volume 1,  I1 and 111. Most of the case studies 
are based on actual sites. In some cases, existing data have been supplemented with 
hypothetical data to illustrate a particular point. 

23 

xxi 



Prior to conducting the investigation, the owner or operator will in most cases 
be directed, through a permit or enforcement order, to submit a written plan (the 
RFI Work Plan) that should propose, in detail, the manner in which the investigation 
will be conducted. Specific components of this plan are defined in Volume I of this 
guidance. 

In planning the investigation, the owner or operator should consider a logical 
progression of tasks that will be followed in investigating the release. Generally, 
these tasks will consist of: 

Gathering information on the source of the release to the environment 
(e.g., gathering information on the unit and the waste in the unit); 

0 Gathering physical information on the environment surrounding the unit 
that will affect the migration and fate of the release (e.g., ground-water 
flow direction, average windspeeds, soil types); and 

Using the above information along with any existing monitoring or 
modeling information, to develop a conceptual model of the release, 
which will be used to plan and conduct a monitoring program to define 
the nature, rate and extent of the release. 

The owner or operator should use existing sources of information when these 
sources can supply data of the quality and type needed. Information on waste 
constituents, for instance, may be available from operational records kept a t  the 
facility. In other instances, the owner or operator may propose a waste sampling 
and analysis effort to characterize the waste in the unit of concern, thereby 
producing new data on the waste. In either case, the owner or operator should 
ensure that the data is of the quality necessary to adequately define the release 
because such data will be used in determining the need for corrective measures. 

Characterizing the release source and the environmental setting of the release 
will allow the owner or operator to design a monitoring program which will lead to 
adequate characterization of the release. This effort may be conducted in phases, if 
necessary; with each monitoring phase building on the findings and conclusions of 

- * 7  

the previous phase. For example, in those cases where the regulatory agency has 
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identified a suspected release, the first phase of the monitortng program may be 
directed toward release verification. The level of effort required in an initial 
monitoring phase will thus be dictated by the level of knowledge on the release. 
The hypothetical examples of this approach given below illustrate that RFls  can vary 
widely in complexity and, thus, will not always involve elaborate studies. 

0 A facility contains both active and inactive landfills. Al l  active landfills a t  

the facility are regulated for ground-water releases under 40 C F R  Part . 

264, Subpart F; however, an inactive unit was identified by the 
regulatory agency as being the source of a release to ground water. The 
waste in the unit was identified by the owner or operator as being 
supplied solely by a single, well-characterized process. / 

Hydrogeologic information, such as identification of the uppermost 
aquifer and ground-water flow direction and rate, were defined in the 
R C R A  Part8 permit application for the active units required for 
compliance with Subpart 8 of 40 CFR Part 270. Environmental 
characterization data relevant to the inactive landfill, such as flow 
direction and hydraulic gradient, was readily derived from monitoring 
wells already installed to comply with the monitoring requirements of 40 
C F R  Part 264, Subpart F. 

In this case, the owner or operator was able to use existing information 
to characterize .both thee environmental setting- and the source of the 
release and conduct a limited sampling program, starting with wells near 
the inactive unit,.to define the release. After installation and sampling 
of these initial wells, the owner or operator determined the need for 
further well installation and sampling. In this case, the level of effort 
required to characterize the release, especially in characterizing the 
contaminant source and environmental setting, was minimal due to the 
detailed information already available. 

0 In another case, the owner or operator of a commercial facility with an 
inactive surface impoundment that had received waste from several 
generators was directed to conduct an investigation of a suspected 
release to a nearby-stream. The susptcron of a release was based-on 
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several fishkills noted in the stream during periods of heavy rains and 
reported observations of impoundment overflow during these periods. 
The owner or operator's knowledge of the impoundment's contents was 
limited due to the varying wastes managed, and a survey of drainage 
patterns around the impoundment had not been performed. Also, 
monitoring of the receiving stream itself had not been conducted a t  the 
time of the notification. 

In this case, a rather extensive level of effort was required t6 characterize 
the release. Because the waste could not be readily characterized by 
direct sampling due to its varying nature over time, the owner or'  
operator proposed to forego a direct waste characterization effort and 
conduct monitoring of the receiving stream for t h e  constituents of 
concern. The owner or operator conducted a survey of drainage patterns 
around the site, developed a conceptual model of the release, and 
established a network of monitoring stations. Initial sampling was 
conducted in drains and swales around the un i t , ,  with subsequent 
monitoring taking place in :drainage ditches and eventually the stream 
itself, with the design of.each sampling effort based on knowledge 
gained from the previous effort. In addition, because contamination of 
the surface water column coincided with periods of heavy rains, 
sampling of the water column was conducted during such periods. T h e  
owner or operator also determined, through analysis of samples 
collected in the initial phases, that the waste constituents being released 
'were highly water soluble and not likely to adhere to bottom sediments. 
In addition, t h e  owner or operator determined that these .constituents 
had a low potential to bioaccumulate. Stream sampling, therefore, was 
limited to water column samples; bottom sediment and biota sampling 
were not performed. 

. 

0 During a visual site inspection conducted by the regulatory agency as 
part of the RCRA Facility Assessment, evidence was found that  ten drums, 
placed in an unrestricted storage area, were releasing their  contents to 
soils surrounding the area. Evidence observed by the investigative team 
included discolored soils and stressed vegetation. The  regulatory agency 

4 
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immediately remove the drums (as an Interim corrective measure) and to 
conduct an investigation of the nature and extent of the contamination. 
The owner or operator complied with the order for removal and 
conducted sampling to characterize the waste in the drums. After 
identifying the constituents of the waste, the owner or operator 
proposed a work plan to characterize the release, starting with a 
screening survey of the area using an organic vapor analyzer (OVA), 
followed by the collection of samples in the immediate vicinity of the 
drum storage area, then additional sampling a t  progressively further 
distances from the area, if necessary. After collection of three rounds of 
sampling, sufficient data had been gathered to adequately define the 
extent of the release. 

The above three examples illustrate general concepts that may vary on a site- 
specific basis. 

The owner or operator should,understand that the regulatory agency has a 
significant oversight responsibility to ensure the'ptotection of human health and. . 
the environment. Accordingly, the regulatory. agency may often choose to be 
present to observe RFI-related operations, especially field and sampling operations. 
Regulatory agency oversight of RFI field work is very important for ensuring a 
quality study. In planning and conducting the RFI, therefore, the owner or operator 
is encouraged to interact closely with the regulatory agency to assure that the data 
supplied during the investigation and, thus, the interpretation of the data; will be. 
acceptable: The compliance order or permit conditions requiring the investigation 
will specify a schedule for conducting the investigation, including -the reporting of 
data. The 0wne.r or operator should keep the regulatory agency advised of the 
progress of the investigation, including any delays, and changes. to; or del'etions of 
specific in vest i g a t i o n acti vi t i es. 

. 

This document presents guidance specific to the RFI and the RFI process. 
General subject areas which are common to many types of hazardous waste 
management activities (e.g., quality assurance and control, sampling, analytical 
methods, health and safety procedures), which are also important to the RFI, are 
addressed in a summary fashion. More detailed references on these subject areas 

are provided. * : .  
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This RFI Guidance is tailored to the structure and goals of t h e  RCRA Corrective 
Action Program. The RFI process described in this document parallels the technical 
components of the Remedial Investigation (RI) and removal guidance issued under 
the Comprehensive Environmental Response, Compensation, and Liability Act 

. (CERCLA). The RFI Guidance has been developed to address releases from operating 
as well as inactive and closing units. When such releases have been adequately 
characterized, the next step in t h e  RCRA corrective action process can be initiated 
(i.e., determination of the need for corrective measures). 

In order to assess the effectiveness of this Guidance Document an "RFI 
. feedback Questionnaire," is provided at  the end of Volume I. This feedback will 

also help €PA determine the need for additional guidance. 
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SECTION 1 

OVERVIEW OF THE RCRA CORRECTIVE ACTION PROGRAM 

1.1' lntrodu ction 

The primary objective of the RCRA corrective action program is to clean up 
releases of hazardous waste or hazardous constituents a t  treatment, storage, or 
disposal facilities subject to Subtitle C of RCRA. "Release" means any spilling, 
leaking, pouring, emitting, emptying, discharging , i n jecting, pumping , escaping , 
leaching, dumping, or disposing of hazardous wastes (including hazardous 
constituents) into the environment (including the abandonment or discarding of 
barrels, containers, and other closed receptacles containing hazardous wastes or 
hazardous constituents). 

, The 1984 Hazardous and Solid Waste Amendments (HSWA) provided €PA with 
broad and expanded authorities for ensuring corrective action a t  facilities subject to 
RCRA. Authorities that may be used by €PA to ensuie corrective action include: @ 

Section 3004(u) -Corrective Action for Continuing Releases 

Section 3004(u) of HSWA requires that permits issued after the date of 
enactment of HSWA (November 8, 1984) require corrective action for 
releases of hazardous waste or constituents from any solid waste 
management unit (SWMU) a t  'any hazardous waste treatment, storage, 
or disposal facility seeking a permit, regardless of the time a t  which 
waste was placed in the unit. 

Section 3008(h) - Interim Status Corrective Action Orders 

Section 3008(h) of HSWA authorizes €PA to issue orders requiring 
corrective action or to take other appropriate response measures to 
protect human heaith and the environment based on any information 

1-1 



0 ;,< 
r 9 

0 that there is or has been a release of hazardous waste into the 
environment from a facility authorized to operate under Section 3005(e). 

0 Section 3004(v) -Corrective Action Beyond the Facility Boundary 

Section 3004(v) authorizes EPA to require that corrective action be taken 
by the facility owner or operator beyond the facility property boundary 
where necessary to protect human health and the environment, unless 
the owner or operator demonstrates that he was unable to obtain 
permission to undertake such action. 

Section 300f(c)(3) of HSWA (commonly known as the “Omnibus“ provision) 
gives €PA authority to add to RCRA permits any conditions deemed necessary t o .  
protect human health and the environment. 

In addition, Section 3004(n) of HSWA directs €PA to set standards for the 
control and monitoring of air emissions a t  hazardous waste treatment, storage, and 
disposal facilities as necessary to protect human health and the environment. These 
standards are presently .being developed and will form the overall basis for 
regulating air emissions a t  these facilities. These standards may be used by €PA in 
evaluating corrective measures associated with air releases a t  solid waste 
management units. However, until these standard? are sufficiently developed, EPA 
will use this RFI Guidance to address air releases that may require corrective 
measures. . 

€PA may also apply RCRA authorities existing prior to the passage of HSWA to 
implement the corrective action program. These authorities include RCRA Sections 
301 3 and 7003. Section 301 3 may be used to order an owner or operator to conduct 
monitoring, testing, analysis, and reporting a t  a facility which is or may be releasing 
hazardous waste that may present a substantial hazard to human health or the 
environment. Section 7003 can be applied where hazardous waste management 
activities may present an imminent and substantial endangerment to health or the 
environment. Under this provision, the €PA Administrator may bring suit against an 
owner or operator to cease activities causing such endangerment or to take other 
approobiate action as may be necessary. 

‘ 3 0  
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Section 3004(u) has been codified as 40 CFR 5264.101. A companion to EPA's 
July 15, 1985 (see 50 FR 287021, codification rule specifies additional information 
and data requirements for owners or operators of solid waste management units to 
support the conduct of RCRA Facility Assessments by the regulatory agency (see 53 

T,-FRs4S788 - December 1, 19?37). These authorities broaden the scope of the RCRA 7 
corrective action program from detecting and correcting releases to the uppermost I 
aquifer from regulated units, to cleaning up continuing releases to any media 1 
resulting from other waste management units and practices a t  RCRA facilities. Prio'r 
to passage of HSWA, EPA exercised i t s  authority under Section 3004 to require 
cxrective action for releases of hazardous constituents to ground water from only 
certain land-based waste management units; 40 CFR Part 264, Subpart F contains 
requirements for corrective action a t  these "regulated units." Regulated units 
include surface impoundments, landfills, waste piles, and land treatment units that 
received hazardous waste on or after July 26, 1982. Also, EPA applied Sections 3013 
and 7003, as appropriate, toward meeting corrective action program objectives. 
HSWA expanded RCRA authority -to -correct releases of hazardous waste 3 r  
hazardbus constituents to all media a t  RCRA facilities, and encourages the use of) 
other authorities, as needed or appropriate, to help achieve corrective- action' 
objectives a t  these facilitie3. 1 

- -- 

Section 3004(u) of th-e .HSWA corrective action provisions focuses on 
investigating releases from solid waste management units (SWMUs). A SWMU is 
any discernible unit a t  which solid or hazardous wastes have been @aced a t  any 
time, irrespective of whether the unit was intended for the management of solid or 
hazardous wastes. Such units include any area a t  a facility a t  which hazardous 
wastes or hazardous constituents have been routinely and systematically released. 
A-SWMU does not include an accidental spill from production -aceas and uni t i in 
which wag-es have not been-managed (e.g., product storage-areas). 

/- 

- _- -  

This RFI Guidance addresses investigations of all releases from SWMUs 
(hereafter also referred to as units) to all media, including soil, ground water, 
subsurface gas, air, and surface water. 
will continue to be regulated under 40 

Ground-water releases from regulated units 
CFR Part 264, Subpart F. .. 

->*,:-fa . ~ ', 
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1.2 Overall RCRA Corrective Action Process 

The RCRA Corrective Action Process consists primarily of the following four 
steps: the RCRA Facility Assessment (RFA), the RCRA Facility Investigation (RFI), the 
Corrective Measures Study (CMS), and Corrective Measures implementation (CMI). 
A summary of the overall Corrective Action Process for identifying, characterizing, 
and correcting releases is presented in Figure 1-1. This process is discussed below. 

. 

RCRA Facility Assessment (RFA] 

Release determinations for all environmental media (i.e., soil, ground water, 
subsurface gas, air, or surface water) will be made by the regulatory agency 
primarily through the RFA process. The regulatory agency will perform the RFA for 
each facility seeking a RCRA permit to determine if there are releases of concern. 
The major objectives of the RFA are to: 

identify SWMUs and collect existing information on contaminant 
releases; and 
t 

Identify releases or suspected releases needing further investigation. 

The RFA .begins with a preliminary but fairly comprehensive review. of 
pertinent existing information on the facility. If necessary, the review is followed by 
a visual site inspection to verify information obtained in the preliminary review and . 
to gather information needed to develop a sampling plan. A sampling visit is 
performed subsequently, if necessary, to obtain appropriate samples for making 
release determinations. 

I 

The findings of the RFA will result in one or more of the following actions: 

No further action under the RCRA corrective action program is required 
a t  that time, because no evidence of release(s) or of suspected release(s) 
was identified; 

32 

1-4 



355 

REGULATORY AGENCY conducts health and environmental assessment based on results 
of RFI and determines the need for interim corrective measures, and/or a Corrective 
Measures Study. 

i 

I REGULATORY AGENCY pedorms RCRA Facility Assessment (RFA) to: 

Identify solid waste management units (SWMUs) and collect existing information 
on contaminant releases. 

Identify releases or suspected releases needing further investigation 1 
I 

REGULATORY AGENCY specifies permit conditions or issues enforcement order to facility 
owner or operator to: 

0 

9 Implement interim corrective measures. 

Perform investigations on releases of concern; and/or 

OWNER OR OPERATOR performs RCRA Facility Investigation (RFI) to verify the release(s), if 
necessary, and to characterize the nature, extent and rate of migration for releases of 
concern. Owner or operator reports results and contacts the regulatory agency I immediatelv if interim corrective measures seem warranted. 

OWNER OR OPERATOR conducts Corrective Measures Study (CMS) as directed by 
regulatory agency and proposes appropriate corrective measures when required by 
regulatory agency. 

REGULATORY AGENCY evaluates Corrective Measures Study and specifies appropriate 
corrective measures. I 

OR OPERATOR performs the Corrective Measures Implementation (CMI). This 
designing, constructing, operating, maintaining and monitoring the corrective 

. 

Figurel-1: RCRA Corrective Action Process. Note that although certain aspects of the 
Corrective Action Process are the responsibility of either the regulatory agency or 
the owner or operator, close coordination between the regulatory agency and the 
owner or operator is essential throughout the process. *a 

> .D 
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a An RFI by the facility owner or operator is required where the 
information collected indicates a release(s) or suspected release(s) that 
warrant(s) further investigation; 

Interim corrective measures by the owner or operator are required where 
the regulatory agency believes that expedited action should be taken to 
protect human health or the environment; and 

/' 

a 

In cases where problems associated with permitted releases are found, 
the  regulatory agency will refer such releases to .the appropriate 
permitting authorities. 

Guidance for conducting the RFA is presented in the following reference: 

US. €PA. October, 1986. RCRA Facilitv Assessment Guidance. NTlS PB 87; 
107769. Office of Solid Waste. Washington, D.C. 20460. 

a 

> 

RCRA Facilitv lnvestiqation (RFQ 

If the regulatory agency determines that an RFI is necessary, this investigation 
will be required of the owner or operator either under a permit schedule of 
compliance or under an enforcement order. The regulatory agency will apply the 
appropriate regulatory authority and develop specific conditions in permits or 
enforcement orders. These conditions will generally be based on results o f  the RFA 
and will identify specific units or releases needing fur ther  investigation. T h e  RFI can 
range widely from a small specific aaivity to  a complex multi-media study. In any 
case, through these conditions, the regulatory agency will direct t h e  owner or 
operator to investigate releases of concern. The  investigation may initially involve 
verification of suspected releases. I f  confirmed, fu r the r  characterization of such 
releases will be necessary. Thisxharacterization includes identification of t h e  type 

and direction at which the releases are migrating, and the distance over which 
releases have migrated. Inter-media transfer of releases (e.g., volatilization of 
hazardous constituents from contaminated soils to the air medium) should also be 
addressed during the RFI, as appropriate. 

' 

.r -.-7 '._ , 

1 
and concentration of hazardous waste or hazardous constituents released, the rate 

, 

. ;> r ,3  4 
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The RFI also includes interpretation by the regulatory agency of release 
characterization data to established health and environmental criteria to determine 
whether a CMS is necessary. This evaluation is  crucial to the RCRA Corrective Action 
Process. The regulatory agency will ensure that data and information collected 
during the RFI adequately describe the release and can be used with a high degree 
of confidence to make decisions regarding the need for a CMS. 

. 

Identifying and implementing interim corrective measures may also be , ‘ 
conducted during the RFI. I f ,  in the process of conducting the investigation, a 
condition is identified that indicates that adverse exposure to hazardous 
constituents is presently occurring or is imminent, interim corrective measures may - 
be needed. Both the owner or operator and the regulatory agency have a 
continuing responsibility to identify and respond to emergency situations and to 
define priority situations that warrant interim corrective measures. The need for 
consideration of interim corrective measures, if identified by the owner or operator, 
should be communicated to the regulatory agency a t  the earliest possible time. As 

indicated earlier, the need for interacting Closely with the regulatory agency is very 
important, not only for situations discussed above, but also to ensure the adequacy 
of the data collected during the RFI and the appropriate interpretation of those 
data. 

0 

Corrective Measures Study (CMS) 

If the potential need for corrective measures is identified during the RFI 
process, the owner or operator is  then responsible for performing a CMS. During 
this step of the Corrective Action Process, the owner or operator will identify, and 
recommend as appropriate, specific measures to correct the release. 

Information generated during the RFI will be used not only to determine the 
potential need for corrective measures, but also to aid in the selection and 
implementation of these measures. For releases that have been adequately 
characterized, the owner or operator may be required to collect such information 
(e.g., engineering data such as so11 compaction properties or aquifer pum,ping tests) 
during the RFI. Selection and implementation of corrective measuies;’wlll be 

- -2 
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addressed in future regulations and in separate guidance to be developed by €PA. 
In the interim, guidance for corrective measures selection and implementation is 
provided in several references, including the following: 

US. €PA. September, 1986. Data Requirements for Remedial Action 
Technoloqv Selection. Final Report. NTlS PB87-110813. Office of Emergency 
and Remedial Response and Office of Research and Development. 
Washington, D.C. 20460. 

U.S. €PA. October, 1985. Handbook of Remedial Action a t  Waste Disposal 
- Sites. EPN625-6-85-006. Office of Emergency and .Remedial Response. 
Washington, D.C. 20460. 

U.S. EPA. June, 1985. Guidance on Feasibilitv Studies Under CERCLA. NTlS 
P885-238590. Office of Emergency and Remedial Response. Washington, D.C. 
20460. 

US. EPA. lune, 1987. RCRA Corrective Action Interim Measures. Interim Final. 
OSWER Directive No. 9902.4. Office of Waste Programs Enforcement. 
Washington; D.C. 20460. 

US. €PA. May, 1985. .Guidance Document for Cleanup of Surface Tanks and 
Drum Sites. OSWER Directive 9380.0-03. Office of Emergency and Remedial 
Response. Washington, D.C. 20460. . 

US. EPA. lune, 1986. Guidance Document for Cleanup of Surface 
Impoundment Sites. OSWER Directive No. 9380-0.06. Office of  Emergency and 
Remedial Response. Washington, D.C. 20460. 

US. €PA. November, 1986. EPA/540/2-85/004. OSWER Directive No. 9380.0-05. 

US. €PA. December, 1988. Guidance on Remedial Actions for Contaminated 
Gro.und Water a t  Superfund Sites. OSWER Directive No. 9283.1-2. Office of 

sgency and Remedial Response. Washington, D.C. 20460. 
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EPA has developed a draft of a guide for assessing and remediating 

contaminated sites that directJ users toward technical support, potential data 
requirements and technologies that are applicable to several EPA programs such as 
RCRA and CERCLA. The reference for this guide and a general discussion of i t s  
content are provided below. 

, 

/’/ U.S. €PA. 1989. Draft Practical Guide for Assessina and Remediatinq 
Contaminated Sites. Office of Solid Waste and Emergency Response. I 

Washington, D.C. 20460. 

--.. 
i- 

This document i s  intended as a practical guide and reference source for EPA, 
state and industry personnel that are involved with assessing and remediating 
contaminated sites. Special emphasis is placed on technical support, potential data 
requirements and technologies related to assessing and remediating point-source 
contamination (e.g., problems associated with landfills, surface impoundments, and 
underground storage tanks). The guide isdesigned to address, in a general manner, 
releases to ground water, soil, surface water and air. 

The principal objective of the guide is to facilitate technology transfer 
regarding the assessment and remediation of contaminated sites. It is anticipated 
that the guide will be available in two forms: (1) as a hard copy, i.e., in three-ring 
binder form and (2) stored on computer files within the OSWER Electronic Bulletin 
Board System (865). (Note: The OSWER Technology Transfer 8ulletrn Board Users 
Guide is available from OSWER headquarters.) This dual format will provide 
maximum flexibility to users and allow timely revision of existing t e x t  or the 
inclusion of supplemental material as appropriate. The primary function of the 
guide is to direct the user toward references and technical support for detailed 
information on program requirements, technical methods, data requirements and 
technologies. 

, 

The guide is divided into five sections: (1)Collection and Evaluation of Site 
Information, (11) Remedial Technologies, (Ill) Technical Assistance Directory, 
(IV) Annotated Bibliography, and (V) Compendium of Courses, Symposia, 
Conferences, and Workshops. 

1-9 
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Section I is subdivided Into Overview, Preliminary Site Assessment, 
Characterization of Contaminant Sources(s) and Environmental Setting, Assessment 
of Contaminant Fate and Transport, Selection, Design and Implementation of 
Remedial Technologies, and Performance Evaluation of Remedial Technologies. - 

Brief discussions and tables are provided under these and other subdivisions to 
clarify how each phase of assessmenthemediation fits into the overall, iterative 
process of collecting and evaluating site information. The  tables, designed as 
screening tools, relate site information with technologies or methods, or vice versa. 
Guidance documents, references and other technical support  are listed after the 
preliminary discussions and tables. 

Section II contains descriptions of specific remedial technologies that are 
grouped under four  categories: (1) source control, (2) withdrawal, injection and 
flow control, (3) water treatment, and (4) restoration of contaminated water 
supplies and utilityhewer lines. Each technology description includes a general 
description, application/availability, design and construction considerations, costs, 
and references. In addition, an overview of general references precedes the four 
categories of remedial technologies. 

. 
Section 111 is a technical assistance directory of €PA program, regional, and 

research staff that may be contacted to answer specific questions. regarding the 
assessment and remediation of contaminated sites. The directory includes the 
individual's name, organization within €PA, area of expertise, mailing address, and 
phone number. T h e  directory is intended to foster communication among scientists 
and engineers within €PA, other Federal agencies, industry, and state and local 
governments. Improved access to cur ren t  scientific advances and data on the 
application and performance of technologies will likely enhance the effectiveness 
and efficiency of assessment and remediation programs. 

Section IV is an annotated bibliography of guidance documents and references 
listed under Sections I and II. Brief summaries of each document are provided to 
assist the reader in selecting the appropriate technical guidance. 
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Section V is a compendium of existing courses, symposia, conferences, and 
workshops. Each course, symposium, conference or workshop description includes 
the title, content, contact, and cost. 

Corrective Measures Implementation (CMQ 

CMI includes designing, constructing, operating, maintaining, and monitoring 
selected corrective measures. As indicated above, selection and implementation of 
corrective measures will be addressed in future regulations and in separate 
guidance to be developed by €PA. 

1.3 Purpose of the RCRA Facility Investigation (RFl)  Guidance 

This document provides guidance to regulatory agency personnel for 
overseeing facility owners or operators who are required to conduct a RFI to 
characterize the nature, extent, and rate of migration of contaminant releases to 
soils, ground water, subsurface gas, air, and surface water. It also provides guidance 
on the interpretation of results by the regulatory agency to determine if interim 
corrective measures and/or a CMS may be necessary. 

This RFI Guidance is not intended to describe al l  activities that may be . 

undertaken during the RFI. For example, consideration of community relations and , ;r -.- 
! 

development of a community relations plan are addressed in other EPA guidances. , 
This and other items that may be undertaken- during the RFI are outlined in the 
following document: 

/p' 

1 

U.S. €PA. November 1986. RCRA Corrective Action Plan.' Interim 
OSWER Directive No. 9902.4 Office of Solid Waste and Emergency Response. 
Washington, D.C. 20460. I 

This document provides as much procedural specificity as possible to clearly 
define the owner or operator's responsibilities in the RFI. Each situation, however, 
is likely to be unique. Site-specific conditions, including the amount and quality of 
information available a t  the start of the RFI process, the existence of or potential for 
actual exposure, and the nature and extent of the release call for a fie" w 
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approach to the release Investigation. This. RFI Guidance i s  written in this context. 
However, some.situations may be so complicated and unique that further technical 
guidance may be necessary. If this is the case, the owner or operator should contact 
the responsible regulatory agency for assistance. If necessary, the responsible 
regulatory agency will contact EPA Headquarters. 

1.4 Organization of this Document 

This guidance is organized into four volumes containing 15 sections and 8 
appendices. Volume I contains eight sections: Section 2 ' provides direction for 
preparation of the RFI Work Plan and procedures for submitting this Plan to the 
regulatory agency for review. Section 3 provides guidance on the general strategy 
to be employed in performing release investigations. Sections 4, 5; and 6 discuss 
Quality Assurance/Quality Control (QA/QC), Data Management and Reporting, and 
Health and Safety Procedures, respectively. Section 7 discusses how information 
from source (waste and unit) characterization can be used in the RFI process. 
Section 8 presents guidance on the interpretation of data collected.during the RFI. 
process, using health and environmental criteria. Guidance for situations that may 
require the application of interim corrective measures is also provided in Section 8. 

Volumes I 1  and I l l  provide detailed technical guidance on how to perform 
media-specific investigations. Volume II presents Sections 9, 10 and 11, which 
discuss the soil, ground water, and subsurface gas media, respectively. Volume Ill 
presents Sections 12 and 13, which discuss the air and surface-water media, 
respectively. Representative case study illustrations of various investigattve 
approaches and techniques described in Volumes I through I l l  are presented in 
Sections 14 and 15 of Volume IV. . 

-% 

1.5 Reference Information 

This document provides guidance on characterizing known releases and on 
verification of suspected releases. Applicable field methods (e.g., sampling 
techniques) and equipment are described or referenced, as appropriate. This 
document uses, to the extent possible, existing guidances and information 

veloped In various €PA programs (e.g., Office of Emergency and Remedial $0 
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Response, Office of Waste Programs Enforcement, Office of Air Quality Planning 
and Standards, and Office of Water), as well as State material to assist in performing 
release characterizations for the various environmental media. As such, many 
references are provided which refer the owner or operator to more complete or 
detailed information. Where available, identification or ordering numbers have 
been supplied with these citations. The following describes these identification 
numbers and provides information on how these documents may be obtained. 

. 

NTIS: NTlS stands for the National Technical Information Service. NTlS 
documents may be obtained by calling (703) 487-4650 or by writing to 
NTlS a t  the following address: 

NTlS . 

US. Department of Commerce 
Springfield, VA 22 161 . 

€PA: Environmental Protection Agency (EPA) Reports are available through 
EPA's Headquarters or Regional libraries, or by writing to EPA a t  the a .  . following add ress: 

US. €PA 
Public Information Center 
401 M. Street, S.W. 
Washington, D.C. 20460 

Many €PA reports are also available through NTIS. NTlS should be 
contacted for availability information. The indicated €PA office may also 
be contacted for information by writing to the above address. 

OSWER: OSWER stands for EPA's Office of Solid Waste and Emergency Response. 
Availability information on documents identified by an OSWER Directive 
Number can be obtained by calling EPA's RCRAjSuperfund Hotline, a t  

. .I 
(800) 424-9346 (toll-free) or (202) 382-3000. 

i 4 1  
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GPO: GPO stands for the U.S. Government Printing Office. Documents 
available through GPO may be obtained by calling GPO at  (202) 275- 
3648. 

1.6 . Guidance Changes Description 

The RFI Guidance has undergone a number of revisions since publication of the 
initial October 1986 draft. Draft documents were released to the public in July 
1987, December 1987 (updated Section 8 - Health and Environmental Assessment 
only), and of course the current version, May 1989. These revisions were 
necessitated by both the need to remain consistent with evolving €PA policy with 
respect to corrective action, and the desire to provide facility owners and operators 
with sufficient information and guidance to ensure that investigations provide 
adequate information for confident decisionmaking. Further revision of the RFI 
Guidance is not anticipated. Following is a brief discussion of how the RFI Guidance 
has changed since i ts  original release. 

. October 1986 Draft - This WJS the first draft of the RFI Guidance. It contained 
basic information on the conduct of RFIs, but did not go into great detail on media 
specific investigations, particularly with respect to the air and surface water media. 
In addition, this first draft contained little .guidance pertaining to health and 
environmental assessment. This drafi was circulated mainly to the €PA Regions, in 
an attempt to obtain comment before further development of the Guidance was 
initiated. As a result of this activity, the need for major revision was identified. 

Julv 1987 Draft - This version of the RFI Guidance represented the first major 
revision made to the Guidance. Virtually all sections were restructured for 
consistency and new sections were added as well. The major changes were as 
follows: 

0 Revision of much of the regulatory and procedural aspects of the 
Guidance (contained in Volume I) to reflect the final RCRA Facility 

3. .-. .’ 

i *,.; Assessment (RFA) Guidance. 
? I  
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0 Introduction of a new, more efficient means of selecting hazardous 
constituents and parameters to monitor for, based on available 
information on the unit(s) involved, the waste managed, the media 
being investigated and any previous data collected. 

. 0 Addition of guidance relating to the selection of methods for sampling 
and analysis, and incorporation of references to available information 
regarding acceptable methods already published by EPA's Superfund 
Program. 

0 Addition of new section on health and environmental assessment 
(Section 8), including tables of action levels for specific constituents in 
specific media. 

0 Major editing of all medium specific sections for consistency in structure 
and overall content. 

Expansion of al l  medium specific sections to address the importance of 
jnter-media transport of contamination. 

Expansion of the Soil Section (Section 9) to emphasize the importance of 
recognizing soil as a key medium for inter-media transfer of 
contamination, both as a source and as a recipient of contamination.- 

0 .  

Expansion of the Ground Water Section (Section 10) to provide guidance 
on the use of flow nets and flow cells in defining site hydrogeology and 
contamination m ig ration path ways. 

Complete rewrite of the Air Section (Section 12) to reflect the special 
considerations inherent in investigations of releases to air, and evolving 
Agency policy regarding renewed emphasis on monitoring vs modeling. 

0 Complete rewrite of Surface Water Section (Section 13) to reflect the 
importance of understanding the release mechanism (i.e., past vs 
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0 intermittent vs continual release), and the type of release (i.e., point 
source vs area source). 

Addition of new Volume IV - Case Studies. 0 

December 1987 Draft - This revision of the RFI Guidance involved only Section 8 on 
Health and Environmental Assessment. Hence, only Section 8 was reissued. The 
major revisions made to Section 8 are summarized as follows: 

Clarification of the hierarchy in which the health and environmental 
criteria (i.e., action levels) are applied. 

Revision of the criteria tables to- reflect new exposure assumptions for 
the soil medium. 

0 

0 Revision of the criteria tables to reflect the latest additions and revisions 

, made by €PA to health based exposure levels. 

Addition of new guidance pertaining to evaluation of deep soil and 
sed i men t con tam i nation. 

0 Update in accordance with new MCLs promulgated for volatile organic 
- 

constituents. 

Mav 1989 Final Draft - The current final draft of the RFI Guidance constitutes 
significant revision over the previous drafts. Major changes from previous drafts 
include the following: 

0 Incorporation of improved graphics and tabular presentations 
throughout all four volumes of the Guidance. 

0 Incorporation of an RFI Guidance Feedback Form (at the end of Volume 
1) to determine the utility of the Guidance as well as the need for further 
g u id a nce. 
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0 General revision, where appropriate, to ensure consistency with the 
forthcoming regulations dealing with RCRA corrective action. 

0 Revision of the Section 8 criteria tables to reflect revised exposure 
assumptions for the soil medium. 

0 Revision of the Section 8 criteria tables to reflect the latest additions and 
revisions made by EPA to health based exposure levels. 

0 Incorporation of the concept of using leaching tests (Section 9 - Soil) to 
predict when soil contamination may affect underlying ground water, 
including a new appendix (Appendix F) presenting a draft €PA method 
developed specifically for contaminated soil. 

0 Addition of a new appendix (Appendix E) illbstrating the calculation of 
basement air contaminant concentrations due to basement seepage of 
'volatile organic contaminants. 

0 Addition of a new section (Section 8.6.3) pertaining to newly 
promulgated methods for evaluating ground-water contamination in a 
statistical manner, and reference to additional guidances and other 
documents available from €PA for conducting ground-water 
remediation (Section 10.7). 

Revision of the Air Section of the Guidance (Section 12) to reflect a new 

. .  

phased approach, involving an initial screening assessment, and the 
incorporation of a new appendix (Appendix G) containing draft 
Guidance on the screening assessment. 

0 Revision of the Air Section (Section 12) to reflect a balance between the 
application of modeling and monitoring approaches, depending on site- 
specific ci rcu mstances. 
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0 

0 

EPA 

Incorporation of the concept of using soil loss equations for determining 
contaminated soil loading to surface waters (Section 13), including a new 
appendix (Appendix H) illustrating the soil loss calculation. 

Rearrangement of the Volume IV Case Studies to reflect the order in 

which the specific points illustrated are presented in Volumes I through 
IJI. 

Incorporation of a new Volume IV case study illustrating the use of 
leaching tests to predict the potential for contaminated soil to 
contaminate underlying ground water. 

Corrective Action Regulations 

is in the process of promulgating comprehensive corrective action 
regulations pursuant to HSWA Section 3004 (u) and (v). These regulations, which 
will appear primarily in Subpart S of 40 C F R  Part 264, will establish requirements for 
all  aspects of RCRA corrective action. Because the RFI Guidance is being released 
prior to the proposal and promulgation of Subpart 5, the potential for differences is  
significant. Therefore, users of this guidance are advised to review the final 
Subpart S rule carefully when published. Potential differences are identified below: 

. .  

0 Identification of health and environmental criteria or "action levels" - 
the RFI Guidance includes tables of the most recent action levels in 
Section 8, Health and Environmental Assessment. However, these levels 
are continually being updated by EPA, and the levels presented in the 
Subpart S rule may differ. 

Development of health and environmental criteria - The RFI Guidance 
provides information on how action levels are developed (e.g., use of 
exposure assumptions, risk levels for carcinogens). The Subpart 5 rule 
may propose alternate methods for developing actions levels. 
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Definition of constituent - The RFI Guidance refers to constituents as 
those listed in 40 CFR Part 261, Appendix VIII. Use of the term 
"constituent" in the Subpart S rule is being reviewed. 

Action levels for surface water - The RFI Guidance identifies action levels 
for surface water to  include various Agency-developed criteria (such as 
MCLs), but indicates that State-developed standards may also be 
considered. The Subpart S rule may propose a different scheme for 
establishing action levels for surface water. 

Action levels for soil - The RFI Guidance attempts to differentiate deep 
from surficial soil contamination, and provide methods (e.g., leaching 
tests) and action levels for determining the need for corrective action. 
Surficial soil and deep soil contamination may be addressed differently in 

the Subpart S rule. 

Influence of detectiodquantitation limits on action levels - The RFI 
Guidance indicates that the detection limit will serve as the action level, 
where action levels are lower than detection limits. The issue of 
detection/quantitation limits is under Agency review, and may be 
changed in the Subpart S rule. 

Evaluation of chemical mixtures - The RFI Guidance provides the 
rationale and equations for computing adjusted action levels, assuming 
additive toxicity, when more than one constituent is present in a 
contaminated medium. The issue of evaluation of chemical mixtures IS 
under Agency review and may be addressed differently in the Subpart 5 
rule. 

Definition of Solid Waste Management Unit (SWMU) - The RFI Guidance 
definition of SWMU IS currently under Agency review and may be 
changed in the Subpart S rule. 

Notification and Reporting - The RFI Guidance identifies specific reports 
that may be required throughout the performance of an RFI, anq-also 

..-.z 
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identifies specific situations in which the owner or operator is required to 
submit notifications to the regulatory agency. Notification and 
reporting requirements are being reviewed by €PA and may be changed 
in the Subpart 5 rule. 

0 Use of specific language - The specific language used in various sections 
of the RFI Guidance, for example when referring to factors the 
regulatory agency may consider in determining the need for interim 
corrective measures, may be changed in the Subpart S rule: 
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SECTION 2 

THE RFI WORK PLAN 

2.1 Introduction 

If notified by the regulatory agency that an RFI 'must be conducted, the owner 
or operator should initiate a series of activities aimed a t  supplying specific 
information on the identified, suspected, or known releases of concern. Such 
activities can include release verification and characterization. Conducting the RFI 
should follow a logical sequence of actions involving the preparation and submittal 
of an RFI Work Plan, including development 'o f  a monitoring approach, 
performance of investigatory tasks, submission of results, and interactions with the 
regulatory agency on courses of further action. The overall RFI.process is shown in 
Figure 2-1. 

As indicated previously, each RFI situation is likely to be unique in vari.ous 
respects, including the unit or units releasing, the media affected, the extent of the 
release, the potential for inter-media impacts, the amount and quality of existing 
information, and other factors. The amount of work that may be involved in the 

a 

RFI, and therefore the content of the RFI Work Plan, is also likely to vary. This 
. section provides guidance concerning the general content of the RFI Work Plan. 

2.2 Preparation of an RFI Work Plan 

The RFI Work Plan is a detailed plan that the facility owner or operator should 
develop and follow throughout the RFI that will lead to Characterization of the 
nature, extent, and rate of migration of a release of hazardous waste or hazardous 
constituents. This plan consists of a number of components that may be developed 
and submitted either concurrently or sequentially in accordance with the schedule 
specified in the permit or compliance order. These components are shown in 
the top box of Figure2-1. Development and, therefore, submittal of specific 
plan components (e.g., detailed monitoring procedures) may not be required 

49: '> 
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Owner or O p e r a t o r  submits RFI  Work P lan  to r e g u l a t o r y  agency  for rev iew .  P lan  s n o u l d  
include: 

Owner or Operator implements RFI Work P lan  by c o n d u c t i n g  a p p r o p r i a t e  ac t iv i t ies  and 
repor t s  release-specific results to regu la to r j r  agency  for rev1ew.a 

Descr ip t ion  of Cur ren t  Cond i t ions  (see Sect ion 2.2.1) 

A Schedule for Specif ic R f I  Act iv i t ies  (see Sect ion  2.2.2) 

RFI Strategy: 

0 Procedures for Charac ter i r ing  the C o n t a m i n a n t  Source, the E n v i r o n m e n t a l  

Quality Assurance/Quali ty Con t ro l  Procedures (see Sect ion  2.2.6) 

D a t a  Management and R e p o n i n g  Procedures (see Sect ion 2.2.7) 

Setting and Assembl ing  Ava i l ab le  Monitoring Data (see Sections 2.2.3 and 2.2.5) 
Monitoring and Data Co l lec t ion  Procedures (see Section 2.2.4) 

\ Ident i f icat ion of Po ten t ia l  Receptors (see Sect ion  2.2.8) 

H e a l t h  and Safety Procedures (Optional) (see Sect ion  2.2.9) 

O t h e r  Information if Specif ied by the Regulatory A g e n c y  

- 
I 

e 

R e a u l a t o w  A a e n c y  eva lua tes  release-specific resul ts and m a k e s  the appropriate I 
determinat ions .  b I 

a 

b 

In some cases. existing information may be adequate to characterize specific releases 

The owner or operator also has a Continuing responsibility to identify and respond KO emergency situations aed  to 
define priority situations Khat may warrant interim correcIive measures. 

c No furrher action will be necessary wnere a susDecTe0 release ts snown to ?1ot be an actual release basea on an 
adeauare amount of monitoring data or vvnere release concentrations are shown to be below levels of concern for a 
sufficient oerioa of time. 

d ImDlies release concentrations were observed to be equal to or above health and environmental aSSeSSment criteria. 
or that there was a reasonable likelihooa of this occurring. 

Interim corrective measures may also be lmolemented prior to or durinq the RFI .  as necessary. 4 

50  FIGURE 2-1. RCRA FACILITY INVESTIGATION (RFI) PROCESS. 
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until adequate information on the contaminant source and environmental setting is 
gathered and evaluated. Discussion on RFI reporting and schedules between the 
owner or operator and regulatory agency is encouraged. 

0 
The-owner- or-operator should be guided by the information contained in the 

-RfA Report and-the: conditions specified in the permit or compliance order in 
developing the RFI Work Plan. jThese conditions will usually indicate which units 
and releases are to be addressed in the RFI (based on the findings of the regulatory 
agency during the RFA), as well as which media are of concern. In most cases, the 
information contained in the RFA Report and the conditions specified in the order 
or permit will enable the owner or operator to develop a sufficiently focused RFI 
Work Plan. However, if additional guidance is needed by the owner or operator, 
consultation with the regulatory agency is advised. 

\ 
\ 

u . 

2.2. I ' Description of Current Conditions 

As part of the RFI Work Plan, the owner or operator should provide 
background information pertinent to the facility, contamination, and interim a corrective measures- a; described below. Data gathered during any previous 
investigations or inspections and other relevant data should be included. The 
owner or operator should consult with the regulatory agency to determine if any of 
these information items-are irrelevant or have already been submitted in an 
appropriate format for other purposes (e.g., contained in a RCRA permrt 
a p pl icati on). 

. 

2.2.1.1 Facility Background 

The owner or operator should summarize the regional location, pertinent 
boundary features, general physiography; hydrogeology, and historical use of the 
facility for the treatment, storage or disposal of solid and hazardous waste. This 
information should include the following: 

Map(s) depicting: 

- General geographic location; 
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6' 4 I b--* .. - Property lines, with the owners of al l  adjacent property clearly 

indicated; 

.. . 

- Topography and surface drainage (with an appropriate contour 
interval and a scale of 1 inch = 100 feet) depicting all waterways, 
wetlands, floodplains, water features, drainage patterns, and 
su dace-water containment a reas; 

- Al l  tanks, buildings, utilities, paved areas, easements, rights-of-way, 
and other features; 

- Al l  solid or hazardous waste treatment, storage or disposal areas 
active after November 19,1980; 

- Al l  known past solid or hazardous waste {reatment, storage or 
disposal areas regardless of whether they were active on November 
19, 1980; 

All known past and present product and waste underground tanks 
or piping; 

- - 

- Surrounding land uses (residential, commercial, agricultural, 
recreational); 

- The location of all production and.ground-water monitoring weils. 
These wells shall be clearly labeled and ground and top of casing 
elevations and construction details included (these elevations and 
details may be included as an attachment); and 

- . Location of any injection wells onsite or near the facility. 

Al l  maps should be consistent with the requirements set forth in 40 CFR 
5270.14 and be of sufficient detail and accuracy to locate and report al l  current and 
future work performed a t  the site including 



355 
0 A history and description of ownership and operation, solid and 

hazardous waste generation, and treatment, storage and disposal 
activities at the facility; 

0 Approximate dates or periods of past product and waste spills, 
identification of the materials spilled, the amount  spilled, the location 
where spilled, and a description of the response actions conducted (local, 
state, or Federal response units or private parties), including a n y  
inspection reports or technical reports generated as a result of the 
response; and 

A summary of past permits requested and/or received, any enforcement 
actions and the i r  subse,quent responses, and a list of documents and 
studies prepared for t h e  facility. 

. 
2.2.1.2 -Nature and Extent of Contamination 1 

The owner or operator should describe any  existing information on the nature a and extent o f  releases, including 

e 

0 A summary of all possible source areas of contamination. This, at  a 
minimum, should include all regulated units, solid waste'management 
units, spill areas, and other suspected source areas of contamination. For 
each area, the owner or operator should identify the following: 

- Location of unit/area (which should be depicted on a facility map); 

- -Quantities of solid and hazardous wastes; 

- Hazardous waste or constituents, to the extent known; and 

- Identification of areas where additional information is or may be 
necessary. 

A description of the degree and extent of contaminatlon. This &Auld 

I$ .,.; 
I .  
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- Available mo.nitoring data and qualitative information on locations 
and levels of contamination a t  the facility; 

- All potential migration pathways including information on 
geology, pedology, h yd rogeology, physiography , hydrology, water 
quality, meteorology, and air quality; and 

- The potential impact(s) on human health and the environment, 
including demography, ground-water and surface-water use, and 
land use. 

The surface configuration of contaminant sources both on and off the site may 
impact assessment and remediation by contributing to the complexity of 
contamination. Technical factors such as contaminant migration potential, the 
ability to withdraw or treat contaminants, and the effectiveness of treatment trains 
can be significantly altered by the .interaction of releases from different 
contaminant sources. Well-developed maps showing the number, spacing, and 
relative positions of contaminant sources are essential to  the planning and 
implementation of assessment and remediation activities. In addition to map and 
field inspections, remote sensing, surface geophysical methods, and Geographic 
Information Systems are useful site evaluation tools. Information obtained from 
these site screening methods will help direct subsequent, more intensive activities 
to the major areas of concern. 

Assessment activities may be subtly affected by the surface configuration of 
contaminant sources a t  the site. Figure 2-2 shows an example of overlapping 
'ground-water contamination plumes from adjacent sources that contain different 
wastes. Organic solvents from Source A may facilitate the movement of otherwise 
low-rnobility constituents from Source 8. Contaminants from Source 6, that are 
fairly insoluble in water, dissolve readily when in contact with solvents from Source 
A. This process is described as co-solvation. Examples of other potential 
complications in the ground water medium include heavy metal transport b y  
ace,mplexation, particle transport, biotransformation, clogging of media pores or 
filtering devices by particulates, and changes in subsurface adsorptive properties. 

54These and other factors suggest that an approach that focuses only on individual 

. -c-. 
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0 con tam i nant sou ices without co nsid e r i n g potentia I i n t e  ract ions between so u r ces 
may lead to improper assessment and remediation. Additional information on this 
subject is provided in the following reference: 

Keely, J.F. January, 1987. The Use of Models In Manacrina Ground-Water 
Protection Proqrams. EPA/600/8-87/003. EPA Office of Research and 
Development. Washington, D.C. 20460. 

The extent of contamination a t  a site can be viewed in two ways. First the 
extent can be examined from a spatial perspective, i.e., where is the Contamination 
located and what are i ts  approximate dimensions? Second, the extent of 
contamination can be viewed from a toxicity or concentration level perspective, i.e., 
to what degree is the medium (e.g., soil, aquifer) "damaged" or contaminated? 
Chemical isopleth maps (discussed in Section 5) can be used to  represent both 
components of contamination over a given area. Each perspective should be 
considered because both can influence ground-water remedy selection, and on a 
larger scale, future land use. 

' 

I 

t 

, 

Data on the extent of contamination are-gathered through a variety of 
analytical devices and methods, such as monitoring wells, soil gas monitoring, 
ambient air monitoring, modeling and geophysical techniques. As in al l  cases, a 
more extensive monitoring syste-m allows for better delineation of the contaminant 
release. Economic considerations force investigators to obtain a maximum amount 
of information from assessment activities. With this in mind, areal photographs, 
color infrared imagery and other more sophisitcated remote sensing imagery may 
be useful in defining vegetation stress or other environmental indicators that aid in 
delineating the extent of contamination. 

The vertical extent of contamination should also be considered in defining a 
release. For ground water, the vadose zone, uppermost aquifer, and if affected, 
other proximal interconnected aquifers and surface-water bodies, should be 
considered as an integral part of every ground-water decontamination process. The 
importance of controlling and cleaning up contamination within the vadose zone is 
well documented. Often, ground-water pollution abatement efforts are inhibited 
by percolating waters that collect leachate or products in a contaminated vadose 
tone and advance down to the water table. A t  this point, the initial ground-water :ss 
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clean up attempt must be repeated causing additional problems and costs. To 
prevent continued loss of ground-water quality, vadose zone decontamination 
should be initiated and regarded as an important component of the ground-water 
remediation process. 

\ 

. Cross media effects also play an important role in defining the extent of 
contamination. Air, soil, surface-water, and ground-water quality are all potentially 
threatened by any contaminant release within the environment. Contaminants 
transported inconspicuously from a seemingly confined media to another may harm 
ecosystems or humans simply because the migration was not anticipated. Both 
natural pathways between media and those created by anthropogenic features 
(e.g., improperly constructed monitoring wells) may increase the extent of 
contamination. For these reasons the complex interactions between environmental 
media should not be overlooked. 

2.2.1.3 (Implementation of interim Corrective Measures - 

The owner or operator should document interim corrective measures that 
were or are being undertaken a t  the facility. This should include 

. .  
- Objectives of the interim measures, including how the measure is 

mitigating a potential threat to human health and the environment 
and/or is consistent with and integrated into any long-term solution 
a t  the facility; 

Design, construction, operation, and maintenance requirements; - 

- Schedules for design, constructio-n and monitoring; and 

- Schedule for progress reports. 

2.2.2 Schedule for Specific RFI Activities 

In the RFI Work Plan, the owner or operator should propose a schedule for 
completing the RFI within the time frame of the order or permit schedule of 
compliance. The schedule should be as specific as possible and should indicate dat& 5'7 

.. 
\ i.. 
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0 for submittal of the various components of the RFI Work Plan, dates for starting and 
accomplishing specific tasks associated with the RFI, and dates for reporting 
information from specific tasks to the regulatory agency. 

2.2.3 Procedures for Characterizing the Contaminant Source and the 
Environmental Setting 

Prior to establishing monitoring procedures to provide data on the release, 
certain information should be acquired to determine constituents of concern and 
appropriate sampling locations. Two key areas should be addressed: 
characterization of the source' (Le., waste and unit), and characterization of the 

\ environmental setting. These areas are described in general terms below. They are 
also described in detail in each of the media-specific sections. 

2.2.3.1 Contaminant Source Characterization 

. 

\ 

Characterization of the unit(s) and associated waste may be necessary to 
identify applicable monitoring constituents or useful indicator parameters for the 
release characterization. Design and operational information on the unit, such as 
unit size and amount of waste managed therein, may be necessary to determine 
release rates. 

In some cases, adequate characterization of the waste in the unit can be made 
by evaluating existing waste management records or data on the process- 
generating the waste. In other cases, a sampling and analysis effort may be 
necessary. If so, the owner or operator should define the sampling and analysis 
effort in regard to: 

Constituents, analytical methods, detection limits, and the rationale for 
their selection; 

0 Sampling methods, sampling locations, equipment, and schedule; and 

0 Pertinent QA/QC procedures to  ensure valid waste characterization. 
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Identification-.of-monitoring constituents and use of\tndicator parameters are 

discussed fu r the r  inKSection 3 and supported by Appendix B. Waste and uni t  
characterization methods; including sampling, are described in Section - 7. QA/QC 

procedures are described in Section 4. 

0 

. Unit characterization should include information such as construction pro- 
cedures and materials, and liner specifications, i f  applicable. Such information may 
be important in evaluating the probable degree of contamination from the uni t ,  
and consequently, the probable type and severity of the release. 

Waste characterization will not always provide complete information for use 
in identifying monitoring constituents. This may be especially true for old units, 
where significant degradation of -constituents may have occurred, and for those 
units that have received many different types of waste, where it is difficult to be 
sure that all wastes in the uni t  were sampled and analyzed. The  owner or operator 
should be aware of these possibilities. Further guidance on appropriate procedures 
in these cases is provided in Sections 3 and 7. 

Important data on individual sources also includes the condition of the source, 
the spatial distribution of the source, and waste management practices. The 
condition of a source may significantly affect its capacity to contaminate the 
surrounding environment. Evaluating and controlling contaminant sources early on 
may significantly reduce the costs of assessment and remediation. . 

Waste treatment, storage and' disposal . units (e.g., landfills, surface 
impoundments, and waste piles, etc.) that do not have containment systems are, of 
course, more susceptible to t h e  release of contaminants. If there is no cover or liner 
present, t he  release of constituents from 'a unit will largely depend on site. 
characteristics (e.g., infiltration, hydrogeology) and contaminant characterisiics 
(e.g., solubility, specific gravity), which are discussed in later sections. Source 
control technologies such as cover installation, waste removal, in situ waste 
treatment, or subsurface barrier construction may be appropriate when no 
containment system is present. 

When a containment system is present, it is appropriate to evaluate the 
condition of the system to determine if modifications could significantly reduce or 59 
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prevent further releases. Table 2-1 presents an outline describing some of the 
important characteristics of waste treatment, storage and disposal uni t  
containment systems that should be evaluated. T h e  degree of modification to a 
source will largely depend on contaminant migration potential, exposure potential, 
and the feasibility of implementing remedial measures, which in turn  are affected 
by-site hydrogeology, land use, waste characteristics, and other factors. 

The three-dimensional distribution of each source should also be carefully 
delineated to focus remedial activities on the site's "hot spots" (i.e., those regions 
with the highest concentrations of contaminants). Cleaning up contaminated sites 
without identifying, defining and Characterizing these hot spots may lead to 
ineffective, inefficient remediation attempts. Innovative technologies such as 
specialized coring-methods (see Section 9 ) 8  geophysical methods (see Section 10 and 
Appendix C), and soil gas sampling devices (see Section 11) may provide better 
resolution of these hot spots than more conventional methods and devices (e.g., 
monitoring wells, and split-spoon samplers). 

<,-, 

I 

The  manner in which wastes are managed may significantly affect the nature 
and extent of contamination by influencing the spatial and temporal variability of 
contaminant releases. Important factors to consider when characterizing 
contaminant sources include the total quantity of wastes, the location and timing of 
waste management, waste and constituent characteristics, and general waste 
management practices. 

As indicated previously, the total quantity of contaminants within a source is 
an obvious yet important consideration when assessing or remediating 
contamination. In general, the potential extent of contamination is proportional to 
the volume of wastes managed in the source, taking into account other factors such 
as hydrogeologic setting, exposure potential, and the condition of -the source. 

In addition, the location of waste treatment, storage, and disposal units may 
affect the type and degree of remedial measures. In addition to t h e  surface 
configuration of sources, the location of different quantities and types of waste 
within a source may affect the potential for release. For instance, low pH liquid 
waste placed near wastes containing heavy metals may promote the migration of 

. i,- -*?-he 4 metal cations by increasing their solubility. 
k.. - 
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TABLE 2-1. CONTAINMENT SYSTEM EVALUATION 

1. Cover1 
A. Characteristics of the soil to be used in the cover 
8. Cover and surrounding land topography 
C. Climate characteristics 
0. Composition of the cover 

1. Component type 
2. Component thickness 

E. Cover design and construction practices 
F. Cover configuration 
G. Cover drainage characteristics . 

1. Material used in drainage system 
2. Thickness of drainage system 
3. Slope of the drainage system 

H. Vegetative cover 
I. Post-closu re main ten an ce 

1. Capsystem 
a. Adequate vegetative cover 
b. Erosion 
c. Settlementlsu bsidence 

2. Run-on and run-off control system 
a. Adequate vegetative cover 
b. Erosion 
c. Flow obstructions 

II. Liner and Leachate Collection/Detection System 
A. The number of liners 

1 Information in this section was in part obtained from EPA's 
technical resource document, Evaluatinq Cover Svstems for Solid 
and Hazardous Waste, SW-867, 1982. 

61 
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TABLE 2-1. CONTAINMENT SYSTEM EVALUATION (Continued) 

8 .  The type and thickness of the liners 
1. The compatibility of the liners with the waste type 

2. The structural strength of the liners 

3. The liner foundation 

C. The age and installation methods of the liners 

0. Description of leachate collection system 

. 

1. Thickness of drainage layer 

2. Material used in the drainage system 

3. Slope of the collection system 

4. Method of leachate collection 

5. Method of leachate withdrawal 

E. Description of leak detection system 

1. Thickness of detection system 

2. Material used in the system 

3. Slope of the detection system 

4. Method of leak detection 

5. Ability to withdraw leachate from the system 

111. Other Factors 

A. Compatibility of bottom-most liner with the underlying 

8 .  Relationship of the ground-water table to the bottom liner 

C. Water content (percent solids and free liquids content) 

D. Compatibility of waste with containment system (or underlying 

geology 

soil, if no containment system IS present) 

E. Waste load on the containment system 

62  
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Transportation of wastes on and off site is an equally important consideration. 

For instance, a buried transmission line may rupture and release contaminants to 
the subsurface. Vehicles conveying wastes to, from, or within a site may spill or leak 
substances onto the ground and eventually cause subsurface contamination. 
Carefully maintained records of waste transportation or field inspections may reveal 
such potential leaks or spills. 

0 

The timing of waste management also is important in assessing and 
remediating site contamination. Two aspects of timing are important to recognize 
here: the age of the source and the history of waste management. Both aspects 
may affect the timing, nature, and degree of assessment and remediation. 

Due to the generally slow movement of some. types of Contamination (e.g., 
ground water plumes), releases covering a large area are more likely to originate 
'from older sources (i.e., sources that have managed wastes for long periods or a t  
previous times). Older sources are generally harder to define and. characterize due 
the paucity o f  waste management'data and little, i f any, containment features. 
Newer units, on the other hand, are more likely.to have accurate management 
records and improved design features for containment. 'Remediation for an older 
source c0ntaminatin.g the ground water, for example, may involve substantial 
piurne control, aquifer restoration, and capping of large areas of contaminated soil. 
On the other hand, a recently detected leak from a new source may be abated by 
minor containment system repair, with little or no aquifer restoration and plume 
control required. - 

. .  

The history of waste management for a specific source affects assessment and 
remediation by influencing the source's capacity to contaminate over time. In 
addition to the spatial variability of wastes, the temporal variability of waste 
management should be considered. Sources may form discrete or continuous 
plumes, depending on the history of waste management. As shown in Figure 2-3, 
the configuration of ground-water contamination may be profoundly affected by 
the timing gf releases. Assessment and remediation of contamination are 
consequently aided by understanding the history of waste management for 
i ndivid ual sources. 

. .  
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In some cases, altering the timing of waste management may be an effective 

source control measure. For instance, placement of wastes in landfill cells without 
covers may be limited to anticipated dry periods. By doing so, the amount of 
moisture in contact with wastes may be significantly reduced, thus  minimizing the 
potential for contaminant migration. 

' Specific characteristics of waste and constituents affecting the assessment and 
remediation of contamination in specific media are discussed in t he  media specific 
sections of this guidance. These characteristics include the compatibility of wastes 
with the unit ,  the containment system (if any), the underlying geology, and 
interactions between different wastes and constituents. Assessing the 
characteristics of wastes and constituents in conjunction with data on the condition 
of'the source and site hydrogeology may aid assessment and .remediation by 
identifying problems related to waste containment or complicated fate and 
transport mechanisms. If wastekontainment system compatibility problems are 
discovered during a site evaluation, source modification such as liner replacement 
may be necessary to reduce or prevent fur ther  releases. In some cases, modifying 
waste treatment, storage, and disposal practices (e.g., restricting cefiain wastes 
from operating landfills) may be the most appropriate source control measure. a 

Interactions between wastes and constituents and underlying geology may 
alter contaminant migration potential and complicate control, recovery and 
treatment operations. For example, acidic leachate may cause or exacerbate 
solution cavity development in areas underlain by karst geology, thus promoting 
the migration of contaminants. In ' other instances, interactions between 
contaminants and subsurface materials may reduce the effectiveness and efficiency 
of remediation technologies; for example, by changing the chemistry of 
contaminated ground water or by inhibiting fluid flow to and from heavily 
contaminated areas. 

' 

Predicting the interactions between different wastes and constituents is 
among the most difficult tasks performed during site investigations. Such 
interactions may affect contaminant migration potential and complicate recovery 
and treatment operations. One example is the clogging of pore spaces or well 
screens by precipitates which form by chemical interactions between wastes or 
constituents. Other examples include co-solvation, particle transport and mobile, a .:6 5 \, 5 
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transformation products (see Table 2-2). It should be noted that laboratory testing 
of waste, or constituent interactions may not accurately depict subsurface 
processes. For this reason, ground-water chemistry and waste treatment, storage, 
and disposal conditions a t  the site should be considered when predicting the 
behavior of certain combinations of wastes or constituents. in some instances, this 
may mean additional sampling, monitoring, and field testing. 

Reviewing waste management records to assess the quality of waste 
management practices may aid assessment and remediation activities by providing 
insight into the release potential of a source, and consequently, facilitate remedy 
selection. For instance, factors such as waste packaging, handling and placement, 
freeboard maintenance, and waste characterization may indicate how well a waste 
management unit is operated and maintained. Improvements in such waste 
management practices may reduce contaminant migration potential and therefore 
should be considered viable source control measures. 

2.2.3.2 Environmental Setting Characterization 

Characterization of the-environmental setting may be necessary to  determine 
monitoring locations (i.e., contaminant pathways) and to aid in defining the 
boundaries of the contaminated area. Techniques for characterizing the environ- 
mental setting are media-specifjc and are described in Volumesil and ill of this 
Guidance. Examples of environmental information that may be required are wind 
speed and direction, subsurface stratigraphy, and surface-water body volumes and 
f I ow rates. 

7 
2.2.4 ’ Monitoring and Data Collection Procedures 

Specific monitoring procedures should be identified in the RFI Work Plan to 
characterize each release of concern. These procedures should indicate the 
proposed approach for conducting the investigation and should account for the 
following : 

0 ’Historical information and/or information gathered during the 
characterization of the contaminant- source: and the environmental 
setting ; .I 

e’*- +. . 
45 6 
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TABLE 2-2. PHYSICAL, CHEMICAL AND BIOLOGICAL PROCESSES 
AFFECTING CONTAMINANT FATE AND TRANSPORT 
(Keely, 1987) 

PHYSICAL PR OC E SS E S 

Advection (porous media velocity) 
Hydrodynamic Dispersion 

Molecular Diffusion 

Density Stratification 
Immiscible Phase Flow 
Fractured Media Flow 

CHEMICAL PROCESSES . 
Oxidation-Reduction Reactions 

. Radionuclide Decay 

Ion-Exchange 

Com pi exati on 

Co-Solvation 

Immiscible Phase Partitioning 

Sorption 

B IO LOG I CA L PROC E SS E S 

Microbia 1 Po pu I at i  o n Dynamics 

Substrate Ut i  I it a t  i o n 

B i ot ra n sf o rma t i o n 
Ad a ptati o n 

Co-metabolism 

. .  
. .  

'($7 
.. 2;. , 
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0 An approach for implementation, including the type of information to 
be collected; 

0 Description of the monitoring network; and 

Description of monitoring activities (e.g., sampling, meteorological 
monitoring). 

7 
Monitoring procedures may include a phased approach for release 

characterization as described in the media-specific sections of this Guidance.. The 
initial phase may include a limited monitoring effort followed by subsequent 
phases, if necessary. The design of subsequent monitoring phases may be based on 
information gathered during a prior phase; therefore, revisions to the monitoring 
procedures may become necessary as the RFI progresses. A phased approach may be 
particularly useful in cases where a suspected release was identified by the 
regulatory agency as a result of the RFA process. In this case, the first monitoring 
phase may be designed to provide for release verification as well as the first step for 
release characterizaton. If revisions to a proposed monitoring approach become 
necessary, documentation should be subm'itted to the regulatory agency to support 
such changes. 

- 

2.2.5 Assembling Existing Data to Characterize the Contaminant Release) 

The owner or operator should assemble and review existing analytical and 
monitoring data pertinent to the release(s) and media of concern. This information 
can be used to determine the need for and t o  plan the extent of additional 
monitoring. Only data that have been collected using reliable methods and 
documented Q,NQC procedures should be used as the basis for planning additional 1 
efforts. The amount and quality of existing data will determine the need for 
additional monitoring information on the release. Sources of such data include 

- 

s Information supplied by the regulatory agency with the permit con- 
ditions or compliance order; 

' .  0 The RFA report; 
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0 Facility records; 

2.2.6 

0 The facility's RCRA permit application; 

State and local government agency files, and 0 

CERCLA site reports (e.g., Records of Decisions). 

Quality Assurance/Quality Control (QNQC) Procedures 

The use of properly documented and implemented QA/QC procedures for 
monitoring activities (including sampling and analysis) is an essential part of the RFI 
Work Plan. It is important to ensure that data generated during the investigation 
are valid (i.e., supported by documented procedures) such that they can be used 
with confidence to support determinations regarding the need for and design of 
subsequent monitoring, the need for interim corrective measures, and the need for 
a Corrective Measures Study. These procedures are used to describe and document 
data quality and include such activities as 

0 

0 

0 

0 

0 

0 

-Defining sampling and analyticai techniques; 

Confirming and documenting correct sample identity; 

Establishing precision and accuracy of reported data; 

Documenting all analytical steps in determining sample identity and 
constituent concentrations; 

Establishing detection limits for constituents of concern; and 

Establishing any bias arising from field sampling or laboratory analytical 
activities. 
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Anothe r  important aspect of QAIQC is to ensure the use of qualified personnel 

(e.g., licensed or certified) to conduct or oversee various parts of the investigation. 
QA/QC procedures are described in;S,ection ., 6: 

2.2.7 Data Management and Reporting Procedures’ 

Data management procedures should be included as part of the RFI Work Plan 
for o-rganizing and reporting investigation data and results. Satisfactory 
presentation of investigation results to the regulatory agency is essential in 
characterizing and interpreting contaminant releases. Guidance on these pro- 
cedures is presented in Section 5. 

2.2.8 Identification of Potential Receptors , 

,I\ ’ 

0 

As specified by the regulatory agency in the permit or order, the owner or 
,operator should provide in the RFI Work Plan information describing the{-hum& 1 

, populations and environmental systems fhat may be susceptible to contaminant 
\ 
\ ’ releases dom the facility. Such information may include 

Existing and possible fu ture  use of ground wat‘er, including type of use 
(e.g., municipal and/or residential drinking water, agricultural, 
domesti d n  on - pota b le, and i nd ustria I);  

0 

‘0 

0 

0 

Location of ground-water users, including wells and discharge areas; 

Existing and possible fu ture  uses of surface waters draining the facility, 
including domestic and municipal uses (e.g., potable and lawnlgardening 
watering), recreational (e.g., fishing and swimming), agricultural, and 
industrial and environmental (e.g., fish and wildlife populations) uses; 

Human use of or access to the facility and adjacent lands, including 
recreational, hunting, residential, commercial, zoning, and t h e  relation- 
ship between population locations and prevailing wind direction; 

* 

A description of the biota in surface-water bodies on, adjacent to, or 
which can be potentially affected by the release; 
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a -A description of the ecology on and adjacent to the facility; 

e A demographic profile of the human population who use or have access 
' to the facility and adjacent land, including age, sex, sensitive subgroups 
(e.g., schools, nursing homes), and other factors as appropriate; and 

'0 A description of any endangered or threatened species near the facility. 

This information can be used to determine whether any interim corrective 
measures may be necessary a t  the facility. If populations are currently being 
adversely exposed or such exposure seems imminent, interim corrective measures 
may be necessary. Further information regarding interim corrective measures is 
p-rovided in Section _ _  8 (Health and Environmental Assessment). 

Receptors can be affected by the transfer of a release from one medium to 
another. Apparent or suspected inter-media transfers of contamination, as 
identified in the permit or order, should be addressed in the RFI Work Plan. Table 
2-3 illustrates some potential inter-media contaminant transfers and pathways. In 0 examining the extent of a release,, the owner or operator may be directed to  collect 
sufficient information to allow the identification of potential inter-media transfers. 

Situations where inter-media contaminant transfer may be important may 
arise through common usage of the contaminated medium. For example, drinking 
of ground or surface waters contaminated with volatile constituents poses an 
obvious hazard. Less obvious is the inhalation hazard posed by showering with such 
contaminated waters. Situations such as this should also be considered when 
determining the need for interim corrective measures. 

The guidance presented in the media-specific sections (Volumes I 1  and 1 1 1 )  

addresses potential areas for inter-media transfer. The guidance also identifies 
situations in which contamination of more than one media can be characterized, to 
some extent, using common procedures. For example, soil-gas analyses, such as 
those conducted using an organic vapor analyzer (OVA), can be used to monitor for 
subsurface gas (e.g., methane), as well as to indicate the overall extent of certarn ! 
types of contaminant releases to ground water. a 
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TABLE 2-3. SOME POTENTIAL INTER-MEDIA CONTAMINANT 
TRANSFER PATHWAYS 

Release Media 

9ir 

Soil 

Ground Water 

~~ 

Surface Water 

Subsurface Gas 

Potential 
Receiving Media 

D soil 
D Surface Water 

D Ground Water 

@ Subsurface Gas 
Surface Water 

Surface Water 
0 Subsurface Gas 

0 Ground water 
0 Air 
0 Soil 

0 Air 
0 Soil 

Transfer Pathways 

- Deposition of particles 
- Atmospheric washout 

~~ - 

- Migration through the . 

- Migration through the soil 
- Overland runoff 

unsaturated zone 

- Ground-water discharge 
- Volatilization 

- . Ground-water recharge 
- Volatilization 
- Deposition of floodplain 

sediments 

. .  

-~ 

- Venting through soil 
- Migration through soil 
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a 2.2.9 Health and Safety Procedures , 

Health and safety procedures may be included as part of the RFI Work Plan. 
The owner or operator is advised to understand, use, and document health and 
safety procedures describing effortJ that will be taken to ensure the health and 
safety of the investigative team and others (e.g., the general public) during the RFI. 
The owner or operator should also be aware that on December 19, 1986, the 
Occupational Safety and Health Administration (OSHA) issued an interim final rule 
on hazardous waste site operations (29 CFR 1910.120) which specifically requires 
certain minimum standards concerning health and safety for anyone performing 
activities a t  CERCLA sites, RCRA sites, or emergency response operations. Further 
discussion on this topic is provided in Section 6. 

2.3 . ,implementation of the RFI Work Plan 

After review of the RFI Work Plan by the regulatory agency, the owner or 
operator should implement the plan as directed. In some cases, .adequate 
information may exist to characterize specific releases, 'and an extensive monitoring 
effort may not be necessary. The extent of monitoring will depend on the amount 
and quality of existing information and the nature of the release. Results of 
investigative activities should be submitted to the regulatory agency according to 
the RFI Work' Plan schedule. Further guidance on specific reports that may be 
required is provided in Section 5. . .  

The owner or operator has a continuing responsibility to identify and respond 
to emergency situations and to define priority 'situations that may warrant interim 
corrective measures. Interim corrective measures may be necessary if receptors are 
currently being exposed to release constituents or if such exposure seems imminent. 
These situations may become evident a t  any point in the RFI process. The owner or 
operator should contact the regulatory agency immediately if any such situation 
becomes apparent. Further information regarding the evaluation of the results of 
release characterization is presented in Section 8. 

7 3 
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2.4 “Evaluation by the Regulatory Agency . I  

_- 

The regulatory agency will evaluate reports of release-specific results of the 
RFI submitted by the owner or operator to make determinations for further action. 
Such determinations may include 

0 No further action is  necessary a t  that time; 

0 Further information on a release is necessary. The owner or operator will 
be advised to initiate additional monitoring activities; 

Interim corrective measures are necessary; or 

Adequate information is available to conclude that a CMS is necessary. 0 

The regulatory agency may elect to be present a t  the facility to observe any’ 
phase of the release investigation. As indicated previously, close coordination 
between the owner or operator and the regulatory agency is essential throughout 
the RFI process. Also, as shown in Figure 2-1, interim corrective measures may be 
implemented prior’to or during the RFI, as necessary. 

.. 
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SECTION 3 

GENERAL STRATEGY FOR RELEASE INVESTIGATION 

3.1 INTRODUCTION 

An investigation of releases from solid waste management units requires 
various types of information. This information is specific to the waste managed, 
unit type, design, and operation, the environment surrounding the unit or facility, 

. and the medium to which contamination is being released. Although each medium 
will require specific data and methodologies to investigate a release, a general 
strategy for this investigation, consisting of two elements, can be described: 

, 

0 Collection and review of data to be used in developing a conceptual 
model of the release that can be used to plan and develop monitoring 
procedures. These data may include existing information on the 
facility/unit or related monitoring data, data which can be gathered from 
outside'sources of information on parameters affecting the release, or 
the gathering of new information through such mechanisms as aerial 
photography or waste characterization. 

. 

- 

0 Formulation and implementation of field investigations, sampling and 
analysis, and/or monitoring procedures designed to verify suspected 
releases (if necessary), and to evaluate the nature, extent, and rate of 
migration of verified releases. 

As stated in Section 2, two components of the RFI Work Plan will address these 
elements. These are 

- 
0 Procedures to characterize the contaminant source and the environ- 

mental setting; and 

Monitoring procedures. 
, ; 7'3 
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Sections 3.4 and 3.5 provide general guidance on these procedures. Section 

3.2 outlines the general strategy suggested for all release investigations, and 
Section 3.3 briefly discusses concepts concerning data quality that are designed to 
ensure that data collected during the investigation will adequately support 
decisions that will eventually be made regarding the need for corrective measures. 

. Section 3.6 provides guidance for formulating methods and monitoring procedures, 
and addresses monitoring constituents and indicator parameters, use of €PA and 
other methods, sampling considerations, and analytical methods and detection 
limits. Section 3.7 provides information concerning various decisions that may be 
made based on monitoring data and other information collected during the RFI 
process. 

3.2 Phased Strategy for Release Investigations 

A t  the start of the RFI process, varying amounts of information will exist on 
specific releases and units. In some instances, suspected releases may have been 
identified based on strong evidence that releases have occurred, but with little or 
no direct data confirming their presence. On the other end of the spectrum, there 
may be enough existing data a t  the start of the RFI to begin considering whether 
some foim of corrective measure may be necessary. 

This potentially broad‘spectrum of situations that may exist a t  the beginning 
of the RFI may call for a flexible, phased approach for the release investigation, 
beginning with an evaluation of existing data and collecting additional data, as 
necessary to characterize the release source and the environmental setting. From 
such data, a conceptual model of the release can be form.ulated in order to design a 
monitoring program capable of release verification and/or characterization. 

The release characterization may be conducted in phases, if appropriate, with 
each monitoring phase building on the findings and conclusions of the previous 
phase. The overall level of effort and the number of phases for any given 
characterization effort depend on various factors including 

The level of data and information available on the site; 

’ 3’6 
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0 The complexity of the release (e.g., number of units, release pathways, 

affected media); and 

0 The overall extent of the release. 

. As many situations are likely to be unique with respect to the above factors, 
the number and intensity of each of the phases of the RFI process leading to 
eventual characterization and to assessment against health and environmental 
criteria are also likely to be unique. Even though some R F l s  may have several 
phases, it is important to make sure that the establishment of a phased approach 
does not result in undue delay of the RFI process. 

Case Study No. 18 in Volume IV (Case Study Examples) provides an illustration 
of a phased characterization. 

\ 

3.3 Data Quality and Use /. 
1 

Throughout the RFI process, it should be kept in mind that the data will be 
used in making comparisons to health and environmental criteria to determine 
whether a CMS or interim corrective measures may be necessary. Therefore, the 
data collected during the investigation must be of sufficient quality to support 
decisions as to the need for corrective measures. The data can also be used to help 
establish the scope and types of corrective measures to be considered in the CMS. 

Qualitative or quantitative statements that outline the decision-making 
process and specify the quality and quantity of data required to support decisions 
should be made early in the planning stages of the RFI. These-"data quality 
,objectives" are then used to design sampling and analytical plans, and to determine 
the appropriate level of quality assurance and control (QA/QC). As this subject is 
normally considered a QNQC function, it is presented in more detail in the QA/QC 
Section (Section 4) of this document. It is briefly discussed here to stress the 
importance of defining the objectives of the investigation, and of designing data- 
gathering efforts to meet these objectives throughout the investigation. 
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>. Environmental Setting. 

I 3.4 Procedures for Characterizing the Contaminant Source and the 

Before monitoring procedures are established, information on the 
contaminant source (i.e., waste and unit) and environmental setting may be 
required. The owner or operator should identify necessary data and formulate 
procedures to gather these data. 

Unit-specific data that may be required for release investigation include such 
parameters as the physical size of the unit, the amount of waste in the unit, 
operational schedules, age, operational lifetime, and release controls. Data 
concerning the environmental setting that may be necessary are specific to the 
medium affected, and may include such information as climate, hydrogeologic 
setting, vegetation, and topography. These and other important elements are 
described below, starting with a discussion of the importance of existing 
information. 

Case Study Numbers 8, 10, 12, 13, 14, and 30 in Volume IV. (Case Study 
Examples) provide examples of the techniques discussed below. 

3.4.1 Sources of Existing Information 

Useful existing data may be found in the following sources: 

. The RCRA Facility Assessment report. This report should provide 
information on the unit($) known to be causing or suspected of causing a 
release to the environment and the affected media. It may also include 
data supporting the regulatory agency's release determinations. The 
owner or operator may wish to obtain the RFA report from the 
regulatory agency for use in scoping the RFI. 

0 Facility records and files. Other useful information may be available in 
facility records and files. This information may include data from 
required ground-water monitoring activities, results of required waste 
analyses, and other analytical results (e.g., tests run on wastes to 
determine such parameters as liner compatibility or free liquid 

78 *. ' 
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composition). The owner or operator may have information on the 
characteristics of the waste in the units of concern from other in-house 
sources, such as waste reduction and engineering studies on the 
process(es) feeding the units, or from analyses performed in conjunction 
with other regulatory programs, such as the National Pollutant Discharge 
Elimination System (NPDES) permitting process or Clean Air Act 
Standards. Design and construction information may also be contained 
within facility files. For example, design and construction information 
for advanced wastewater treatment systems may contain information on 
inactive units. 

0 RCRA Permit Application. Under current requirements, a RCRA permit 
application should include a description of the waste being managed a t  
the facility (although not necessarily for all the units of concern), 
descriptions of the units relevant to the permit, descriptions of the 
general environment within and surrounding the facility (including 
descriptions of the subsurface stratigraphy), and design and operating 
information such as runonkunoff controls. A companion rule 
(promulgated December 1, 1987) to the July 15, 1985, codification rule 
for Section 3004(u) expands the information requirements under 
§270,14(d) for all solid waste management units to be located on the 
facility topographic map, and to contain information on unit type, 
dimensions and design, dates operated, and waste managed, to the 
extent avail able . 

State Construction Permit (e.g., industrial wastewater) files. 

0 . Environmental or other studies conducted in conjunction with ownership 
changes. 

0 Interviews with facility personnel (current or retired). 

0 Environmental audit reports. 

0 Investigations for environmental insurance policies. 
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3.4.2 Waste and Unit Characterization 

In addition to obtaining waste data on general parameters such as pH, density, 
and viscosity, which may be needed to characterize a release to  specific media (and 
which may also be useful in evaluating corrective-measure technologies), the owner 
or operator should characterize the unit's waste to the compound-specific level. 
This characterization may serve as a basis for identifying monitoring constituents 
and indicator parameters for the media of concern. It should be noted that the 
owner or operator may be required to  characterize all potential constituents of 
concern for a given medium, unless it can be shown that only certain constituents 
could be released from the waste source. A detailed waste characterization, 
through the use of facility records and/or additional waste sampling and analysis, 
can be utilized to limit the number of constituents for which release monitoring 
must be performed during the RFI. (See also Section 3.6.1 .) 

Waste and unit characterization procedures should address the following: 

0 Existing sources of information on the unit and waste and their utility in 
characterizing the.waste source; and 

Methods for gathering data on the waste and unit that are not presently 
available. 

In some cases the location of disposal areas (units) may not be obvious. Some 
of these disposal areas or units may have been buried, overgrown by trees, or . 

covered by structures such as buildings or parking lots. In such .cases, use of 
geophysical techniques (e.g., ground-penetrating radar - see Appendix C) may be 
useful in locating former disposal areas containing materials such as discarded 
drums or buried tanks. 

After evaluating existing data, the owner or operator may propose to collect 
additional waste and unit characterization information. In such cases, the owner or 
operator should propose procedures in the RFI Work Plan for 

- e. Sampling--This should include sampling locations, schedules, numbers of 
samples to be taken, and methods for collecting and storing samples. 8 (f-.: : 
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0 Analysis--This should include a listing of analytical constituents or 
parameters and the rationale for their selection, analytical methods, and 
identification of detection limits. 

QNQC--This should include specific steps to be taken to ensure the 
viability and validity of data produced during a waste sampling effort. 

Data management--The owner or operator should describe data 
management procedures, including the format(s) by which data on the 
contaminant source will be presented to the regulatory agency and the 
various reports that will be submitted. 

Further guidance on the types of information and methods to be used in 
gathering waste and unit data is given in Section 7. Case Study Numb’ers 3,4,7,8,9,  
and 10 in Volume IV (Case Study Examples) illustrate some of the activities discussed 
above. 

3.4.3 CharaGteriza.tion of the Environmental Setting 0 
Data on the environmental setting will generally be necessary for 

characterizing the release, and may also be helpful for evaluating various 
corrective-measure technologies. The information necessary is specific to the site 
and medium receiving the release and is described in the media-specific sections 
(Sections 9 through 13). Some examples of themethods and techniques that may be 
used are as follows: 

‘ Direct media measurements7-Direct media measurements can provide 
important information that can be used to determine the rate and extent 
of contaminant release. For example, hydraulic conductivity 
measurements are essential in determining ground-water flow rates. 
Wind roses and patterns can be used in determining how far air 
contamination may migrate and are essential input for air dispersion 
models. Specific measurements helpful for investigating the rate and 
extent of releases are discussed in the media-specific sections (Sections 9 
through 13) of this Guidance. 

. \  
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0 KeriaI photography--Aerial photography can provide information that 
can be helpful in determining the extent of contamination a t  a site. 
Interpretation of aerial photographs can aid in describing past and 
present contaminant sources, pathways, and effects. Information 
obtained can include ecological impacts (e.g., decaying vegetation), 
topography, drainage patterns, fracture traces, and other erosional 
features. The usefulness of aerial photography is discussed further in 
Appendix A. 

Geophysical techniques--Geophysical techniques can aid in 
characterizing subsurface conditions fairly rapidly with minimal 
disturbance of the site. Such characterization can provide information 
on physical (e.g., stratigraphic) and chemical (e.g., contaminant extent) 
conditions and can also be used to locate buried dhms, tanks, and other 
wastes. Geophysical techniques include electromagnetic induction, 
seismic refraction, electrical resistivity, ground-penetrating radar, 

. magnetic borehole methods, and other methods. These. techniques can 
be particularly useful in determining appropriate sampling locations. 
However, these geophysical techniques are not always applicable a t  a 
particular site and do not provide detailed contaminant concentration 
data. Therefore, sampling will generally be necessary to provide-data 
needed for adequately characterizing the release. Further details on 
these techniques are available in Section 10 on Ground Water, and in 
Appendix C (Geophysical Techniques). 

. 

7 
0 Surveying and mapping--According to the 40 CFR Part 270 requirements 

for RCRA permit applications, the owner or operator must provide a 
topographic map and associated information regarding the site. If an 
adequate topographic map does not exist, a survey may be necessary to 
measure and plot land elevations. Site-specific surveying and mapping 
can provide an effective means of expressing topographic features (e.g., 
subtle elevation changes and site drainage patterns) of an area useful in 
characterizing releases. Surveying and mapping are discussed in further 
detail in Appendix A. 

4 
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The owner or operator should describe the following in the RFI Work Plan: 

0 

. .  . b. 

Specific techniques to be used in defining the environmental setting for 
the releases of concern a t  the facility; 

0 A rationale for the use of these techniques; 

0 Specific QNQC procedures applicable to the proposed techniques; 

0 Procedures for managing and presenting the data; and 

0 Potential uses of the information obtained from this characterization. 

3.4.4 Assembling Available Monitoring Data 

The owner or operator should compile and assess available media-specific 
monitoring data as a means of determining additional data needs. It is conceivable, 
in certain instances, that available data will be sufficient to characterize a release 
and provide the basis for making a determination on the need for corrective 
measures. However, this conclusion would be valid only if available data are 
current, comprehensive, accurate, and supported by reliable QA/QC methods. 
Otherwise, the use of available data should be limited to planning additional 
monitoring efforts. 

a 

* .  
3.5 Use,of M ode Is - , 

3.5.1 ,Genera I Ap p I i cat i on s 

Mathematical and/or computer modeling may provide information useful to 
the owner or operator during the RFI and in the design of corrective measures. The 
information may prove useful in refining conceptualizations of the environmental 
setting, defining likely contaminant release pathways, and designing corrective 
measures (e.g., pumping and treating contaminated ground water). 

Because a model is a mathematical representation of an often-complex 
physical system, simplified assumptions must be made about the physical system), so 
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that it may fit into the more simplistic mathematical framework of the model. Such 
assumptions are especially appropriate because the model assumes a detailed 
knowledge of the relevant input parameters (e-g., permeability, porosity, etc.) 
everywhere in the area being modeled. 

. Because a model uses assumptions as to both the physical processes involved 
and the spatial and temporal variations in field data, the results produced by the 
model may provide only a qualitative assessment of the nature, extent, and rate of 
migration of a contaminant release. Because of the assumptions made, a large 
degree of uncertainty may arise from some modeling simulations. Such modeling 
results should not be unduly relied on in selecting precise monitoring locations or in 
designing corrective measures. 

1 

Use of predictive models during the RFI may be.appropriate for guiding the 
general development of monitoring networks. Each of the media-specific sections 
identify where and how such predictive models may be used, and identify 
references containing specific models. for example, models are identified in the 
Surface Water Section (Section 13) for use in determining the extent of a 
monitoring system which may be necessary in a stream. Modeling results are 
generally not acceptable for expressing release concentrations in an RFI. An 
exception to this i s  the air medium (Section 12). Atmospheric dispersion models are 
suggested for use (especially when downwind monitoring is not feasible) in 
conjunction with emission-rate monitoring or modeling in order to predict . 

downwind release concentrations and to define the overall extent of a release. 
. .  

Where a model is to be used, site-specific measurements should be collected 
and verified. The nature of the parameters required by a model varies from model 
to model and is a function of the physical processes being simulated (e.g., ground- 
water flow and/or contaminant transport), as well as the complexity of the model. 
In simulating ground-water flow, for example, hydrogeologic parameters that are 
usually required include hydraulic conductivity (vertical and horizontal); hydraulic 
gradient; specific yield (unconfined aquifer) or specific storage (confined aquifer); 
water levels in wells and nearby surface-water bodies; and estimates of infiltration 
or recharge. In simulating contaminant transport in ground water, physical and 
chemical parameters that are usually required include ground-water velocity; 
dispersivity of the aquifer; adsorptive characteristics of the aquifer (retardation); 
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355 
degradation characteristics of the contaminants; and the amount of esch 
contaminant entering the aquifer (source definition). 

Model input parameters that can be determined directly should be measured, 
with consideration given to selecting representative samples. Because the 
parameters cannot be measured continuously over the entire region but only a t  
discrete locations, care should be taken when extrapolating over regions where 
there are no data. These considerations are especially important where the 
parameters vary significantly in space or time. The sensitivity of the model output 
both to the measured and assumed input parameters should be determined when 
evaluating modeling results. In addition, the ability of the model to be adequately 
calibrated (Le., the ability of the model to reproduce current conditions), and to 
reproduce past conditions should be carefully evaluated in assessing the reliability 
of model predictions. Model calibration with observed physical conditions is critical 
to any successful modeling exercise. 

’ 

Many models exist that may be applicable for use in the RFI. Because EPA is a 
public agency and models used by or for EPA may become part of a judiciai action, 
EPA approval of model use should be restricted to those models that are publicly 
available (i.e., those models that are available to the public for no charge or for a 
small fee). The subset of models that are publicly available is quite large and should 
be sufficient for many applications. Publicly available models include those models 
developed by or for government agencies (e.g., EPA, U.S. Geological Survey, US. 
Department of Energy, US. Nuclear Regulatory Commission, etc.) and national 
laboratories (e.g., Sandia, Oak Ridge, Lawrence Berkeley, etc.), as well as models 
made publicly available by private contractors. Any publicly available model chosen 
should, however, be widely used, well-documented, have i t s  theory published in 
peer-reviewed journals, or have some other characteristics reasonably ensuring its 
credibility. For situations where publicly available models are not appropriate, 
proprietary models (i.e., models not reasonably accessible for use or scrutiny by the 
public) should be used only where the models have been well-documented and 
have undergone substantiai peer review. If these minimal requirements have not 
been met, the model will not be considered reliable. 

0 

The Graphical Exposure Modeling System (GEMS) may be particularly useful 
for various aspects of the RFI. GEMS is an interactive computer system, developed 0 
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by EPA's Office of Pesticides and Toxic Substances, which provides a simple interface 
to environmental modeling, physiochemical property estimation, statistical analysis, 
and graphic display capabilities, with data manipulation which suppo& all  these 
functions. Fate and transport models are provided for soil, ground water, air, and 
surface water, and are supported by various data sets, including demographic, 
hydrologic, pedologic, geologic, climatic, economic, amoung others. Further 
information on GEMS may be obtained by calling EPA a t  (202) 382-3397 or (202) 
382-3928 or by writing to  EPA a t  the following address: 

US. €PA 
Off ice of Pesticides and Toxic Substances 
Exposure Evaluation Division (TS-798) 
401 M Street, S.W. 
Washington, D.C. 20460 

If the use of a model is proposed to guide the development of a monitoring 
network, the owner or operator should describe how the model works, and explain 
all assumptions used in calibrating and applying the model to the site in question. 
In addition, the model.and all related documentation should be made available to 
the regulatory agency for review. 

. 

Case Study Numbers 20, 24, 25, and 31 in Volume IV (Case Study Examples) 
illustrate the use of various models that may be applied during the RFI. 

3.5.2 Ground-Water Modeling 

Ground-water modeling is often used for site characterization, remedy 
selection and design, and prediction of site-specific cleanup levels and time 
requirements. As with other models, a. ground-water model is a simplified 
representation of reality, usually expressed with mathematics, that aids in 
understanding and predicting subsurface contaminant fate and transport. As such, 
models may include flow nets, ground-water flow models, simple analytical solute 
transport models, method of characteristics models, or complex multi-phase finite 
element models. 

. 



355 
Perhaps the most important role of ground-water models for assessment and 

remediation programs is their application in selecting, collecting and a.nalyzing field 
data on subsurface contaminant fate and transport. Model development and site 
characterization should be combined in an iterative process of fate and transport 
simulation and data collection. For instance, after examining several cross-sections 
and water level data sets, the investigator may develop several flow nets to better 
understand the ground-water flow regime beneath a site. Following this, a series of 
simulations using a simple analytical solute transport model can roughly estimate 
the range of concentrations with respect to distance and time for various 
contaminants. These results could then be compared with actual concentrations of 
samples collected from monitoring wells. Discrepancies between observed and 
-predicted concentrations may suggest that additional site characterization is 
required or that the model does not adequately simulate actual field conditions. 

a 

J 

Ground-water models may be used to some extent in predicting contaminant 
migration, selecting and designing remedial systems, evaluating the performance 
of technologies, and projecting cleanup levels. For instance, assuming a pump and 
treat alternative is appropriate, analytical or numerical ground-water flow models 
could be used to estimate the placement of recovery wells and plume control wells. 
Such models could also be used in planning the timing of ground-water 
withdrawals. However, these types of applications should only be used in concert 
with actual data collection (e.g., collecting ground-water samples) and field. 
demonstrations (e.g., pilot studies). Exclusive model use for the above applications 
without adequate data collection and field demonstration may lead to incorrect 
and inefficient remedy selection. 

The following documents provide information on the uses of models and 
point out many of their limitations and underlying assumptions: 

Keely, J.F. January 1987. The Use of Models in Manaqinq 'Ground Water 
Protection Proqrams. EPA/600/8-87/003. €PA Office of Research and 
Development. Washington, D.C. 20460. 

US. EPA. January 1989. Resolution on Use of Mathematical Models by EPA for 
Requlatow Assessment and Decision-Makinq. Report of the Environmental 
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Engineering. Committee, Science Advisory Board. €PA-SAB-EEC-89-0 12. 
Washington, D.C. 20460. 

These documents emphasize the importance of using ground-water models 
that are commensurate with the extent and quality of collected field data. 
Matching the model with the type of contamination problem is equally important. 
Certain instances may arise where more sophisticated models may be appropriate. 
For example, a finite element model simulating multi-phase flow of a hydrocarbon 
release in a well-characterized area may contribute to  both defining the problem 
and selecting the remedy. The key rule to follow is  to match the model with the 
type of contamination problem and the level and quality of data. In addition, every 
modeling exercise should include a sensitivity analysis to determine the relative 
impact of different variables on modeling results. The following presents excerpts 
from the above identified EPA Science Advisory Board report on mathematical 
models which are particularly relevant for regulatory assessment and decision- 
ma king : 

. The use of mathematical models for environmental decision-making has 
increased significantly .in recent years. The reasons for this are many, 
including scientific advances in the understanding of certain 
environmental processes, the wide availability of computational 
resources, the increased number of scientists and engineers trained in 
mathematical formulation and solution techniques, and a general 
recognition of the power and potential benefits of quantitative 
assessment methods. Within the U.S; Environmental Protection Agency 
(EPA) environmental models which integrate release, transport, fate, 
ecological effects and human exposure are being used for rule making 
decisions a-nd regulatory impact assessments. 

# 

0 The realistic characterization of an environmental problem requires the 
collection of laboratory and field data -the more complex the problem, 
the more extensive and in-depth are the required studies. In some cases 
involving more complex issues, future projections of environmental 
effects, larger geophysical regimes, inter-media transfers, or subtle 
ecological effects, mathematical models of the phenomena provide an 
essential element of the analysis and understanding. However, the 0 . - 
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0 

0 

0 

0 

0 

models cannot stand alone; adequate data are required. Indeed, a major 
function of mathematical models is as a tool to design field studies, 
interpret the data and generalize the results. 

Mathematical models should ideally be based on a fundamental 
representation of the physical, chemical and biological processes 
affect i n g en vi ro n menta I systems. 

An improperly formulated model can lead to serious misjudgements 
concerning environmental impacts and the effectiveness of proposed 
regulations. In this regard, a bad model can be worse than no model a t  
all. 

There are a number of steps needed to confirm the accuracy and utility of 
an environmental model. As a preliminary step, the elements of the basic 
equations and the computational procedures employed to solve them 
should be tested to ensure that the model generates results consistent 
with its underlying theory. The confirmed. model should then be 
calibrated with field data and subsequently validated with additional 
data collected under varying environmental conditions. 

The stepwise procedure of checking the numerical consistency of a 
model, followed by field calibration, validation and a posteriori 
evaluation should be an established protocol for environmental quality 
models in all media, recognizi'ng that the particular implementation of 
this may differ for surface water, air and ground water quality models. 

A number of methods have .been developed in recent years for 
quantifying and interpreting the sensitivity and uncertainty of models. 
These methods require careful application, as experience with 
uncertainty analysis techniques is somewhat limited, and there is a 
significant potential for misuse of the procedures and misinterpretation 
of the results. Potential problems include the tendency to confuse model 
uncertainty with temporal or spatial variation in environmental systems, 
the tendency to rely on model uncertainty analysis as a low-cost 
substitute for actual scientific research, and the tendency to ignore 
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3.6 

important uncertainties in model structure . when evaluating 
uncertainties in model parameters. 0 

0 Peer review is an essential element of all scientific studies, including 
modeling applications. Peer review is appropriate in varying degrees and 
forms a t  different stages of the model development and application 
process. The basic scientific representation incorporated in the model 
should be based on formulations which have been presented in the peer 
reviewed scientific literature. Ideally, the model itself and initial test 
applications should also be presented in peer-reviewed papers. 

' Formulating Methods and Monitoring Procedures 

. The RFI Work Plan should describe monitoring .procedures that address the 
following items on a release-specific basis: 

7 
Monitoring constituents of concern and other monitoring parameters 
(e .g . , i nd i ca tors); 

Sampling locations and frequency; 

. 0 Sampling methods; 

a 

Types of samples to be collected; 

Analytical methods; and . 

Detection limits. 

These items are discussed below. 

3.6.1 Monitoring Constituents and Indicator Parameters 

Selection and use of reliable and useful monitoring constituents and indicator 
PaIameters is a site-specific process and depends on several factors, including the 
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0 
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0 
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The phase of the release investigation (e.g., verification, characteriza- 
tion); 

The medium or media being investigated; 

The degree to which verifiable historical information exists on the unit or 
release being investigated; 

The degree to which the waste in the unit(s) has been characterized 
through sampling and analysis; 

The extent of the release; 
. . >  

The concentration of constituents within the contaminated media; and 

The potential for physical, chemical, or biological transformations (e.g., 
degradation) of waste or release constituents. 

The general strategy for the selection of specific monitoring constituents starts 
with a large universe l i s t  of constituents (i.e., 40-CFR Pa'rt 261, Appendix V111)3 (It 
should be noted that the definition of constituent may also include components of 
40 CFR Part 264, Appendix IX that are not also on Appendix VIII, but are normally 
monitored for during ground-water investigations.) Based on site-specific 
considerations (e.g., the contaminated media, sampling and analysis of waste from' 
the unit, or industry-specific information), this list may be shortened to an 
appropriate set of monitoring constituents. Constituents initially deleted as a result 
of this process may have to be analyzed a t  selected locations during and/or 
following the RFI, especially if a CMS is found necessary. The discussion below 
explains the use of the four lists presented in Appendix 8. for selecting monitoring 
constituents and supplemental indicator parameters. 

* 

List 1 in Appendix B identifies indicator parameters recommended for release 
verification or characterization for the five environmental media discussed in this 
Guidance. This l is t  was developed based on a review of RCRA and CERCLA 
guidances, as well as on information obtained during RCRA and CERCLA site 
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investigations. These indicator parameters should be used in the RFI unless the 
Owner or operator can show that their use will not be helpful. For example, 
although total organic carbon and total organic halogen are listed as indicator 
parameters for ground water, their use may not be warranted for releases 
consisting primarily of inorganic (e.g., heavy-metal) contamination. In addition, as 
indicated in the footnote in List 1, although TOC and TOX have historically been 
used as indicator parameters for site investigations, the latest data suggests that use 
of these parameters may not provide an adequate indication of contamination, 
primarily due to precision and accuracy problems. 

/' '\\ 

\ \  

\>L ' 

\ 
/ -  
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A t  most sites, however, the use of indicator parameters will be appropriate, 
especially for ground-water monitoring. In general, any constituent not expected 
to be contained in or derived from the waste or the contaminated area may not 
serve as a reliable or practical indicator of a release. Studies have examined the 
frequency of occurrence of analytes in ground-water a t  hazardous waste sites 
throughout the country (Garman, Jerry, Tom Freud and Ed Lawless. 1987. Testinq 
for Ground-water Contamination a t  Hazardous Waste Sites: Journal of 
Chromatographic Science, Vol. 25, pp. 328-337). These studies indicate that metals 
and volatile organic compounds (VOCs) are two sets of analytes that generally 
provide a reliable and practical way of detecting and monitoring a release to 
ground water. . .  

In addition, investigations by EPA's Environmental Monitoring Systems 
Laboratory in Las Vegas, Nevada, and others have shown that most of the 
compounds being released from hazardous waste facilities (as high as 70%) are 
volatile organics. These compounds have a low molecular weight and are fairly 
water soluble, which accounts for their high mobility in ground water. 
Furthermore, volatiles are produced in relatively large quantities in the United 
States and wastes containing them are managed in significant quantities a t  most 
permitted hazardous waste facilities. 

Metals, particularly those that are amenable to the ICP (Inductively Coupled 
Plasma) scan, are the second most common set of contaminants that are released a t  
hazardous waste management facilities, and therefore are also expected to be 
excellent indicators of releases to ground water, as alluded to earlier. 
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A l ist  of those 40 CFR 264 Appendix IX constituents commoniy found in 

contaminated ground water and amenable to analysis by volatile organics and ICP 
(metals) methods is provided in List 2. 

List3 in Appendix E is a master l i s t  of potential hazardous constituents that 
may, a t  one time or another, have to be monitored during an RFI. It contains the 40 
C F R  Part 261, Appendix Vll l  l i s t  of hazardous constituents in the left-hand column. 
The five environmental media columns contain x's where there is a reasonable 
probability, based on physical or chemical characteristics, of a particular constituent 
being present in the given medium. However, constituents not containing an X for 
a particular medium may s t i l l  be present in that medium, despite a relatively low 
probability of their presence. Therefore, the regulatory agency may add sue% 
constituents for monitoring when appropriate. 
consultation with various EPA program offices and through examination of existing 
regulations. The rationale for identifying specific Appendix Vll l  constituents for the 
various media is explained below: 

'1 

, 

, 

List 3 was derived through /I 

Reactivity with water. Those constituents that react with or decompdse 
in water were not marked with an X in the water-related columns. 

Existence of viable analytical techniques for a constituent in a specific 
.medium. In many cases, constituents were not included for a specific 
medium because valid analytical methodologies are not currently 
available for that particular constituentlmedium combination. In some 
cases, standard reference materials are not available for the analysis. 

[Note that the above two criteria describe the primary rationale used to-develop the 
40 CFR Part 264, Appendix IX list of ground-water monitoring constituents. Hence, 
the ground-water and surface-water columns in Lik 3 are based on the final 
Appendix IX constituent list.] 

8 Recommendations from other EPA program offices. Offices concerned 
with the release of hazardous constituents to various media were 
consulted for recommendations on the analytes of primary concern. 
Appendix Vll l  hazardous constituents regarded by EPA's Office of Air 
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Quality Planning apd Standards (OAQPS) as being of primary concern for 
release to air are identified in the air column in List 3. 

0 Background information. Analytes recommended for subsurface gas 
releases were chosen due to their predominance in past studies of this 
problem. The primary sources used for the subsurface gas medium are: 

U.S. €PA. Technical Guidance for Corrective Measures -Subsurface 
- Gas. Prepared by SCS Engineers for U.S. EPA, Office of Solid Waste. 
Washington, D.C. 20460. ' 

South Coast Air Quality Management District. December 1986. 
Hazardous Pollutants in Class I1 Landfills. U.S. €PA, Region IX. San 
Francisco, CA 941 05. 

The soil column includes constituents that may be present in both 
saturated and unsaturated soil. The column generally identifies 
constituents that are also identified for the ground-water and surface- 
water media, but contains additional constituents that are normally 
analyzed during soil contamination investigations (e.g., hydrogen sulfide 
and other gases), and certain other compounds that can be highly 
attenuated in soil (e.g., polyarornatic hydrocarbons). 

An RFI may involve the investigation of waste which is hazardous by 
characteristic, as well as'containing specific hazardous constituents. For example, 
methane, which is not .an Appendix Vlll hazardous constituent, is shown as an 
indicator parameter in List 1 for releases of subsurface gas. Because methane a t  
sufficient concentrations possesses explosive - or reactive properties, it can be 
hazardous based on the reactivity characteristic (40 CFR 261.23). Hence, subsurface 
gas may be the subject of an RFI even if specific hazardous constituents are not 
identified in the release. 

List 4 in Appendix B is an industry-specific list. This list identifies categories of 
constituents, based on the classification presented in the 3rd Edition of EPA'r Test 
Methods for Evaluatinq Solid Waste (EPA/SW-846), that may be present if wastes 
from a given industry are contained in the releasing unit. The EPAISW-846 chemical 
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classifications for these categories-are reprinted as a supplement t3 List 4. List 4 

applies :o all media and may be used in conjunaion with List 3 to identify industry- 
specific constituents that have a reasonable p7obability of being present in a 
particular medium. List4 was derived from a review of the Oeveiopment 
Documents for Effluent Guidelines Limitations prepared for various industries 
under EPA's NPOES program, information received from several €PA Regional Office 
Hazardous Waste Programs, and other references, as indicated in Appendix 8 .  It 
does not cover all industries that may be subject to an RFI. The Development 
Documents for Effluent Guidelines Limitations are available for the 30 industries 
identified in List 4, and may be obtained from the National Technical Informatian 
Service (NTIS). 

[Note that the chemical categories upon which List 4 are based are not 
mutually exclusive. If a category is identified as being appropriate for an industry, 
all constituents within the category should be monitored regardless of whether the 
constituent is contained in other categories.] 

The use of the Appendix B lists in developing and implementing the general 
investigation strategy is described below. 

The phase of the release investigation is a very important consideration. For 
example, the use of indicator parameters (List 1) along with specific hazardous 
constituents, can be helpful in verifying the presence of a suspected release. 
However,-indicators alone are not adequate in showing the absence of a release, 
partially because of their relatively high detection limits (i.e., generally 1000 ug/l 
versus 10 to 20 ug/l for specific constituent analyses), and because indicator 
parameters do not account for a l l  classes of constituents that may be present. 
Verification of the absence of a release should therefore always be supported by 
specific hazardous constituent analyses. ' 

For the same reasons, indicator parameten should not form the sole basis for 
release characterization, especially a t  locations in the release where indicator 
concentrations are close to detection limits. Indicator parameten may be 
particularly useful in mapping large releases, but should always be used in 
conjunction with specific monitoring constituents. 
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Specific monitoring constituents and indicator parameters may also need to be  

modified as the investigation progresses, because physical, chemical, and biological 
degradation may transform constituents as the release ages or advances. When 
chemicals degrade, they usually degrade into less toxic, more stable species. 
However, this is not always the case. For example, one of the degradation products 
of trichloroethylene is vinyl chloride. Both of these chemicals are carcinogens. 
Information on degradation can be found in the environmental literature. 
Particular references include : 

US. EPA. 1985. Atmospheric Reaction Products from Hazardous Air 
Pollutant Deqradation. NTlS P885-185841. Washington, D.C. 20460. 

U.S. EPA. 1984. Fate of Selected Toxic Cornpounds Under Controlled 
Redox Potential and PH Conditions in Soil and Sediment Water Svstems. 
NTlS PB84-140169. Washington, D.C. 20460. 

I 

This topic is discussed in more detail later in this section and in each of the 
media-specific sections. 

After a release is adequately characterized in terms of concentrations of 
hazardous constituents (or hazardous characteristics), a comparison of these 
concentrations to €PA health and environmental-based criteria will be made (see 
Section 8). Although this comparison may involve a shortened list at  this stage 
t h e  RFI, all potential monitoring constituents (even those deleted earlier in th  
process) may need to be analyzed at selected monitoring locations to verify their  
presence or absence. 

The  use of ICP spectroscopy (for metals) and gas chromatography/masr 
spectrometry for volatile organic compounds (List 2) can be particularly helpful in 
delineating releases where little or no information is available on the  source. These 
methods are relatively cost-effective because they address a number of constituents . 

in a single analysis. 

The medium or media being investigated is also an important consideration in 
identifying monitoring constituents. For example, non-volatile constituents may be 

I .  poor candidates for monitoring of an  air release, unless wind-blown particulates are 
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355 
of concern. 
constituents most likely to be measurable in each medium of concern. 

List3 in Appendix8 ha; beer; developed to aid in identifying 

Historical information (e.g., records indicating the industry from which wastes 
originated) may be useful in selecting monitoring constituents. List 4 in Appendix 8 
may be helpful in identifying classes of constituents that may be of concern if a 
particular industry can be identified. 

Waste sampling and analysis (see Section 7) may be performed to tailor the 
initial l i s t  of monitoring constituents. Although complete waste characterization is 
recommended in most cases, this may not always be possible or desirable (e.g., for a 
large unit in which many different wastes were managed over a long period or in 
cases where wastes have undergone physical and/or chemical changes over a long 
period). A complete historical waste characterization in such cases would not be 
possible. Other cases where waste sampling and analysis would generally be 
inadvisable are those where the waste is highly toxic (e.g., nerve gas) or explosive 
(e.$, disposed munitions). In these cases, it may be more appropriate to sample the 
environmental medium of concern a t  locations expected to indicate the highest 
release concentrations. Such sampling activities should be performed following 
appropriate health and safety procedures (see Section 6). 

The extent of the release may also dictate, to some degree, the selection of 
monitoring constituents. For apparently small releases (e.g., 5 square yards of 
contaminated soil), it may be reasonable to base al l  analyses on specific monitoring 
constituents. For larger releases, the use of indicator parameters along with specific 
monitoring constituents may be a better approach. In this case, an appropriate 
balance between indicator parameters and monitoring constituents is  advisable. 

In addition, the potential for physical, chemical, or biological transformations 
(e.g., degradation) of constituents should also be considered in identifying monitor- 
ing constituents. Biodegradation may be of particular importance for the soil and 
surface-water media. For example, trichloroethylene in a waste unit or medium can 
degrade over time to vinyl chloride and other products. Such products may be 
present a t  higher concentrations than the parent trichloroethylene and may also be 
more toxic. Therefore, the selection of monitoring constituents should consider the 
potential for constituents to be transformed over time. Each of the media-specific 
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sections contains a discussion of physical, chemical, and biological transformation 
mechanisms. 

/' \' 

Another approach that may be taken in selecting monitoring constituents for 
a particular medium is to use physical and chemical property data, such as the 
octanol/water partition coefficient or solubility, to predict which constituents may 
be present in a given medium. Further guidance on the use of this approach, 
including tables presenting data on relevant physical and chemical properties of 
various constituents, is presented in the following reference: 

US. €PA. October, 1986. Superfund Public Health Evaluation Manual. EPA 
540/1-86/060. NTlS P887-183 125. Office of Emergency and Remedial 
Response. Washington, D.C. 20460. 

Case Study Numbers 1, 2, 4, 9, and 10 in Volume IV (Case Study Examples) 
illustrate application of the concepts discussed above. 

3.6.2 Use of EPA and Other Methods 

As described in the preceding sections, and in the media-specific sections 
(Sehions 9 through t 3 ) ,  many different types of methods may be employed in 
conducting the RFI. These include methods for sampling, QNQC, and field 
operations, as well as methods for physical, biological, and chemical analyses. These 
methods were developed by various organizations, including €PA, other Federal 
and State agencies, and by "standard-setting" organizations [e.g., ASTM, (American 
Society for Testing. and Materials)]. Some of these methods are final, while others 
are in draft or proposed status. As discussed previously, the RFI Work Plan should 
propose methods that best suit the needs of the situation under investigation. 
Guidance in the foilowing sedions, and in the media-specific sections, is given on 
methods recommended in certain situations, including appropriate references. The 
following discussion highlights some general guidelines to follow in the selection of 
methods: 

0 Use of EPA Methods: 
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€PA recently published the 3rd Edition of i t s  testing manual for solid 
waste (US. €PA. 1986. - Test Methods for Evaluatina Solid Waste. 

6 EPNSW-846, GPO No. 955-001-00000-~1), generalry known as SW-846. 
This manual provides QAlQC methods, analytical methods, physical and 
chemical property test methods, and sampling and monitoring methods. 
These methods are acceptable for the RFI and contain guidance on 
unique problems that may be encountered during solid and hazardous 
waste investigations. Where possible, it is recommended that SW-846 (or 
equivalent) methods be used over other available meth,ods. SW-846, 

however, may not provide al l  methods applicable in certain situations. In 
such cases, other €PA methods manuals (including €PA Regional Office 

I 

methods manuals) may be used. 'One such document that should be _ _  

pafiicularly useful is EPA's Compendium of Field Operations - .  Methods, 
developed by the Office of Emergency and Remedial Response (OSWER 
Directive No. 9355.0-14, €PA 540/P-87/001A, August 1987). This 
document provides discussions of various methods that can be applied in 
field investigations, and includes general considerations for project 

. planning, QA/QC, and sampling design. Specific methods presented 
include: . 
- Rapid field screening procedures (e.g., soil gas surveys using 

portable fie Id instruments) ; 

- Drilling in soils; 

- Test pits and excavation; 

- Geological reconnaissance; 

- Geophysics; 

- Ground-water monitoring; 

- Physical and chemical properties; 

- Surface hydrology; 
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- Meteorology; 

- Biology and Ecology/Bioassay and Biomonitoring; and 

- Surveying, Photography, and Mapping. 

0 Use of Other Federal or State Methods: 

The Occupational Safety and Health Administration (OSHA), the Food 
and Drug Administration (FDA), and several other Federal agencies have 
developed methods and methods manuals for specific applications. In 
addition, State and €PA Regional Offices have also developed methods 
and methods manuals. These methods may also be use'd during release 
investigations, if appropriate. The media-specific sections of this 
Guidance identify where such methods may be particularly applicable. 

, 
Use of Other Methods: 

t 

Several "standard-setting" organizations are involved in the 
development of test methods for various applications. One such 
organization, the ASTM, publishes test methods and other standards in 
i ts Annual Book of ASTM Standards, which is updated yearly. Many of 
ASTM's methods may be applicable for use in the RFI; however, if 
comparable €PA methods exist, they are preferred because they often 
contain important information necessary for regulatory purposes.; 

Many ASTM and €PA methods are similar and some are identical. The primary 
reason for this is that many €PA methods are derived from ASTM methods. 
Some of ASTM's methods are adopted by €PA in toto. EPA's Compendiumof 
Field Operations Methods, for example, contains many ASTM methods that 
can be used during an RFI. 

Although ASTM's Committee 0-34 on Waste Disposal has only published 
several final methods (ASTM. 1986 Annual Book of ASTM Standards. Volume 
11 :04), it has many other methods currentiy in various stages of development. , 0 
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Several methods under development that may be applicable to the RFI process 
are expected to be finalized and available soon. 

Other organizations are also involved in the development and standardization 
of test methods. Many industrial and environmental association methods can 
also be used during an RFI.  EPA's Compendium of Field Operations Methods 
identifies several of these. 

All methods proposed for use by the owner or operator should be clearly 
described and adequately referenced. 

3.6.3 , Sampling Considerations 

This section discusses several considerations important in designing a sampling 
plan, including sample types, and pertains to sampling of the waste source and the 
affected environmental media. Section 7 contains additional guidance on waste 
source sampling. A general discussion of sampling equipment and procedures is 
presented in EPA's SW-846. Other guidances containing general information that 
can be used in designing a sampling plan include the following: 

US. EPA. August, 1987. Compendium of Field Operations Methods. Office of 
Emergency and Remedial Response. OSWER Directive No. 9335.0-1 4. €PA 
540/P-87/001A. Washington, D.C. 20460. 

U.S. €PA. 1985. Practical Guide for Ground-Water Samdinq. Robert 5. Kerr 
Environmental Research Laboratory. EPA/600/2-85/104. Ada Oklahoma. 

US. €PA. 1986. RCRA Ground-Waster Monitorinq Technical .Enforcement 
Guidance Document. OSWER Directive No. 99S0.1. Office of Waste Programs 
Enforcement. Washington, D.C. 20460. 

US. €PA. July 24, 1981. RCRA Inspection Manual. Section V. Office of Solid 
Waste. Washington, D.C. 20460. 
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U.S. €PA. May, 1984. Soil Samplinq Quality Assurance Users Guide. ~ 

01. NTIS P884-198621. Washington, D.C. 20460.) 
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3.6.3.1 General Sampling Considerations 

Various methods exist for obtaining acceptable samples of waste and for each 
medium described in this document. Each of the media-specific sections (Sections 9 
through 13) describes appropriate methods. The RFI Work Plan should propose 

. methods that best suit the needs of the sampling effort. The following criteria 
should be considered in choosing such methods: 

0 Representativeness--The selected methods should be capable of pro- 
viding a true representation of the situation under investigation. 

0 

0 

Compatibility with Analytical Considerations--Sample integrity must be 
maintained to the maximum extent possible. Errors induced by poorly 
selected sampling techniques or equipment can result in poor data 
quality. Special consideration should be given t o  the selection of 
sampling methods and equipment to prevent adverse effects during 
analysis. Materials of construction, sample or species loss, and chemical 
reactivity are some of the factors that should receive attention. 

Practicality-:The selected methods should stress the use of simple, 
practical, proven procedures capable of being used in or easily adapted 
to a variety of situations. 

Simplicity and Ease of Operation--Because of the nature of the material 
to be sampled, the physical hazards that may be encountered during 
sampling, and the wearing of safety equipment, the proposed sampling 
procedures should be relatively easy to follow and equipment simple to 
operate. Ideally, equipment should be portable, lightweight, and 
rugged. 

._  
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0 .Safety--The risk to sampling personne! and others, intrinsic safety of 
instrumentation, and safety equipment required for conducting the 
sampling should be carefully evaluated. 

1 

3.6.3.2 Sample Locations and Frequency. , 

Because conditions in the unit or in the contaminant release will change both 
temporally and spatially, the design of the monitoring network should be 
developed accordingly. Spatially, sufficient samples should be collected to 
adequately define the extent  of the contamination. Temporally, the plan should 

. address spreading of the release with time and variation of concentrations due to 
factors such as changes in background concentrations, waste management 
practices, unit operations, the composition of the waste, and climatic and 
environmental factors. For example, sampling and supplemental measurements 
(e.g., wind speed) should be conducted when releases are most likely to be 
observed, when possible. 

Selection of specific sampling locations and times wit1 be site- and release- 
dependent. Three general approaches can be used in selecting specific sampling 
locations. Selection of a particular approach depends on the level of knowledge 
regarding the release. Judgmental sampling generally involves selection of 
sampling locations based on existing knowledge of the release configuration (e.g., 
visual evidence or geophysical data). A systematic approach involves taking samples 
from locations established by a predetermined scheme, such as'a line or grid. Such 
samples can help to establish the boundaries of a contaminated area. Random 
sampling involves use of a .randomiring scheme," such as a random number table, 
to select locations within the study area. Random.sampling can be useful when-, 
contamisnant spatial distribution is expected to be highly variable. Regardless of the 
sampling approach taken, it is recommended that a coordinate (grid) system be 
established a t  the site to describe and record sampling locations accurately. As a 
release investigation progresses, and as more information regarding a release is 
gathered, the sampling approach may be varied as appropriate. Application of 
judgmental, systematic, and random sampling is discussed below. 

, 

Reproduced from 
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Judgmental sampling is  appropriate when specific information exists on the 
potential configuration of a release. Many releases are likely to fall into this 
category, because site layout or unit characteristics will often indicate areas of 
potential contamination. Examples of judgmental sampling include: 

0 Taking air samples a t  areas generally downwind of a unit; 

0 Taking grab samples of surface soils from a drainage channel that 
receives surface runoff from a known contaminated area; and 

* Obtaining soil cores downslope from a known waste burial Site. 

Judgmental sampling will generally bias the data obtained toward higher 
contaminant concentrations. For example, samples taken only from areas Of 

suspected Contamination would generally be biased toward higher concentrations. 
In many cases, this approach will suit the needs of the RFI. 

3.6.3.4 Systematic or Random Grid Sampling 

Systematic or random grid sampling allows the collection of a set of unbiased 
samples a t  the area of concern. These samples can be used for detection of 
contamination, for calculation of averages (e.g., for characterizing the contents of a 
surface impoundment when it is expected to be fairly homogeneouh and for 
modeling purposes. The size and shape of the grid should consider site-specific 
factors. However, some general recommendations can be made for effective grid 
planning. The following steps are recommended in establishing a grid system: 

Choose the study area to be included in the grid. To 
extent of the contaminated area, this area should be 
suspected extent of contamination. 

Select the shape and spacing of the grid. The shape 

define the full 
arger than the 

may vary (e.g., 
rectangular, triangular, or radial), depending on the needs of the in- 
vestigation. The grid spacing should be based on consideration of the 
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appropriate defisity of sampling 'goints. For example, an initial sampling 
effort in an area of widespread, homogeneous contamination may use a 
200-foot grid, whereas a search for "hot spots" in a poorly defined 
contaminated area might require a SO-foot or smaller spacing. 

(3) Draw (or overlie) the sampling grid on a plan of the site. To minimize 
sampling bias, a random number table may be used to choose sampling 
cells. 

. 

(4) Transfer the grid onto the study area by marking grid line intersections 
with wooden stakes. The exact location of the sample within each grid 
cell may be chosen systematically (e.g., a t  each node) or randomly (i.e., 
anywhere within each cell). 

Figure 3 - l a  shows a systematic grid with samples taken a t  each node. Random 
grid sampling produces a sampling distribution such as that shown in Figure 3-1 b. A 
possible limitation of systematic grid sampling is that if contaminants are 
distributed in a regular pattern, the sampling points could all lie within the "clean" 
areas (Figure 3-lc). This possibility 'should be considered when proposing a 
sa m pi i n g approach. 

3.6.3.5 Types of Samples 

The owner or operator should propose the types of samples to be collected 
with the monitoring procedures. In general, there are three basic sample types: 
grab, composite, and integrated, as discussed below. 

Grab sampling4 grab sample is an individual sample taken a t  a specific 
location a t  a specific time. If a contaminant source or release is known to 
be fairly constant in composition over a considerable period of time or 
over substantial distances in all directions, then the sample may serve to 
represent a longer time period or a larger volume (or both) than the 
specific point and time a t  which it was collected. 

When a contaminant source or release is known to vary with time, grab 
samples collected a t  suitable intervals and. analyzed separately can 
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a) SYSTEMATIC GRID SAMPLING 

b) RANDOM GRID SAMPLING 

X I BURIEDWASTE 

c) CASE IN WHICH SYSTEMATIC CRlD SAMPLING MISSES 
WASTES WRIED IN A REGULAR P A T E R N  

FIGURE 3-1. GRID SAMPLING. 
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355 
indicate the magnitude 2nd. Juration of Variations. Sampling intervals 
should be chosen on the basis of the frequency with which variations 
may be expected. It may not always be desirable to take samples a t  equal 
intervals (e.g., subsurface gas releases are sensitive to seasonal 
influences). If sample composition is  likely to show significant variation 
with time and space, grab samples from appropriate locations are 
recommended. 

0 Composite samples--Composites are combinations of more than one 
sample collected a t  various sampling locations and/or different times. 
Analysis of composites generally yields average values which may not 
accurately describe the distribution of release concentrations or identify 
hot spots. Compositing does not reflect actual concentrations and can 
reduce some concentrations to below detection limits. Composites may, 
in limited instances, be used to reduce the number of individual grab 
samples (e.g., when calculating an average value is appropriate). ‘For 
example, compositing waste samples from a surface impoundment may, 
be performed to determine an average value over several different 
locations. Compositing may also be useful in determining the overall 
extent of a contaminated area, but should not be used as a substitute for 
characterizing individual constituent concentrations. Therefore, 
compositing should be limited and should always be done in conjunction 
with an adequate number of grab samples. 

.. 

0 Integrated samples--An integrated sample is typically a continuously 
collected single sample taken to describe a population in which o.ne or 
more parameters vary with either time or space. An  integrated sampling 
technique can account for such variations by collecting one sample over 
an extended time period, such that variations can’ be averaged over that 
period. The most common parameter over which sampling periods are 
integrated is time. Time-integrated samples can provide an average of 
varying concentrations over the period sampled. 

Integrated sampling may be appropriate under limited circumstances. 
For example, process stream flows often change with variations in. the 
process itself or with environmental conditions, such as wind speed. A 
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flow-integrated sampling device can collect a sample over a period of 
time as the sampling rate increases Or decreases with the rise and fall of 
the stream flow. The device automatically biases sample collection 
toward those periods of high flow, with sampling rates decreaslng 
during low- flow periods. 

integrated samples can be particularly useful for air and surface-water 
investigations where continuous changes in environmental conditions 
can affect constituent concentrations. See sections 12 and 13 (air and 
surface water, respectively) for more information. 

3.6.4 Analytical Methods and Use of Detection Limits 

Analytical methods should be appropriate for the constituenb and matrices 
being sampled. As indicated previously, the EPA publication Test Methods for 
Evaluatina Solid Waste (EPA/SW-846), should be used as the primary reference for 
analytical methods. This document contains analytical methods that can be applied 
to solid, liquid, and gaseous matrices, and also presents detection limits generally 
associated with these methods. it is important to understand that detection limits 
can vary significantly depending on the medium (e.g., air, water, or soil) and other 
matrix-specific factors (e.g., presence of multiple Contaminants). In addition to SW- 
846, the following reference provides detection limit information for water and soil 
matrices: 

f US. €PA. March, 1987. Data Oualitv Obiectives for Remedial Response 
Activities. Volume 1 (Development Process) and Volume 2 (Examole Scenariol. 
Office of Emergency and Remedial Response and Office of Waste Programs 
Enforcement. EPA 540/C-78/003a. OSWER Oirective No. 9335.0-7b. 
Washington, D.C. 20460. 

Detection limits should be stated along with the proposed analytical methods in the 
RFI Work Plan. Analytical values determined to be a t  or below the detection limit 
should be reported numerically (e.g., 50 .1  mg/l). 

. . 
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355 3.7 RFI Decision Points 

A s  monitoring data become available, both within and a t  the conclusion of 
discrete investigative phases, they should be reported to the regulatory agency as 
directed. The regulatory agency will compare the monitoring data to applicable 
health and environmental criteria to determine the need for (1) interim corrective 
measures; and (2) a CMS. In addition, the regulatory agency will evaluate the 
monitoring data with respect to adequacy and completeness to determine the need 
for any additional monitoring efforts. The health and environmental criteria and a 
general discussion of how the regu1ato.q agency will apply them are supplied in 
Section 8. A.flow diagram illustrating RFI decision points is provided in Figure 3-2. 

Notwithstanding the above process, the owner or operator has a continuing 
responsibility to identify and respond to emergency situations and to define priority 
situations that may warrant interim corrective measures. For these situations, the 
owner or operator is directed to follow the RCRA Contingency Plan requirements 
under 40 CFR Part 264, Subpart D. 

. .  
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FOOTNOTES FOR FIGURE 3-2 355 
1 Although the health and environmental assessment I S  conducted by t h e  

regulatov agency, the owner or operator has a continuing responsrbttity to 
Identify and respond to emergency situations and to define priority situations 
that may Warrant interim corrective rneasufes. 

2 If sufficient monitoring data indicate that a release identified as "suspected" by 
the RFA has actual1 not occurred, no further action IS necessary unless the 

imminent. 
regulatory agency Cr etermtnes that the occurrence of a release is or may be . 

3 For the air medium, the health and environmental assessment criteria are 
applied a t  actual receptor locations. For all other media, these criteria are 
applied a t  the unit or waste management area boundary and beyond. 

4 A Corrective Measures Study or interim corrective measures may still be required 
based on qualitative criteria. (See Section 8 for discussion). 
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SECTION 4 355 

4.1 

QUALITY ASSURANCE/QUALlTY CONTROL PROCEDURES 

Overview 

Quality assurance (QA) i s  a management system for ensuring that all 
information, data, and decisions resulting from the RFI are technically sound and 
properly documented. Quality control (QC) is the functional mechanism through 
which quality assurance achieves its goals. Quality control programs, for example, 
define the frequency and methods of checks, audits, and reviews necessary to 
identify problems and dictate corrective action to resolve these problems, thus  
ensuring data of high quality. Thus, a Qa/QC program pertains to all data 
collection, evaluation, and review activities that are part of the Rfl. 

Data generated during the RFI will provide the  basis for decisions on corrective 
measures; therefore, the data should present a valid characterization of t h e  
situation. Utilization of erroneous or poor-quality data in reporting RFl results may 
lead to unnecessary repetition of sampling and analysis or, more importantly, to 
faulty decisions based on poor results. The owner or operator should develop * 

. adequate QNQC procedures for the RFI. Implementation of these procedures will 
allow the owner or operator to monitor and document the quality of the  data 
gathered. 

The next portion of this section (4.2) describes the general design of a QNQC 
program. The following portions of this section (Sections 4.3 and 4.4) outline and 
describe important QNQC considerations that  should be accounted for in the 
performance of sampling and analysis. 

Section 4 is not intended to constitute a complete guide to constructing QA 
project plans or QC programs. €PA has established, through the issuance of various 
documents, guidance descri bing the development and implementation of QNQC 
programs that can be used to design effective QNQC procedurgs for t h e  RFI. The 
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final pofilon of this section (Section 4 . 9  presents references that provide additional 

When selecting field personnel and analytical services to perform any RFI 

activity, the owner or operator is encouraged to evaluate available QA/QC programs 
and procedures in light of the information and references provided in this section. 
Participation in internal andlor external  (e.g., Federal or State) laboratory 
validationkertification programs may be particularly important in selecting 
laboratory services. 

Case Study No. 5 in Volume IV (Case Study Examples) provides an example of 
an effective QNQC program. 

8.2 QNQC Program Design 

The initial step for any sampling or analytical work should be to strictly d,efine 
the program goals. Once these goals have been defined, a program can be 
designed to meet them. QA and QC measures are used to monitor the program and 
to ensure that all data generated are suitable for their intended uses. The 
responsibility of ensuring that the QNQC measures are properly employed should. 
be assigned to a knowledgeable person (i.e., a QNQC specialist) who is not directly 
involved in the sampling or analysis. 

One approach found to provide a useful structure for a,QNQC program is 
/ preparing both program and project-specific QA/QC plans. The program plan sets 
up basic policies, including QWQC, and may include standard operating procedures 
(SOPS) for specific methods. The program plan sewes as an operational charter for 
defining purposes, organizations, and operating principles. Thus, it is an orderly 
assemblage of management policies, objectives, principles, and general procedures 
describing a plan for producing data of known and acceptable quality. The 
elements of a program plan and its preparation are described in the following 
reference: 

U.S. ETA. September 20, 1980. Guidelines and Specifications for Preparin 
- Q U d W  Assurance Proqram Plans. Office of Monitoring Systems and Quality9 
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project-specific QNQC plans differ from program plans in that specific details 

of a particular sampling/analysis program .are addressed. For example, a program 
plan might state that all equipment will be calibrated according to a specific 
protocol given in written SOPS, while a project plan would state that a panicular 
protocol will be used to calibrate the equipment for a specific set of analyses that 
have been defined in the plan. The project plan draws on the program plan for i t s  
basic structure and applies this management approach to specific determinations. 
An  organization or laboratory would have only one Q A  program plan, but would 
have a QA project plan.for each of i t s  projects. The elements of a project’plan and 
its preparation, presented in Table4-1, are described in detail in the following 
reference: 

US. €PA. December 29, 1980. Interim Guidelines and Soecifications for 
Preparinq Qualitv Assurance Project Plans. Office of Monitoring Systems and 
Quality Assurance. EPA/QAMS-005/80. NTlS PB83-170514. Washington, D.C. 
20460. 

4.3 Important Considerationsfor a QNQC Program 

The use of qualified personnel for conducting v.arious portions of the RFI is of 
paramount importance to an effective QNQC program. This pertains not only to 
qualified QA/QC specialists, but also to specialists in other fields, including 
hydrogeologists, air quality specialists, soil. scientists, analytical chemists and other 
scientific and technical disciplines. The owner or operator should ensure that 
qualified specialists, primarily individuals with the proper education, training, and 
experience, including licensed or certified professionals, are directi.ng and 
performing the various RFI activities. The same general principles apply to selection 
of contractoo and/or outside laboratories. 

. .  

4.3.1 Selection of Field Investigation Teams 

The owner or operator should consider the following factors when selecting 
any field investigation team: 

Level of expemse and/or training required (e.g., experience, references); 
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0 Available workforce; and 

0 Time and equipment constraints. 

4.3.2 Laboratory Selection 

The owner or operator should consider the following facton when selecting a 
laboratory : 

Capabilities (facilities, personnel, instrumentation), including: 

- Participation in interlaboratory studies (e.g., EPA or other Federal 
or State agency sponsored analytical programs); 

- Certifications (e.g., Federal or State); 

- References (e.g., other clients); and 

- Experience (RCRA and other environmentally related projects). 

0 Service: 

- Turnaround time; and 

- Technical input (e.g., recommendations on analytical procedures). 

The owner or operator is encouraged to gather pertinent laboratory-selection. 
information prior to extensively defining analytical requiremenu under the RFI. A 

request may be made to a laboratory to provide a qualifications package that 
should address the points listed above. Once the owner or operator has reviewed 
the various laboratory qualifications, further specific discussions with the laboratory 
or laboratories should take place. In addition, more than one laboratory should be 
considered. For large-scale investigations, selection of one laboratory as a primary 
candidate and one or two laboratories as fall-back candidates should be considered. 

4-5 



The quality of the laboratory service provided is dependent on various factors. 
The Owner or operator should be able to control the quality of the information 
(e.g., samples) provided to the laboratory. It is extremely important that the owner 
or operator communicate to the laboratory al l  the requirements attendant to t h e  
RFI. This includes the identification of the number of samples and their matrices, 
sampling schedule,, parameten and constituents (analytes) of interest, required 
analytical methodologies, detection limits, holding times, deliverables, level of 
QNQC, and required turnaround of analytical results. 

.4.3.3 important Factors to Address 

A major element in release characterization is to define the QNQC measures 
that will be followed to ensure the validity of data generated during the 
investigation. These measures should ensure that data generated are suitable for 
their intended uses. Q#QC procedures should address the following facton: 

(1) Intended use(s) for the data, and the necessary level of precision and accuraq 
for these intended uses (See Section 4.4.1). 

(2) Procedures for representative sampling, including: 

Selecting appropriate sampling locations, depths, etc.; 

Providing a sufficient number of samples and sampling sites; 

Obtaining all necessary ancillary data; 0 

Deermining conditions (eg., weather) under which sampling should be 
conducted; 

Determining which media are to be sampled (e.g., ground water, air, soil, 
sediment , e tc.) ; 

Determining which constituentr are to be measured; 

Selecting appropriate sample containen; - 
e .  
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355 
Selecting the frequency of sampling and duration of the sampling 
period; 

Selecting the types of samples (e.g., composites and grabs) to  be 
collected; 

Detailing methods of sample preservation; and 

Detailing methods of sample chain-of-custody. 

(3) Documentation of field sampling operations and procedures, including: 

e 

Documentation of procedures for preparation of reagenu or supplier 
that become an integral part of the sample (e.g., f i l ten and adsorbing 
r eag en ts) ; 

Documentation of procedures and forms for recording the exact location ' 
and specific considerations associated with sample acquisition; 

Documentation of specific sam'ple preservation methods; 

Calibration of field devices; 

Col I e a i  on of rep I i ca te sa rn pies; 

Submission of field blanks, where appropriate; 

Detailing of potential interferences present at  the facility; 

Listing of construction materials and techniques associated with 
monitoring wells, piezometers, and other monitoring 'equipment; 

Listing of field equipment and sample containers; 

0 Copy of sampling order; and 
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0 Documentation of decontamination procedures. 

(4) Analytical Procedures, including: 

0 Appropriate analytical methods; 

0 Appropriate sample storage; 

0 Appropriate sample preparation methods; 

0 Appropriate Cali bration procedures; and 

0 Data management (e.g., review, reporting, and recordkeeping) 
procedures. 

(S) Planning for the inclusion of proper and sufficient QWQC activities, including 
the use of QC samples, throughout the study is neceswv to ensure that the 
quality of the sampling and analytical data will meet the objectives of the RFI. 

The factors and considerations described above are important for any 
environmental monitoring and measurement project. If these factors are 
adequately addressed (i.e., appropriate procedures are developed, tasks are 
assigned to qualified personn-el; and sufficient QNQC steps are employed), the 
goals of the RFI should be met. If the QNQC procedures are sound, problems will be 
detected early, enabling the appropriate corrective actions to be taken. 

. 

[Note that the term "corrective action," in the context of a QNQC program 
pertains to actions taken as a result of problems (e.g., sample contamination) 
uncovered by an effeaive QNQC program. This should not be confused with the 
corrective measures that may be applied as a result of the RFI. Corrective actions as 
a result of QNQC are discussed in Section 4.4.10.1 
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4.4 QNQC Objectives and procedures 355 

The following describes the general components of QA/QC objectives and 
procedures. Specific references regarding recommended procedures are presented 
in Section 4.S. 

4.4. I - Data Quality and Use 

Throughout the RFl process, It IS important that the owner or operator keep in 
mind the eventual use to which data will be put; that is, comparison of data to 
health and environmental criteria to determine whether some form of corrective 
measure may be necessary to correct the release. Therefore, data collected during 
the investigation needs to be of sufficient quality to support decisions regarding 
whether interim corrective measures and/or a CMS may be necessary. 

Qualitative or quantitative statements that outline the decision-making 
process and specify the quality and quantity of data required to Support decisions 
should be made early in the planning stages of the RFI. These data quality 
objectives (DQOs) are then used to design sampling and analysis plans and to 
determine the appropriate level of QNQC. 

The following discussion concerning DQOr is summarized from the following 
document: 

U.S. €PA. March, 1987. ,Data Quality Objectives for Remedial Response 
5 Activities. Volume 1 : Development Process. Volume 2: Example Scenario. 

EPA 540/G-87/003a. OSWER Directive No. 9335.0-78. Office of Emergency and 
Remedial Response and Office of Waste Programs Enforcement. Washington, 
D.C. 20460. 

This document may be reviewed for more detailed information. The Example 
Scenario (Volume 2) may be particularly helpful in understanding the overall OQO 
process. 

, The first step in the process of developing OQOs involves defining the 
decisions to be made based on the data and the objectives of the investigation. The 
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second step is defining a set of objectives (DQOS) that can bo used to design the 
sampling and analysis plan and determining the appropriate level of QA/QC. 

Ultimately, these DQOs are also used to determine the adequacy of the data in 
terms of whether their quality and quantity are sufficient to enable confident 
decision-making. This process of defining the objectives of the investigation and 
designing data-gathering efforts to meet these objectives, should be initiated prior 
to starting the investigation. Refinements or revisions to these objectives may also 
be necessary as the investigation progresses. 

The criteria most commonly used to specify OQOr and to evaluate available 
sampling, analytical, and QA/QC options are known collectively as the Precision, 
Accuracy, Representativeness, Completeness, and Comparability (PARCC) 
parameters. A brief description of these follows: 

0 

0 :. 

e 

Precision - a measure of the reproducibility of analyses under a given set 
of conditions. 

Accuracy - a measure of the bias in a measurement system. 
jl 

a Representativeness - the degree to which sampling data accurately and 
precisely represent selected characteristics. 

Completeness a measure of the amount of valid data obtained from a 
measurement system compared to the amount that could be expected to . 
be obtained under "normal" conditions. 

comparability - the degree of confidence with which one data set can be 
compared to another. 

When using these parameters to assess data quality, only precision and 
accuracy can be expressed in purely quantitative terms. The other parameters are 
best expressed using a mixture of quantitative and qualitative terms. All these 
parameten are interrelated in terms of overall data quality and may be difficult to 
evaluate separately due to these interrelationships. The relative significance of 
each parameter depends on the type and intended use of the data being collected. 
Each parameter is addressed in further detail below. 

*agi  
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Precision is a measure of the scatter of a group of measurements made a t  the 

Same specified conditions around their average. Values calculated should 
demonstrate the reproducibility of the measurement process. Determination of 
precision in relation to the RFI deals primarily with sampling and analytical 
procedures. The sample standard deviation and sample coefficient of variation are 
commonly used as indices of precision. The smaller the standard deviation and 
coefficient of variation, t h e  better the precision. 

Precision is stated in uni ts  of measurement or as a percentage of the 
measurement average, as a plus and minus spread around the average measured 

. value. There are many sources of variation or error within any measurement system. 
Depending on the nature of the investigation, variation or error may be introduced 
at various stages. Examples of these are sample collection, handling, shipping, 
storage, preparation, and analysis. When summarizing precision determinations, 
the component or components of the measurement system that are included should 
be noted. The stage a t  which a replicate is placed within the measurement system, 
for example, generally dictates the components that affect the precision determi- 
nation. 

Accuracy is defined as t h e  agreement of a measurement with an accepted 
reference or true value. This i s  normally expressed as the difference between' 
meaiured and reference or true values or the difference as a percentage of t h e  
reference or true value. It may also be expressed as a ratio of the measurement to 
the true value. Accuracy is a measurement of system bias. 

- 

, 
The determination of accuracy or bias within the  measurement system is 

generally accomplished through the analysis of the neat sample (e.g., distilled water 
as opposed to pond or local water) and t h e  analysis of the sample spiked a t  a 
known Concentration utilizing a standard reference material. As in the case of t h e  
precision determination, the point a t  which the sample IS spiked determines which 
components of t h e  measurement system have an effect on the accuracy of the 
analysis. The three sample spiking points are sample acquisition (field matrix spike); 
preparation (lab matrix spike); and analysis (analysis matrix spike). The field matrix 
spike provides a best-care estimate of bias based on recovery. It includes matrix 
effects associated with sample preservation, shipping, preparation, and analysis. 

- . n  Y 
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The lab matrix ,pike provides an estimate Of recovery incorporating matrix effects 
asscciated with sample preparation and andlySlS only. The analysis matrix spike 
provides an indication of matrix effects associated with the analysis process only. In 
addition to the above sample spiking points, the analysis of a known concentration 
of a standard reference material into the appropriate method solvent (e g., 
deionized water, methanol, 2 percent nitric acid, etc.) provides an indication of the 
accuracy of the analytical system calibration. 

. 

Completeness is defined as the measure of the amount of valid data obtained 
from a measurement system compared to the amount that could be expeaed to be 
obtained under "normal" conditions. The completeness goals should be identified, 

.to the extent possible, a t  the beginning of the RFI to ensure that sufficient valid 
data are collected to meet the RFI objectives and to provide a measurement 
whereby the progress of the RFI may be monitored during data collection. 

QNQC procedures may benefit through tabular presentations of the precision, 
accuracy, and completeness goals for the work performed under the R f l .  

Representativeness expresses the degree to which data accurately and 
precisely represent a characteristic of a population, parameter variations a t  a 
sampling point, a process condition, or an environmental condition, QA/QC 
Procedures should address all data gathering with regard to representativeness. All 
RFI data compilation should reflect as precisely and as accurately as possible the 
conditions that existed a t  the time of measurement. Examples of factors that  
should be considered include: 

. @ 
- 

0 

0 

0 

0 

0 :. ' .. . 

Environmental conditions a t  the time of sampling; 

F i t  of the modeling or other estimation techniques to the event($); 

Appropriateness of site fife information versus release conditions; 

Appropriateness of sampling and analytical methodologies; 

Number of sampling points; 
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e Representativenw of selected media; and 355 

0 Representativeness of selected analytical parameters. 

Comparability is defined as an expression of the confidence with which one 
data set can be compared to another. In terms of the RFI, comparability may be 
applied to: 

RFI data generated by the owner or operator over a specific time period; 

Data generated by an  outside laboratory over a specific time period; 

0 RFI data generated by an  outside laboratory versus data generated by 
the owner or operator; and 

Data generated by more than one outside laboratory. 

The utilization of standard methodologies for the  various data generation 
categories (e.g., sampling, analysis, geological, and meteorological) should ensure 
data Comparability. The owner or operator should take the appropriate measures 
to ensure the comparability of data compiled under the  RFI. 

The PARCC parameters are indicators of data quality. Ideally, the end use of 
the measurement data should define the PARCC parameterr necessary to satisfy 
that end use. Ideally, numerical precision, accuracy, and completeness goals should 
be established to aid in selecting measurement methods to be used. However, RFI 
work may not f i t  this ideal situation. RFI sites are tikely to differ substantialty from 
one another, and information on overall measurements (e.g., sampling and 
analysis) may be limited such that it may not be practical to initially set meaningful 
PARCC goals. In such cases, the historical precision and accuracy achieved by 
different sampling and analytical techniques should be reviewed to aid in selecting 
the most appropriate technique. Only those techniques that have been adequately 
evaluated (e.g., precision and accuracy studies), and which therefore have a 
documented history of acceptable performance, should be proposed for use. 
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Precision and accuracy statements and detection limit information for 
analytical methods can be found in the OQO document referenced earlier in this 
seaion, as well as the following reference: a 

U.S. €PA. November, 1986. Test Methods for Evaluatinq Solid Waster. 
EPNSW-846; GPO No. 955-001-00000-1. Office of Solid Waste. Washington, 
D.C. 20460. 

Each of the PARCC parameters should be considered in evaluating sampling 
and analysis options. To the extent possible, they should be defined as goals to be 
achieved by the data collection program. It should be recognized, however, that 
DQOs can be developed for RFI work without strictly defined PARCC goals. 

Whenever measurement data are reviewed, the PARCC parameters should be 
included in the review. Precision and accuracy data may be expressed in several 
ways and are best evaluated by an analytical chemist or a statistician. The data 
reviewer should keep the action levels (health and environmental criteria) and the 
end US8 of the data in mind when reviewing precision and accuracy information. In 
some cases, even data of poor precision and/or accuracy may be useful. For 
example, if all the results are far above an action level, the precision and accuracy 
are less important. However, close to the action level, precision and accuracy are 
much more important and should be carefully reviewed. If results have very good 
precision but poor accuracy, correcting the reported results using the percent 
recovery or percent bias data may be acceptable. 

4.4.2 Sampling Procedures 

lo ensure that sample collection will provide high quality and representative 
data, the owner or operator is advised to carefully seleq appropriate sampling 
procedures that will meet the objectives of the investigation. Some faaon to 
consider in choosing the best sampling methodologies include the following: 

Physical and chemical properties of the medium to be sampled; 

, 
Relative and absolute concentrations of analytes of concern; 

1&$ 8 1  
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0 Relative importance of various acalytes to RFI objectives; 355 

0 Method performance characteristiu; 

0 Potential interferences at  the site; and 

0 Time resolution requirements. 

QNQC procedures relevant to sampling activities should also be formulated 
and followed during any site environmental characterization. These procedures 
should include a description of the techniques to be utilized in performing tasks 
such as well drilling; stratigraphic analysis, meteorological measurements, and 
surface water flow measurements. More information can be found in the 
references identified in Section 4.5, and in the media-specific sections (Seaions 9 
through 13). 

4.4.3 ,3a rnp le C uat od y 

An essential part of any program that requires sampling and analysis is 
ensuring sample integrity from collection to data reporting. This includes the ability 
to trace the possession and handling of samples from collection through analysis 
and final disposition. The documentation of the history of the sample is referred to 
as chain-of-custody. 

Chain-of-custody procedures should identify the components that will be 
utilized for al l  sampling and analysis under the RFI, including a transfer in custody 
and how the chain-of-custody procedures and documents will effectively record 
that transfer. The following sample custody procedures should be addressed: 

(1) Field sampling operations: 

0 Documentation of procedures for preparation of reagents or supplies 
that become an integral part of the sample (e.g., filters and adsorbing 
reagents); 
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Provision of procedures and forms for recording the exact iocation and 
specific considerations associated with sample acquisition; 

Documentation of specific sample preservation methods; 

Provision of pre-prepared sample labels containing al l  information 
necessary for effective sample tracking; and 

Establishment of standardized field tracking reporting forms to establish 
sample custody in the field prior to shipment. . 

(2) Labdratory operations: 

0 

' 0  

0 

4.4.4 

Identification of a responsible party to act as sample custodian a t  the 
laboratory facility authorized to sign for incoming field samples, obtain 
documents of shipment, and verify the data entered onto the sample 
custody records; 

Provision for a laboratory sample custody log consisting of serially 
numbered standard lab-tracking report sheets; and 

Specification of laboratory sample custody procedures for sample 
handling, storage, and dispersement for analysis. 

Calibration Procedures 

Another important consideration in any environmental measurement fs the 
calibration of the measurement system. An improperly. and/or infrequently 
calibrated system may have a serious negative impact on the precision and accuracy 
of the determinations. The result will be erroneous data and the need to repeat the 
measurements. The calibration procedures utilized should therefore be defined. 
Points that should be addressed include: 

0 For each measurement parameter, including a l l  Contaminant 
measurement systems, reference the applicable SOP or provide a written 
description of the calibration procedure(s) to be used; 

4-1 6 



0 

0 

4.4.5 

355 
List the frequency planned for recali bration and/or the criteria utilized to 
dictate the frequency of recalibration; and 

List the calibration standards to be used and their source(s), including 
traceability procedures. 

Analytical Procedures 

The owner or operator should select analytical procedures that will meet the 
objectives of the RFI. Factors to consider in choosing appropriate analytical 
methodo log ies include : 

0 

0 Sample matrix; 

Scope and application of the procedure; 

0 Potential interferences; 

Precision and accuracy pf the methodology; and 

0 Method detection limits. 

€PA-approved methodologies, such as those identified in the 3rd edition of 
Test Methods for Evaluatinq Solid Wastes (EPNSW-846) or equivalent, should be 
utilized when available. 

. For each measurement parameter, including all contaminant measurement 
systems, the owner or. operator should reference the SOP or provide a written 
description of the analytical procedureb) to be used in support of the RFI. If any 
method modifications are anticipated due to the nature of the sample(s) being 
investigated, these modifications should be explicitly defined. 

A n  important factor to consider in any analytical procedure is holding time. 
Samples have a limited shelf life. Analysis should occur within the time specified by 
the method. This is especially important for organic contaminanu. For example, 
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volatile organic compound (VOC) analysis Should occur within 2 weeks of sampling. 
Acceptable sample holding times for all classes of Appendix Vlll constituents are 
discussed in Test Methods for Evaluatinq Solid Waste (EPAISW-846). 

4.4.6 Data Reduction, Validation, and Reporting 

This portion of the QA/QC procedures applies to all measurements performed 
in support of the RFI. The owner or operator should identify t h e  data reduction 
scheme planned for collected data and include all equations and reporting uni ts  . 

used to calculate t h e  concentration or value of the measured parameter. 

Data validation is the process of reviewing data and accepting or rejecting it 
on t h e  basis of sound criteria. Validation methods may differ for various 
measurements but the chosen validation criteria must be appropriate to each type 
of data and the purpose of the measurement. Records of all data should be 
maintained, even those judged to be "outlying" or spurious values. Personnel 
assigned the responsibility of data validation should have sufficient knowledge of 
the particular measurement system to identify questionable values. 

The owner or operator should identify the principal criteria that  will be 
applied to validate data integrity during collection and reporting. In addition, the 
methods that will be utilized to identify and treat outliers should be addressed. The 
validation process should include mechanisms whereby data reduction is verified. In 
t he  case of computerized dafa reduction, this may include subjecting a surrogate 
data set to reduction by the software to ensure tha t  valid results are produced. 

4.4.7 Internal Quality Control Checks 

/' ' 

' \ -l 

Quality control-checks are performed to ensure that t h e  data collected is 
.representative and valid data. Internal QC refen to all data compilation and 
contaminant measurements. Quality control checks are the mechanisms whereby 
the components of QA objectives are monitored. Examples of items to be 
considered are as follows: 

' I  1 
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(I) Field 

a 

a 

0 

0 

0 

0 

Act:vl t I er : 

Use of standardized checkliss and field notebooks; 

Verification of checklist information by an independent penon; 

Strict adherence to chain-of-custody procedures; 

Calibration of field devices; 

Collection of replicate samples; and 

Submission of field blanks, where appropriate. 

(2) Analytical Activities: 

0 

0 

Method blank(s); 

Laboratory control sarnple(s); ' 

Calibration check simple(r); 

Rep1 i cate sa m pl e( s) ; 

Matrix-spiked rample(s); 

"Blind* quality control sarnple(s); 

.Control charts; 

Surrogate samples; 

Zero and span gases; and 

Reagent quality control checks. 

355 
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The Owner or operator should ccnridet those checks that will meet the QA 

objectives of the RFI. In addition, the owner or opsrator should present, in tabular 
format, the frequency with which each control check will be used. 

4.4.8 Performance and Systems Audits 

A systems audit i s  a qualitative evaluation of a l l  components of the 
measurement systems to determine their proper selection and use. This audit 
includes a careful review of al l  data-gathering activities and their attendant QC 
procedures. Systems audits are normally performed before or shortly after systems 
are operational. However, such audits should be performed a t  sufficiently regular 
intervals during the lifetime of the RFI or continuing operation. Systems audits 
should be conducted by an individual who is technically knowledgeable about the 
operation(,) under review and who is independent of any other contribution to the 
RFI. The primary objective of the systems audit is  to ensure that the Q N Q C  
procedures are being adhered to. 

After systems are operational and generating data, performance audits are 
conducted periodically to determine the accuracy of the total measurement 
system(s) or component parts thereof. Performance audits are quantitative 
evaluations of ihe measurement system(,). Q N Q C  procedures should inttude a 
schedule for conducting performance audits for each measurement parameter 
where all measurement systems are included. Examples of performance auditing 
mechanisms for analytical activities would be the inclusion of "blind" samples into 
the normal sample flow, an analyst performing the analysis of a sample previously - 

analyzed by another analyst, .and the results of any appropriate interlaboratory 
study samples analyzed during the term of the RFI. Performance audit checks 
relative to data handling operations might be the insertion of erroneous 
parameters into field records. This should trigger the validation procedures by 
entering unreasonable combinations of responses. 

4.4.9 Preventive Maintenance 

Preventive maintenance schedules ensure the maximum amount of active time 
for analytical instrumentation, field devices and instrumentation, and computer 

4-20 



hardware over the course of the RFI program. The fclllowing types of preventive 
maintenance should be considered: 

0 A schedule of important preventive maintenance tasks that must be 
carried out to minimize downtime of all measurement systems; and 

0 A list of any critical spare parts that should be on hand to minimize 
downtime. 

4.4.10 Corrective Action for QNQC Problems 

Corrective actions are those measures taken to rectify a measurement system 
that is out of control. [Note that the term “Corrective Action,“ as used in this 
section, is a common QA/QC term applied to problem-solving activities. It should 
not be confused with the RCRA Corrective Action Program.] Corrective action may 
be initiated by any person performing work in support of the RFI at any time. For 
example, an analyst should be familiar with the precision and accuracy of the 
analysis that is being performed. If the results of the  analysis are not within the  
arkicipated limits, there are appropriate Corrective actions that should be initiated 
by the analyst. There are, however, -other checks within-the measurement system 
that only the person assigned QA/QC responsibilities would be in a suitable position 
to evaluate and take action upon if required. A “blind” sample inserted in t h e  
normal sample flow . .  would be an example of such a check. 

The corrective action procedures to be utilized in the accomplishment of the 
RFI objectives should be contained in the  QNQC procedures and should incfude the 
following elements: 

The predetermined limits for data acceptability beyond which corrective 
.action is required; and 

0 For each measurement system, the identity of the individual responsible 
for initiating the corrective action and also the individual responsible for 
approving the corrective action, if necessary. 
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In addition to routine corrective actions taken by all personnel contributlng to 
the RFI, pecformance and synems audits may result in the necessity of more formal 

corrective action. 

4.4.1 1 Quality Assurance Reports to Management 

Another important aspect of the QA/QC program is the communication 
between the QAQC organization and the management Organization. Regular 
appraisal by management of the quality aspects related to the ongoing RFI data- 
gathering efforts provides the mechanism whereby the established objectives may 
be met. 

QNQC procedures should provide details relating to the schedule, information 
to be provid,ed, and the mechanism for reporting to management. Reports to  
management should include: 

0 

e 

e 

Periodic assessment of measurement data accuracy, precision, and 
completeness; 

Results of performance audits; - 
Results of system audits; 

Significant QNQC problems and recommended solutions; and 

Resolutions of previously stated problem. 

The individual(s) responsible for preparing the periodic reports should be 
identified. These reportr should contain a separate QNQC section that summarizes 
data quality information. 

4.5 Ref erences 

Following is a list of the major references, including €PA 
recommended for use in designing effective QNQC programs for R F k  
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SECTION S 
35s 

DATA MANAGEMENT AND REPORTING 

5.1 Data Management 

Release characterization studies may result in significant amounts of data, 
including results of chemical, physical, or biological analyses. This may involve 
analyses of many constituents, in different media, a t  various sampling locations, 
and a t  different times. Data management procedures should be established to 
effectively process these data such that relevant data descriptions (e.g., sample 
numbers, locations, procedures, methods, and analysts) are readily accessible and 
accurately maintained. 

In order to ensure effective data management, the owner or operator should 
develop and implement a data management plan to document and track 
investigation data and resuits. This plan should address data and report processing 
procedures, project file requirements and all project-related progress reporting 
procedures and documents. The plan should also provide the format(s) to be used 
to present the data, including data reduction. 

0 
Data presentation, reduction and reporting are discussed in Sections 5.2, 5.3, 

and 5.4, respectively. 

5.2 Data Presentation 

RFI data should be arranged and presented in a clear and logical format. 
Tabular, graphical, and other visual displays (e.g., contaminant isopleth maps) are 
essential for organizing and evaluating such data. Tables and graphs are not only 
useful for expressing results, but are also necessary for decision-making during the 
investigation. For example, a display of analytical results for each sampling location 
superimposed on a map of the site is helpful in identifying data gaps and in 
selecting future sampling locations. Graphs of concentrations of individual 
constituents plotted against the distance from the source can help to identify 
patterns, which can be used to design further monitoring efforts. 
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Various tabular and graphic methods are available for data presentation, as 
illustrated in table 5-1. Particular methods most applicable to the RFI may vary with 
the type of unit, the type of data, the medium under consideratlon; and other 
factors. The owner or operator should propose methods in the RF! Work Plan tha t  
best illustrate the patterns in the data. 

a 

Often, certain types of data, such as stratigraphy and sampling location 
coordinates, are more effectively displayed in graphic form. Such data may be 
presented in tabular form but should also be transformed into graphic 
presentations. For example, stratigraphy might be effectively illustrated on a two- 

. dimensional (or possibly three-dimensional) cross-sectional map. Three- 
dimensional data presentation i s  particularly relevant t o  the RFI, as three- 
dimensional characterization is generally required to adequately characterize the 
nature, extent, and rate of release migration. 

Sampling locations may be effectively illustrated on a topographic map, as 
shown in Figure 5-1. Topographic maps and the regulatory requirements for tHeir 
preparation (40 CFR Part  270.14(b))'are also discussed in Appendix A. Table 5-2 
provides some useful data presentation methods. in addition, many of the Case 
Studies presented in Volume IV illurtrate effective data presentation techniques. 
Case Study No. 6 is of particular relevance to data presentation techniques. Specific 
data presentation techniques are discussed below. 

-52.1 Tables 

Tabular presentations of both raw and sorted data are useful means of data 
presentation. These are discussed below. 

5.2.1.1 Listed (Raw) Oata 

Simple lists of data alone are not adequate to illustrate trends or patterns 
resulting from a contaminant release. However, such l i ss  serve as a good starting 
point for other presentation formats. These lists are also valuable for sample 
validation and auditing. Therefore, such lists are highly recommended for reporting 
results during the RFI. Each data record should provide the following Information: 

- I  . -  
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355 

USES OF TABLES AND GRAPHICS IN AN R f l  

Tabular Displays 

1. Display site information and measurements - Water table elevations - Sampling location coordinates - Precipitation and temperature data - Lists of site fauna and flora 

2. Display analytical data - 
- - - 

List of constituents of concern and other monitoring parameters 
with associated analytical measurements 
Display sorted results (e.g., by medium, sampling date, soil type) 
Compare study and background area data 
Report input data, boundary conditions, and output values from 
mathematical modeling 

Graph IC Disp I avs 

1. Display site features - 
- - Boundaries of sampling area - 
- 
- Ground-water flow net - - Features affecting inter-media transport 

Layout and topography (equivalent to the required RCRA permit 
application map) 
Sampling locations and sampling grids 

Stratigraphy and water table elevations (profile, transect, or fence 
diag ram) 
Potentiometric contour map of ground water 

Population plot and/or local residential map 

2. Illustrate the extent of contamination - - - Vertical distribution of contaminant($) - 
Geographical (areal) extent of contamination 

Contamination values, averages, or maxima a t  sampling locations 

3. Demonstrate patterns and trends in the data - Change in concentration with distance from the source . - - Change in concentration with time 
Display estimates of future contaminant transport derived from 
modeling 

5-3 



U .- z a 
2 

a 
m 
0 
0 
I- 
C 

E a 
F 
b 

. .  



J 

Table 5-2 

Useful Oata Presentation Methods 
355 

Tables 

Unsorted (raw) data 

Sorted tables 

Graphic Formats and Other Visual Displays 

Bat graphs 

Line graphs 

Area or plan Maps 

Isopleth (contour) plots 

Ground-water flow nets 

- Cross-sectional plots, transects, or fence diagrams 

Three-dimensional graphs 
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0 

0 

0 

0 

0 

0 

0 

Unique sample code; 

Sampling location and sample type; 

Sampling date; 

Laboratory analysis identification number; 

Property or component measured; 

Result of analysis (e.g., concentration); 

Detection limits; and 

Reporting units. 

Analytical data will generally be reduced at the laboratory before they are 
reported (Le., the owner or operator does not have to report instrument readings or 
intermediate calculations, although this information should be maintained for 
ready access-if needed). The owner or operator should report all data to the 
regulatory agency, including suspected outliers or samples contaminated due to 
improper collection, preservation, or storage procedures. The rejected data should 
be marked as such in the data tables, and explanations of rejected data should be 
presented in footnotes. 

In addition to analytical data, the owner or operator may be required to  
provide sampling logs for all samples obtained during'the investigation. Sampling 
logs are records of procedures used in taking environmental samples, and of 
conditions prevailing a t  the site during sampling. Information in the log should 
include: 

. 

0 

0 

0 

Name and address of sampler; 

Purpose of sampling; 

Date and time of sampling; 
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0 Sample type (e.g., soil) and suspected contaminants; 

0 Sampling location, description, and grid coordinates (including photos); 

0 Sampling method, sample containers, and preservation (if any); 

0 Sample weight or volume; 

0 Number of samples taken; 

0 Sample identification number(s); 

Amount purged (for ground water); 

Field observations; 

0 

Weather conditions; and 

Field measurements made (e.g., pH, temperature); 

. 

The owner or operator should also describe any unusual conditions 
encountered during sampling (e.g., difficulties with the sampling equipment, post- 
sampling contamination, or loss of samples). 

Name and signature of person responsible for observation. 

5.2.1.2 Sorted Summary Tables 

Presentation of results grouped according to data categories is one of the 
simplest formats used to display trends or patterns in data. Examples of categories 
of data include medium tested, sampiing date, sampling location, and constituent 
or property measured. Table 5-3 shows an example of a sorted table; data are 
sorted by medium (ground water), sampling date, and constituent measured. 
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TABLE 5-3 

SORTED OATA 

L 

C o k e  ntr atio n ( vgI\) 

Sample 

Number 
Date Id en t if i cat i o n M ~ ~ l h o y r l ~ ~ e  Ace t o n e T r i ch I 0 10 et h Y lene e ze e 

w 

(Concentration of Volatile Or 
Compounds in Monitorrng 

' I 13/02 MW-32- 1 13A 

2112/a2 MW-32-2lI2A 

20 30 

<IO 
20 

20 120 
I 220 NA - 

1 40 20 
10 

<IO 
4 

A 

NA - Not analyzed. 

r ~ 2 4 1 8 2  ~W-32-4124A L 

. 
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In Table 5-4, the data are sorted by medium, location, depth, and constituent 

analyzed. Inclusion of the sample identification number allows the reader to cross- 
reference the data and look up any information not listed in the table. 

Preparation of data summary tables can be simplified by use of a computer 
spreadsheet program. These programs can perform sorting operations, perform 
simple calculations with the data, and display results in a number of tabular and 
graphical formats. 

s.2.2 Graphic Presentation of Data 

The graphic methods of data presentation will often illustrate trends and 
patterns better than tables. Some graphic formats useful for environmental data 
include bar graphs, line graphs, areal maps, and isopleth-plots. These. graphic 
methods of data presentation are discussed below. 

5.2.2.1 Bar Graphs and Line Graphs . 
Bar graphs and line graphs may be used to display changes in contaminant 

concentrations with time, distance from a source, or other variables. For example, 
Figure 5-2 compares two methods of displaying changes in concentrations over 
distance. Bar graphs are generally preferable to line graphs in instances where 
there is not enough information to assume continuity between data points. 
However, line graphs generally can display more information in a single graph. 

Attention to the following principles of graphing should provide clear and 
effective line and bar graphs: 

Do not crowd data onto a graph. Plots with more than three or four lines 
or bar subdivisions become confusing. Different symbols or texture9 
should be used to distinguish each line or bar; 

a Choose the scale of the x and y axes so that data are spread out over the 
full range of the graph. If one or two data points are far outside the 
range of the rest of the data, a broken line or bar may be used to  indicate 

5-9 
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TABLE 5-4 

SOIL ANALYSES: SAMPLING DATE 4/26i85 

. 
Sample Identification, Location, and Depth 

Sample ‘0 Location Depth Lead Arsenic Chromium 

Concentration (mg/kg) 

Number 
58-1 ’ Noflagoon su dace 240 5 s  1,200 

40 .15 220 58-2 N of lagoon 6 inches 
58-3 N of lagoon 18 inches 15 15 36 

58-4 SE corner surface 360 04 5,300 

430 58-5 SE corner 6 inches 170 . 29 
<1.0 47 58-6 SE corner 18 inches 22 - 

. .  
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METALS IN M V E R  SEDIMENTS: LINE GRAPH 

10- 
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MmALS IN RIVER. SEDIMENTS: EAR OAAPH 
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Figure 5-2. Comparison of line and bar graphs 
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a discontinuous scale. If the  data range exceeds two orders 
magnitude, t h e  owner or operator may choose to plot the logarithms 
the data; 

of 
of e 

0 

0 

5.2.2.2 

The x and y axes of the  plot should be clearly labeled with the parameter 
measured and the units of measurement; and 

The x axis generally represents the independent variable and t h e  y axis 
t h e  dependent variable. 

Area or Plan Views (Maps) 

The distribution of .hazardous constituents at  a site may be representee 
superimposing Contaminant concentrations over a map of the site. Distribut. - 
may be shown by listing individual measurements, or by contour plots of the 
contaminant concentrations. Individual techniques are discussed below: 

Contamination shown a t  discrete points--In this format, no assumptions are 
made concerning contamination outside the immediate sampling area. . for  
example, in Figure 5-3, soil phenol concentrations are. shown by the height of the 
vertical bar at each sampling site. Soil samples indicated on this map were taken. 
from approximately the same depths. Note that one bar is discontinuous SO as to 
bring the lower values to a height that can be seen on t h e  graph. Other possible 
representations of the same information could use symbols of different shapes, 
sizes, or colon to represent ranges of concentration. For example, a triangle might 
represent 0 to 10 ppm; a circle-10 to 100 pprn, etc. 

. 

Display of averaqe concentrations--Shadings or textures can be used to 
represent average contamination concentrations within smaller areas at  a site. 
Shading represents estimated areas of similar concentration only and should not be  
interpreted as implying concentration gradients between adjacent points. 

Contaminant isopleth maps--Lines of equal concentration are called isopleths. 
Construction of a contaminant isopleth map generally requires a relatively large 
number of sampling locations spaced regularly across the study area. A n  isopleth 
map is prepared by marking the site map with the concentrations detected a t  each 
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n". cr; $* 
' sampling location. Lines are drawn to connect data points o f  the same 

concentration, similar to contours of elevation, as shown in Figure 5-4. Figure 5-5 
demonstratel the use of an isopleth plot to Show the distribution of an air release. a 
5.2.2.3 Isopach Maps 

A technique that is useful for displaying certain types of geological data is the 
isopach map. Isopachs are contour maps in which each line represents a unit Of 

thickness of a geologic material (e.g., the soil layer) as shown in Figure 5-6. This 
format would be useful if, for example, oil is known to be contained within a highly 
permeable sand layer of varying thickness, confined between low-permeability c ! ~ . ;  
layers. The isopach map displays thickness only and does not provide information 
on absolute depth or slope. 

5.2.2.4 Venical Profiles or Cross-Sections 
J 

Vertical profiles are especially useful for displaying the distribution of a 
contaminant release in al l  media. For soil and ground water, the usual approach is 
to select several soil cores (or monitoring wells) that lie in approximately a straight 
line through the center of the contaminant release. This cross-section represents a 
transect of the site. A diagram of the soil (or ground water) profile should be 
prepared along the length of the transect, displaying subsurface stratigraphy, 
location of the waste source, and the location and depth of boreholes, as shown in 
Figure 5-7. Concentrations may also be  indicated on the plot as discrete 
measurements or isopleths and may be drawn as in Figure 5-8. Figure 5-9 presents a 
plan view of Figure 5-7, showing the offset in cross-section. If the sampling points 
do not fall in a straight line, an alternate display called a fence diagram can be used. 
Figure 5-10 show a fence diagram of subsurface stratigraphy, which also includes 
analytical data. 

a 

To characterize the three-dimensional distribution of a subsurface 
contaminant release, the owner or operator will generally need to prepare several 
transects crossing the plume in different directions. 
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Figure 5-5. Isopleth Map of Diphenylamine Concentrations in Ambient Air in the 
vicinity of a SWMU. 
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Figure 5-9. Plan V.iew of Figure 5-7 Showing Offrets in Cross Section 
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5.2.2.5 Three-Dimensional Data Plots 

Computer graphics packages are available from several commsrcial suppiiers 
to produce three-dimensional data plots. A common use of this technique is to 
represent contaminant concentrations across the study area as a three-dimensional 
surface, as shown in Figure 5-1 1. The information provided by this approach does 
not differ greatly from that of Figure 5-4. The primary difference is that the 
smoothing of the concentration dissimilarities between adjacent sampling locations 
in Figure 5-1 1 makes panerns in the data easier to visualize. Precise concentrations, 
however, cannot be displayed in this format because the apparent heights of the 
contours change as the figure IS rotated. 

5.3 Data Reduction 

Data should be reported according to accepted practices of QA and data 
validation. A l l  data should be reponed. Considerations, however, include 
treatment of replicate measurement3, identification of outlier valuer, and reporting 
of results determined to be below detection limits. 

.a 5.3.1 Treatment of Replicates 

Replicate measurements of a single sample should be averaged prior t o  
further data reduction.. For example, Table 5-5 shows how to calculate an overall 
mean when replicate analyses for a single sample have been performed. The three 
"8" values are averaged before the mean is calculated. This removes bias from the 
overall mean. The number of analyses is indicated by 'n". 

5.3.2 Reporting of Outliers 

Any program of environmental measurement can produce numbers that lie 
outside the "expected" range of values. Because field variability ,of environmental 
measurements can be great, deciding whether an extreme (outlier) value is 
representative of actual contaminant levels may be difficult. Outlier values may be 
the result of: 

* A catastrophic unnatural (but real) occurrence such as a spill; 
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TABLE 5-5 

CACCUUTION OF MEAN VALUES FOR REPLICATES 

Raw Data Data Summary 

Sample Concentration Sample Concentration n 1 

8 8 1.8 1 
8 2.0 ’ C 7.6 1 

8 1.6 0 6.3 

A 4.3 A 4.3 3 

1.8 
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0 Inconsistent sampling or analytical :hemistry methodology; 355 

0 Erron in the transcription of data values or decimal points; and 

0 True but extreme concentration measurements. 

The owner or operator should attempt to correct outlying values if the cause 
of the problem can be documented. The data should be corrected, for example, if 
outliers are caused by incorrect transcription and the correct values can be obtained 
and documented from valid records. Also, if a catastrophic event or a problem in 
methodology occurred that can be documented, data valuer should be reported 

. with clear reference. Documentatton and validation of the cause of outliers must  
accompany any attempt to correct or delete data values, because true but extreme 
values must not be altered. Statistical methods for identifying outlien require that 
the analytical laboratory have an ongoing program of QA, and that sufficient 
replicate samples be analyzed to account for field variability. 

Outlier values should not be omitted from the raw data reported to the 
regulatory agency; however, these values should be identified within the summary 
tables. 

5.3.3 Reporting of Values Below Detection Limits 

Analytical values determined to be a t  or below the detection limit should be 
reported numerically (e.g., ~ 0 . 1  mg/l). The data presentation procedures should 
cite analytical methods used including appropriate detection limits. 

5.4 Reporting 

As indicated in Section 3.7, the owner or operator should respond to  
emergency situations and identify to the regulatory agency priority situations that 
may require interim corrective measures. Such reporting should be done 
immediately. In addition, results of various activities conducted during the RFI 
should be reported to the regulatory agency, as required in the compliance order or 
by the permit conditions. 
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Various reports may be required. These may include interim, draft, and final 
repom. In addi?ion, periodic progress reports (e.g., bimonthly) may also be 
required. Progrew repom should generally include the following information: 

0 

0 

0 

0 

0 

0 

a 

0 

0 

A description and estimate of the percentage of the RFI completed; 

Summaries of all findings; 

Summaries and rationale for al l  changes made in the RfI Work Plan 
during the reporting period; 

Summaries of all contacts with representatives of the local community, 
public interest groups, or government representatives during the 
reporting period; 

Summaries of all problems or potential problems encountered during the 
reporting period; 

Actions being taken to rectify problems; 

Changes in personnel during the reporting period; 

Projected work for the next reporting period; and 

Copies of daily reports, inspection reports, laboratory/monitoring data, 
etc. 

Reports, including interim, progress, draft, and final reports may-also be 
required for specific activities that may be performed during an RFI.. Examples of 
specific reports or components that may be required include: 

0 RFI Work Plan; 

Description of Current Situation; 

Geophysical Techniques; 
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0 Waste and Unit Characterlzatlon; 

0 Environmental Setting Characterization; 

0 Selection of Monitoring Constituent9lndicator Parameters; 

0 Results of "Phases" of the Investigation; 

0 QNQC results; 

Interim Corrective Measures; and 

Identifieation of Potential Receptors. 

355 

In addition, a draft and final RFI report that incorporates the results of all 
previous repom will generally be required. This report should be comprehensive 
and should be sufficiently detailed to allow decisions to be made by the regulatory 

. agency regarding the  need for interim corrective measures and/or a CMS. It should 
be noted that these decisions may also be made by the regulatoq agency on the 
basis of results of progress reports andlor other reports as described above. 
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SECTION 6 

HEALTH AND SAFETY 

6.1 Overview 

Protecting the health and safety of the investigative team, as well as of the 
general public, is a major concern during hazardous waste RFls. Hazards to which 
investigators may be exposed include known and suspected chemical substances, 
heat stress, physical stress, biological agents, equipment-related injuries, fire, and 
explosion. Many of these hazards are encountered in any type of field study, but 
exposure to chemical hazards is a'major concern for the investigative team a t  
hazardous waste facilities. 

. 

In addition to the protection of team members, the public's health and safety 
should also be considered. RFls may attract the attention and presence of the news 
media, public offiGals, and the general public. Not only is the safety of these 
observers a concern, but their actions should not hinder the operations a%d safety 
of the investigative team, Other public health concerns include risks to the 
surrounding community from unanticipated chemical releases, and events such as 
fires and explosions. 

The facility owner or operator should develop and update as necessary health 
and safety plans and procedures to address the needs of the RFI. The health and 
safety plan should, in particular, establish requirements for protecting the health 
and safety of the investigative team, facility workers, and the general public 
throughout the investigation. , - 

. 

. Health and safety plans should be reviewed and approved by qualified (via 
education and work experience) safety and health professionals. While professional 
certifications such as Certified Industrial Hygienists or Certified Safety Professionals 
are highly regarded, such certifications are not required under the OSHA standard 
for plan review/approval, nor do they inherently guarantee proficiency in 
hazardous materials operations. In addition, health and safety plans should be 
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discu&hftAoroug hly with the investigative team prior to initiating fieid activities. 
Other appropriate parties (e.g., local emergency services) should also be involved, as 
necessary. 

Compliance with health and safety regulatory requirements is the ultimate 
responsibility of the employer, who, for purposes of the RFI, is the facility owner or 
operator. Development and implementation of health and safety procedures is 
therefore the responsibility of the owner or operator. Although these procedures 
may be presented as part of the RFI Work Plan and reviewed by the regulatory 
agency, ultimate responsibility and liability rest with the owner or operator. 
Section 6.2 presents general health and safety regulations and guidance that should 
be reviewed prior to developing health and safety procedures, Section 6.3 outlines 
basic elements of health and safety procedures which should be addressed, and 
Section 6.4 reviews application of zones of operation or work zones. 

6.2 Applicable Health and Safety Regulations and Guidance 

On December 19, 1986, the Occupational Safety and Health Administration 
(OSHA) issued, in the Federal Register (29 CFR 1910.120), an interim final rule on 
hazardous waste site operations and emergency response, which specifically 
requires certain minimum standards concerning health and safety for anyone 
performing activities a t  CERCLA sites, RCRA sites, emergency response operations, 
sites designated for remediation by a state or local agency, or any other operation 
where employees' operations involve dealing with hazardous waste. The following 
discussion provides details on the major requirements of the interim final rule. 

Development and implementation of a safety and'health proqram: 

The development and implementation of a formal, written safety and health 
program has long been recognized as a foundation for successful occupational risk 
minimization. In recent years, this recognition has been receiving increased 
emphasis from the Occupational Safety and Health Administration (OSHA). For 
example, as stated in the July 15, 1988 Federal Register (53 FR 26791): 

. . . OSHA has become increasingly convinced of the relationship between 
superior management of safety and health programs - which address a l l  safety 
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and health hazsrds, whether or not covered by OSHA standards - and low 
incidence and severity of employee injuries. 

AS a result, OSHA has intensified its focus on management practices in i t s  
evaluation of workplaces. One primary area of this focus has been on documented 
safety and health programs. This increased emphasis is evidenced in several other 
OSHA standards that have been promulgated (e.g., Respiratory Protection - 29 CFR 
1910.134, Occupational Noise Exposure - 29 CFR 1910.95, Hazard Communication - 
29 CFR 1910.1200, and Subpart C of the Construction Industry Standards - 29 CFR 
1926). 

In addition to these individual subject area requirements, OSHA has released 
for comment and information a proposed rule on General Safety and Health 
Programs (previously-referenced Federal Register - 53 FR 26791). In that proposal, 
suggested guidelines for establishing and implementing new safety and health 
programs - or evaluating/modifying existing programs - are provided. The proposed 
rule advises employers to "institute and maintain ... a program which provides 
policies, procedures and practices that are adequate to recognize and protect their 
employees from occupational safety and health hazards." 

Specific elements of the program proposed by OSHA are addressed under four 
subject headings. These headings include management commitment, worksite 
analysis, hazard prevention and control, and safety and health training. 

0 

It is of no small consequence that management commitment i s  the first issue 
addressed in this proposed rule. A strong commitment from top management 
representatives is critical to the success of any program. Additionally, this 
commitment needs to be highly visible to employees. Clear program goals and 
objectives need to  be specified, as well as identification and assignation of  

.appropriate levels of authority, responsibility and accountability. Finalty, a t  least 
annual program reviews and evaluations are necessary to identify the effectiveness 
of the program, and incorporate any necessary program modifications. 

The second program area recommended for inclusion is worksite analysis. The 
intent of this part of the program is to identify methods and practices to be utilized 
for recognizing potential hazards. Examples of methods that can be used to achieve 
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these objectives include: periodic, comprehensive worksite surveys; analysis of new 

processes, materials and equipment; and performance of routine job or phase 
hazard analyses. Other recommended methods include the conduct of regular site 
inspections, and accident (or near-accident) investigations. 

The third program area addresses hazard prevention and control. These 
efforts should include identifying appropriate engineering, administrative, and/or 
personnel protective equipment and hazard controls. Additionally, emergency 
preparedness and a medical program should be elements of this portion o f  the 
overall program. 

The final topic identified in the proposed rule addresses safety and health 
training. Employee education and training needs should be provided so t h a t  
employees are fully aware and capable of handling potential hazards in the 
performance of their work. Additionally, safety and health training of supervisors 
and managers needs to be addressed and performed to ensure that they are aware 
of their responsibilities in regard to health and safety. 

To summarize, a written, comprehensive health and safety program, that has 
visible top-management support, is an important.e*lement of a safe and healthful 
work environment. However, the written program itself must 'be effectively 
implemented, periodically evaluated - and modified as. necessary, in order to  
achieve i ts objectives. 

Performance of site characterization and analysis: 

In addition to the general items of worksite analysis identified above, specific 
requirements for this type of analysis are presented under OSHA regulation 29 CFR 
1910.120. Performance of site characterization and analysis is specifically addressed 
in paragraph (c).of this regulation. 

A site characterization and analysis addressing each site task and operation 
planned to be performed needs to be conducted. This effort generally proceeds in 
three phases. Initially (prior to any actual site entry), a data-gathering phase is 
performed to collect any relevant information that may identify potential site - 

1 hazards. This activi ty may include such items as obtaining shipping/disposal 
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manifests or other such records, including newspaper/media reports, and 
interviewing persons with potential knowledge of past operations (e.g., previous 
employees, nearby residents). This initial phase may also consist of the conduct of 
an offsite reconnaissance (e.g., around the perimeter of the s i te ) ,  and 
characterization based on al l  of the collected data. The second phase of this process 
is the conduct of an onsite survey. Finally, the third phase involves site entry, with a 
continuance of monitoring efforts to provide current information for evaluating 
potential site hazards. 

In view of this phased approach, it is clearly intended that site characterization 
and analysis is a continuous process. It i s  initiated prior to any actual onsite 
involvement, and continues throughout the performance of onsite activities. . 

Development and implementation of a site control proqram: 

Site control e!ements need to be established to minimize potential for 
employee contact with contamination, and the transfer of contaminants into non- 
contaminated areas. These program elements need to be clearly defined in the 
employer's site safety and health plan, As stated in the preamble of the rule 
establishing 29 CFR 1910.120, (December 19, 1986 Federal Register), the 
establishment of a rite control program should be performed "in the planning 
stages of a project and modified based on new information and site assessments 
developed during site characterization." The preamble further states that the 
"appropriate sequence for implementing these measures should be determined on 
a site-specific basis." 

. 

The primary intent of this requirement is that the site control program must be 
addressed on a site-specific basis. However, employers should develop a general 
program that identifies minimum performance requirements in order to establish 
overall uniformity for all projects. For each specific project, the OSHA regulations 
specify that the site control program include - a t  a minimum - the following: 

. 

0 A map of the site; 

0 Designation of site work zones; 
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The practice of using what the regulation refers to as a "buddy system" 
(defined as a "system of organizing employees into work groups in such 
a manner that each employee of the group is designated to observe the 
activities of a t  least one other employee in the work group. The purpose 
of the buddy system is to provide quick assistance to those other 
employees in the event of an emergency."); 

Establishment and maintenance of site communications; 

Establishment and implementation of  s i te standard operating 
procedures or safe work practices; and 

Identifying the nearest medical facility that would be contacted in the . 

event of a site incident resulting in a need for such services. 

Compliance with employee traininq requirements (specified in paraqraph (e) of the 
standard) and the development and implementation of an employee traininq 
proqram : 

An employee training program must be developed and implemented, meeting 
(at a minimum) the training requirements specified in paragraph (e) of the  
hazardous waste regulation. The program must inclyde provisions for both initial 
and refresher training of employees on matters of health and safety. Al l  involved 
employees must receive effective training prior to performing any operations that 
could result in their exposure to potential safety and health hazards. 

The training requirements specified in this regulation are categorized into 
several subject areas. While the majority of the requirements address CERCLA 
(Superfund)-related operations, RCRA-related projects and emergency response 
operations, general training requirements are also specified. The intention of this 
categorization is to recognize that varying degrees of risk potential exit, thereby 
requiring different types of health and safety training. 

Additionally, for CERCLA-type operations, the program must be further 
subdivided to address health and safety training program elements for employees 
''dl'bksite management and supervisors. All individuals must receive introductory 
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training (40 hours in duration) prior to their initiai assignment. This is  to be 
supplemented by &hours of annual refresher training, and the conduct of site- 
specific training for each assignment. Onsite managers and supervisors who will be 
assigned responsibility for direct, onsite supervision, must receive an additional 8- 
hours of specialized training for operations management upon job assignment. 

Employees involved in normal RCRA operations are required to receive a lesser 
amount of initial training (24-hours) and &hours of annual refresher training. 
These requirements are applicable for employees who will be involved in hazardous 
waste operations involving storage, disposal and treatment. However, major 
corrective actions under RCRA would need to be addressed in a manner similar to 
the previously - identified CERCLA training requirements. 

The final category specifying employee training requirements addresses 
individuals who participate in (offsite) emergency response operations (e.g., 
HAZMAP team personnel). Any employees involved in such operations are required 
to receive a t  least 24 hours of training annually. 

The development and implementation of an employee training program must 
be initiated-by first identifying which of the requirements are applikable, and 
identifying the employees who need to be included. The overall program also 
needs to address other types of required employee health and safety training 
applicable to the work site(s) and job tasks. Examples of other types of required 
training may include: - 

0 Hazard Communication Training (29 CFR 1910.1200); 

Hearing Conservation Training (29 CFR 1910.95); 0 

0 Respiratory Protection Training (29 CFR 1910.134); and 

0 Others-based on types of equipment, processes, etc. 

After all training needs have been identified and the program has been 
developed and implemented, it must be periodically reviewed and evaluated to 
determine its effectiveness, with appropriate modifications made where necessarv. 

$J 
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Finally, appropriate records of employee training myst be maintained to satisfy 
applicable recordkeeping requirements. 

Development and implementation of a medical surveillance proqram: 

A comprehensive medical surveillance program must be established for 
employees engaged in hazardous waste operations. Employees who have been, or 
are expected to be, exposed to hazardous substances or health hazards must be 
participants in such a program. Therefore, one of the first tasks in program 
development should be to define how many (and which) employees need to be 
covered. 

A second critical element in the development of the program is the selection 
of a physician (or physicians) who will be utilized to perform the examinations. The 
selected physician must be licensed, should be knowledgeable in occupational 
medicine, and familiar with the nature of the work tasks that the employees that 
heishe will be examining will be performing. 

The program needs to provide examinations to employees prior to their first 
hitardous materials job assignment, a t  least once every twelve months following 
the initial examination, upon job termination or reassignment, as soon as possible 
for any employee demonstrating symptoms of overexposure to  hazardous 
substances, and a t  more frequent times - as determined to be necessary by the 
examining physician. 

- 

The extent of the examination is a t  the discretion of the examining physician. 
However, in order for the physician to appropriately determine the necessary 
parameters, protocols, tests, etc., he/she must be made very familiar with the nature 
of the patient's job duties. Therefore, the regulation requires that the physician be 
provided with a copy of the standard-in i ts  entirety, a description of the employee's 
duties relative to potential exposures, a description of known or anticipated 
exposure levels that have been - or may be - encountered by the employee, a 
description of personal protective equipment that the employee has used or may 
use, and the employee's previous medical history. 

a 
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The established medical program should be developed to address medical 

concerns specified by other regulations as well as hazardous waste operations (e.g., 
respiratory protection usage, audiometry, asbestos exposures, and other applicable 
regulations). Therefore, it should have a mechanism incorporated to provide for 
periodic program review and evaluation to determine effectiveness, an.d the need 
for modification as deemed necessary. Finally, medical surveillance recordkeeping 
must be performed and maintained in accordance with OSHA 29 CFR 1910.20. 

Incorporation of enqineerinq controls, administrative controls, and the 
development and implementation of a personal protective equipment proqram: 

To protect employees from potential hazards that may be encountered in 
hazardous materials operations (e.g., chemical, physical, biological hazards), 
employers are required to implement appropriate control efforts. In order of 
preference, such approaches are to employ engineering and administrative controls 
where feasible, and (as a last resort), personal protective equipment. However, 
these control efforts are not mutually-exclusive. The regulation provides for the 
employer to utilize appropriate combinations of these three types of controls in 
protecting his/her employees. However, where items of personal protective 
equipment (PPE) are used, a PPE program must be developed and implemented. 

In the developmental stages of the program, the employer must define the 
types of PPE that will or may be necessary for employee usage. Examples include 
respiratory protection (with considerations given to the types necessary - e.g., air- 
supplied vf airipurifying, half-face masks, full facemasks, etc.), hearing protection, 
head protection, foot protection, dermal protection, eyelface protection, etc. Many 
of these types of PPE are’ regulated under specific OSHA standards. Therefore, upon 
identification of the types of PPE to be used, the regulations must be consulted in 
developing and implementing the program to ensure overall compliance and 
program adequacy. 

. 

The program must also provide for proper selection of equipment on the basis 
of the known or suspected hazards to be encountered, proper maintenance, 
cleaning, servicing, storage of equipment, and, proper training of employees in the 
correct use and recognition of the limitations of the selected equipment. As with 
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other programs, provisions for review and evaluation for effectiveness must be 
incorporated, enabling necessary modifications to be made. 

Development and implementation of an air monitorina proqram: 

The establishment of an air monitoring program is essential. The purpose of 
the program is to gain accurate information on employee exposures in order to 
implement the correct PPE, engineering controls, and work practices. Airborne 

contaminants can present a significant threat to employee safety and health. Thus, 
identification and quantification of these contaminants through air monitoring is 
an essential component of a safety and health program. . 

The intent of this requirement is that the air monitoring program be 
addressed on a site-specific basis. After the site characterization and analysis phase 
has been completed, personnel should be cognizant of possible contaminants on 
each specific site. With this information, proper air sampling and analytical 
methods can be chosen. 

/ 

Reliable measurements of airborne contaminants are useful in selecting 
. proper personal protective equipment, determining whether engineering controls 

can achieve permissible exposure limits and which controls to  use. Also, this 
information is used in delineating areas where protection is needed and in assessing 
potential health effects of exposure. Knowledge of potential health effects will 

further aid in determining the need for specific medical monitoring. 

In view of this approach, air monitoring is a continuous process. It should be 
initiated prior to any actual onsite involvement, and should continue throughout 
the performance of onsite activities. 

The developed program needs to contain elements identifying the types of 
monitoring equipment available for employee use, proper selection, maintenance 
and calibration procedures, employee training, and provisions for equipment 
cleaning and storage. 

6-10 



355 
- 

Development and implementation of an emplovee informational proqram: 

The Occupational Safety and Health Administration is requiring under 29 CFR 
1910.120, that employers, as part of their safety and health program, develop and 
implement a site-specific health and safety plan (HASP) for each hazardous waste 
site operation. 

The site health and safety plan must be developed by the employer, utilizing 
the other parts of the organizational plan and the employer's safety and health 
program. The HASP must address the anticipated health and safety hazards 
associated with each work operation or task, and the means to  eliminate the 
hazards or to effectively control them to prevent injury or illness. 

. 

The minimum requirements that a HASP must include is the foilowing: 

e 

e 

e 

0 

0 

0 

e 

The names of those responsible for assuring that safe and healthful 
practices and procedures are followed throughout all work operations; 

Risk analysis or systems analysis for specific work tasks or operations on 
the site; 

Employee training assignments both offsite and on-the-job training 
onsite; 

A l ist of personal protective equipment needed for each work task and 
operation onsite; 

The employers medical surveillance program for the site; 

The methods for identification and Characterization of safety and health 
hazards on the site including the air monitoring procedures that will be 
performed throughout the work onsite; 

Site control measures including those for establishing work zones on the 
site; 
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e 

e 

0 

0 

The necessary decontamination procedures which are matched to the 
kinds of anticipated contaminants to be cleaned from personnel and 
equipment; 

The general safe work practices to be adhered to by personnel onsite; 

The contingency plan for emergencies and confined space entry 
procedures; 

Site-specific training and site inspections and procedures to be followed 
in changing or modifying the plan; and 

All  emergency numbers of local authorities (e.g., ambulance, police), as 
well as directions to the nearest hospital and a map to the hospital. 

AS a separate section, an emergency response plan must also be included. This 
plan is discussed in greater detail in a latter section of this subsection of the 
guidance document. 

Adherence to proper procedures for handlinq drums and containers: 

The handling of drums and containers a t  hazardous waste sites poses one of 
the greatest dangers to hazardous waste site employees. Hazards include 
detonation, fire, explosion, vapor generation, and physical injury resulting from 
moving heavy containers by hand and working in the proximity of stacked drums, 
heavy equipment and deteriorated drums. The employer must implement 
procedures and provide proper work practices in order to minimize the risks to site 
personnel. 

The appropriate procedures for handling drums depend primarily upon the 
drum contents. Thus, prior to handling, drums should be visually inspected to gain 
as much information as possible about their contents. The inspection crew should 
look for symbols, words, or other marks on the drum indicating that i t s  contents are 
hazardous, e.g., radioactive, explosive, corrosive, toxic and/or flammable. The crew 
shauld also look for signs of deterioration (such as rust, corrosion, and leaks), and 
whetner the drum is under pressure. 

% 5  
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Conditions in the immediate vicinity o f  the drums may also provide 

information about drum contents and their associated hazards. Monitoring should 
be conducted in the area around the drums using instruments such as a radiation 
survey meter, organic vapor monitors, and combustible gas indicators. 

As a precautionary measure, personnel should assume that unlabeled drums 
contain hazardous materials until their contents are characterized. Also, they 
should bear in mind that drums are frequently mislabeled - garticularly drums that 
are reused. 

' Employers must ensure that any personnel involved with handling drums are 
aware of all pertinent regulations. OSHA regulations (29 CFR P a m  1910 and 1926) 
include general requirements and standards for storing, containing, and handling 
chemicals and containers, and for maintaining equipment used for handling drums 
and containers. €PA regulations (40 CFR Part 265) stipulate requirements for types 
of containers, maintenance of containers, and design and maintenance of storage 
areas. DOT regulations (49 CFR Parts 171 through 178) also stipulate requirements 
for containers and procedures for shipment of hazardous wastes. 

Development and implementation of a decontamination procedure: 

Decontamination procedures must be developed on a site- and/or task-specific 
basis, and be implemented prior to performing any site entrance activities. These 
methods must be specifically matched to the hazardous substance($) of concern a t  
the site in order to be effective. Procedures for both personnel and equipment 
decontamination must be developed and implemented in order to minimize 
potential for: 

0 Employee exposure to substances of concern; 

0 Transferring contaminants offsite or to previously non-contaminated 
areas; and 

Exposing the environment and/or offsite receptgrs to hazard potential. 
*,i 



The standard requires that upon implementation of these procedures, the site 
safety and health officer must conductmonitoring for effectiveness on a continuous 
basis. 

Decontamination procedures must be supplemented by incorporation of and 
adherence to standard operating procedures that are developed to  minimize 
potential for personnel and equipment to come into contact with contaminated 
substances and'surfaces. Additionally, the developed -decontamination procedures 
must incorporate provisions for controlling, collecting, and disposing generated 
wastes in a proper manner. These materials will typically include items of personal 
protective equipment, decontamination (wash and rinse) fluids, as well as materials 
generated during site activities (e.g., drill cuttings, pumped monitoring well fluids, 
etc.). 

Development and implementation of an Emerqency Response Plan: 

Prior to any onsite work, the employer must develop and implement an 
emergency response plan that is site-specific, and all involved employees must be 
made aware of the provisions of this plan. This is to be incorporated as a separate 
section of the site safety and health plan, and it must include provisions for: 
recognition of emergency situations; methods for alerting onsite personnel of 
emergency situations; site evacuation procedures; provisions for emergency 
medical treatment; lines of authority in emergency situations; emergency 
decontamination procedures; and methods for evaluating the effectiveness of the 
emergency response plan. 

. 

The regulations require that the role of individual employee's in emergency 
situations be reflected in the plan. Two categories of employee activities are also 
discussed. One is from the standpoint of onsite emergency response, while the 
other addresses offsite response activities. In addition, the greater the roles and 
'responsibilities of the employee in a response situation, and the greater the risk 
potential that may be presented, the more detailed and comprehensive the 
emergency respmse plan will need to be. It is also common that both on- and 
offsite response 6GfS'zs may be necessary, depending on the nature and extent of 
the specific situation. Therefore, the emergency response plan needs to address 

*....+,J 

both*ori,site and offsite activities. 
175 

6-14 . .  



355 
The emergency response plan must include provisions for the following 

elements, a t  a minimum: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Pre-e me r g en cy plan n i n g ; 

Personnel roles, lines of authority, training, and communication; 

Emergency recognition and prevention; 

Safe distances and places of refuge; 

Site security and control; 

Evacuation routes and procedures; 

Decontamination; 

Emergency medical treatment and first aid; 

Emergency alerting and response procedures; 

Critique of response and follow-up; 

Personal protective equipment and emergency equipment; 

Establishment of an -Incident Command System; 

Procedures for incident reporting to appropriate local, state, and/or 
Federal agencies; 

Regular rehearsal and employee training of the elements of the plan;.. 
and 

Periodic plan review, with necessary modifications, for plan 
effectiveness. 
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0 Compliance with the requirements for both illumination, and sanitation a t  
tern Dora ry workplaces : 

Minimum requirements for illumination and sanitation (potable and non- 
potable water supplies and toilet facilities) are specified in the regulation, 
incorporating the requirements of Subpart C of the Construction Industry standards 
(29 CFR Part 1926). 

Illumination requirements are specified by site areas or operations. Generally, 
lower levels of illumination are necessary in areas where employee presence is 

. incidental or nonfrequent, and where activities involve low risk potential. Greater 
amounts of illumination are required in general site areas, indoor site facilities, and 
in personnel facilities. The highest illumination intensity requirements are specified 
for areas including first aid stations, infirmaries, and offices. 

Sanitation requirements address procedures for providing, identifying, and 
dispensing potable water and nonpotable water. Additionally, if appropriate, 
provisions must be made for toilet facilities, fdod handling, sleeping quarters, and 
washing facilities. 

Compliance with the requirements specified under paraqraoh (01 of the standard 
for certain operations conducted under RCRA, includinq developinq and 
implementinq a hazard communication proqram (meetinq the requirements of 
OSHA 29 CFR 1910.1200): 

The OSHA regulation contains less extensive requirements for normal (e.g., 
non-corrective action type) RCRA operations (vs CERCLA operations) in recognition 
that, by comparison, hazards should be "better controlled and more routine and 
stable" (51 FR 45661, December 9, 1986). Employers conducting operations on 
RCRA facilities must develop and implement the following programs and 

. procedures: 

Hazard Communication Program in conformance with the requirements 
of OSHA 29 CFR 1910.120; 
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0 A medical surveillance program; 
35.5 

0 A health and safety program; 

Decontamination procedures; and 

0 An employee training program 

Following is a l i s t  of other regulations that should be considered when 
developing health and safety programs and procedures: 

Citation Title 
29 CFR 1910.1 34 Respiratory Protection 

29 CFR 1910.95 

29 CFR 1903 

Hearing Conservation 

Inspections, Citations, and Proposed Penalties 

29 CFR. 1904 Recording and Reporting of Occu patiogal 
Injuries and Illnesses 

29 CFR 1926 Safety and Health Regulations for 
Construction 

29CFR1960 ' Federal Employee Safety and Health Programs 

29 CFR 1975 Coverage of Employers Under .the 
Occupational Safety and Health Act 

29 CFR 1977 Regulations on Disctimination Against 
Employees Exercising Rights Under the 
Occupational Safety and Health Act 

Other Federal and State regulations may also address the health and safety of 
the investigative team and the public. 'Department of Transportation (DOT) 
regulations (49 CFR 171 - 178), for example, specify containers, labeling, and 
transportation restrictions for hazardous materials. These regulations cover the 
transport of compressed-air cylinders, certain instruments, solvents, and samples. 
RCRA regulations (40 CFR 260-265) may apply to the storage, treatment, and 
disposal of investigation-derived materiais, including disposable clothing, used 
respirator cartridges and canisters, and spent decontamination solutions. = 
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Individual states may have occupational safety and health regulations more 
stringent than OSHA's. These should be consulted to determine their applicability 
and to ensure compliance. in addition, several guidance manuals exist that may be 
helpful in establishing health and safety procedures. These are listed below: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Ford, P. I. and Turina, P. T. 1985. Characterization of Hazardous Waste 
Sites--A Methods Manual: Volume I--Site Investiqations. €PA- 60014- 
84/075. NTlS PB 85-21 5960. Washington, D.C. 20460. 

US. €PA. 1984. Standard Operatinq Safetv Guides. Office of Emergency 
and Remedial Response. Washington, D.C. 20460. 

US. €PA. 1985. Basic Field Activities Safetv Traininq. Office of 
Emergency and Remedial Response. Washington, D.C. 20460. 

NIOSH/OSHA/USCG/EPA. 1985. Occupational Safetv and Health 
Guidance Manual for Hazardous Waste Site Activities. NIOSH 85-1 15. 
GPO NO. 017-003-00419-6. 

t 

Levine, S.P. and W.F. Martin. 1985. Protecting Personnel a t  Hazardous 
Waste Sites. Butterworth Publishers. 

U.S. €PA. 1985. Guidance on Remedial lnvestiaations Under CERCLA. 
Office of Emergency and Remedial Response. NTlS PE 85-238616. 
Washington, D.C. 20460. ' 

U.S. €PA. 1986. Occupational Health and Safetv Manual. EPA 1440. 

U.S. €PA. Order 1440.2 - Health and Safety Requirements for Employees 
Engaged in Field Activities. 

U.S. €PA. Order 1440.3 - Respiratory Protection. 

Professional recommendations and standards have also been offered by 
organizations such as the  American Conference of Governmental Industrial 

a;797 
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Hygienists, the ASTM, the American National Standards Institute, and the National 
Fire protection Association. 

6.3 Elements of a Health and Safety Plan 

RFI health and safety plans should address the following: 

Names of key personnel and alternates responsible for site safety and 
health, and the appointment of a site safety officer; 

A safety and health risk analysis for each rite task and operation; 

Employee training assignments; 

Personal protective equipment (PPE) to be used by employees for each of 
the site tasks and operations being conducted; 

Medical surveillance requirements; 

Frequency and types of air monitorkg, personnel monitoring, and 
environmental sampling techniques and instrumentation to be used - 
also, methods of maintenance and calibration of monitoring and 
sampling equipment to be used; 

Site control measures; 

Oecontamination procedures; 

Site standard operating procedures; 

Confined space entry procedures; and 

A Contingency Plan addressing site emergency action procedures. 
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Use of Work bones 

Although this section of the RFI Guidance is  intended to be only an 
introduction to the health and safety aspects of hazardous waste site investigations, 
the establishment of zones of operation or work zones deserves some attention. It 

should be recognized, however, that the health and safety aspects described below 
may not apply to all sites. 

Hazardous waste sites should be controlled to reduce the possibility of ( 1 )  
exposure to any contaminants present, and (2) transport of contaminants offsite by 
personnel and equipment. One recommended method to prevent or reduce the 

. possibility of the transfer of contaminants offsite, and to maintain control a t  the 
site, is to establish work zones, or areas on the site where prescribed operations 
occur. It is also important to control’access points (i.e., entrances or exists) for each 
designated work zone. The use of a three zone system might include: 

0 Zone 1 : Exclusion Zone 

. Zone 2:. Contamination Reduction Zone 

0 Zone3: Supporttone 

Zone 1, the Exclusion Zone, would include all areas onsite where 
contamination is known or suspected to be present. The boundaries can be 
established based on results of previous investigations, visual observations, facility 
records, or similar information. Appropriate levels of personal protective 
equipment (PPE) in this zone are based on the types and concentrations of 
contaminants known or suspected to be present, and other hazards that may be 
present. In addition, only specifically authorized personnel should be allowed into 
this tone, Once the boundaries of Zone 1 have been determined, they should be 
physically secured and defined by barriers such as fences or barricades. 

Zone 2, the Contamination Reduction Zone, would be set up to provide a 
buffer to separate contaminated areas from non-contaminated areas, and may 
actually surround Zone 1. Decontamination stations would generally be set up 
betyeen Zone 1 and Zone 2, or within Zone 2. These stations would serve as areas 
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355 
for decontamination of both personnel and equipment. Some level of PPE may also * be required in this zone, as some level of contamination or other hazard may be 
present. Access into Zone 2 from the Support Zone (Zone 3), is also controlled; only 
authorized personnel should be allowed access. Any worker entering Zone 2 should 
also be wearing the appropriate PPE. 

The Support Zone, Zone 3, would be located in a clean or uncontaminated 
area, and would be directly outside of Zone 2. The support zone may have several 
functions, including use as a command post and first aid station, and would serve to 
house equipment sheds or trailers, mobile laboratory facilities, training and briefing 
areas, etc. 

6-2 1 
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SECTION 7 

WASTE AND UNIT CHARACTERIZATION 

7.1 Objectives and Purposes of Waste and Unit Characterization 

Because the waste managed or contained in a unit provides the source for a 
contaminant release, detailed knowledge of the source characteristics is valuable in 
identifying monitoring constituents and indicator parameters, possible release 
pathways, a conceptual model of the release, monitoring procedures, and also in 
linking releases to particular units. Waste and unit characteristics will also provide 
information for determining release rates and other release characteristics (e.g., 
continuous as opposed to intermittent). Waste and unit information is  also 
important for determining the nature and scope of any corrective measures which 
may be applied. 

Without adequate' waste characterization, it is difficult to ensure that. all 
a 

constituents of concern will be monitored during the release investigation, unless 
a l l  possible constituents are monitored. The extent of adequate waste 
characterization, however, will vary depending upon the nature of the facility and 
types of units studied. For example, waste characterization for a unit dedicated to a 
single steady-state- process will be much less extensive than for a unit a t  an offsite 
facility that manages a variety of wastes that vary over time. 

As indicated above, waste characterization may also be helpful in identifying 
constituents to discriminate among releases from different units. In some situations 
(e.g., more than one unit in a waste management area), it may be important to 
identify which unit is responsible for the release of concern. Accurate identification 
of the unit from which the release is occurring may hinge on the ability to link the 
released contaminants to the waste managed in a particular unit (or, in some cases, 
to "decouple" the contamination from a particular unit). 

. 

Sufficient characterization of the waste for the purpose of the RFI may not be 
possible due to the diversity of wastes managed in the unit over time or the r e l a t i e  - ihr 
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inaccessibility of the waste in the unit. Waste characterization may be of limited 
utility where: 

0 The waste managed in the unit varies over time such that adequate 
determination of the waste constituents cannot be made. An example of 
this is an offsite commercial facility receiving different wastes from 
different generators. 

0 The unit of concern is no longer active and the waste cannot be sampled 
through a reasonable effort. This situation may occur a t  closed landfills 
where sampling of buried drums may not be practical due to  their 
inaccessibility. 

In certain situations, waste characterization may also not be advisable. For 
example, the waste in question may be extremely toxic (e.g., nerve gas), or highly 
reactive or explosive (e.g., disposed munitions). In such cases, release 
characterization may be based on constituents (or parameters) identified in the 
affected medium (e.g., leachate) a t  the point where the medium becomes (or is 
suspected of becoming) contaminated. If it becomes necessary to  conduct waste 
characterizations in these situations, or to remove the waste in question, a high 
level of health and safety protection (See Section 6) should be instituted. 

e' 
Waste characterization should also be designed to  provide sufficient 

information to support the implementation of interim measures and/or corrective 
measures. For example, if buried drums are identified during the RFI, the nature of 
the waste within these dru,ms (e.g., ignitability, corosivity, reactivity, constituent 
concentrations), if accessible, should be ascertained to determine if they should be 
removed from the site and how they should be subsequently managed as well.asto 
support the investigation of media-specific releases under the RFI. 

Design and operational characteristics of the unit are factors that will affect 
the rate of release and location within the unit from which the contamination is 
being or has been released. Such factors as unit size, type, operational schedule, 
and treatment, storage, or disposal practices should be helpful. 
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Although 40 CFR Section 264.13 of the R C R A  regulations (General Waste 

Analysis) contains waste analysis requirements, the information required may not 
always be sufficient for purposes of the RFI. Waste characterization to determine 
specific hazardous constituents, for instance, is not always required. In addition, 
l itt le or no data on inactive units may be available. The RFI Work Plan should be 
consistent, as appropriate, with the items identified in the requirements of 40 CFR 
Section 264.13. Further guidance is given below. 

7.2 Waste Characterization 

. In cases where a waste characterization is to be performed, the following - .  
approach is recommended: 

0 

Sample the waste; and 

Identify data needs through review of existing information; 

0 Characterize the physical and chemical properties of the waste and waste 
consti tu  e nts. 

If the unit has a leachate collection system, the leachate should also be 
sampled and analyzed, as it may also provide useful information, particularly with 
respect to the leachable portions of wastes contained in the unit. 

7.2.1 . Identification of Relevant Information 

In general, a waste characterization should produce the following types of 
. .  information : 

0 Identification of specific hazardous constituents and parameters which 
can be used in release verification or characterization (See Section 3.6); 

/ 

0 Physical and/or chemical characteristics of the waste useful for  
identifying possible migration pathways through the environmental 
media of concern; and 

.. 
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Physical and/or chemical characteristics of the waste, which may be 
necessary to evaluate treatment and/or management options. 

0 

Identifying specific constituents of the waste through a sampling and analysis 
program may require an extensive level of effort. The owner or operator is advised 
to use various informational sources on the specific waste in question in order to 
focus the analytical effort required. Such sources are described below. 

7.2.1.1 €PA Waste Listing Background Document Information 

The RCRA Hazardous Waste Listing Background Documents developed for 
the identification and listing of hazardous wastes under 40 CFR Part 261 contain 
information on waste-specific constituents and their physical and chemical 

’ characteristics. These documents contain information on the generation, 
composition, and management of listed waste streams from generic and industry- 
specific sources. In addition to identifying hazardous constituents in the wastes, the 
documents may also provide data on potential decomposition products. In some 
background documents, migratory potential is discussed and exposure pathways 

. identified. 

Appendix B of the Listing Documents provides detailed information on the 
fate and transport of hazardous constituents. Major physical and chemical 
properties of selected constituents are listed, including molecular weights, -vapor 
pressures and solubilities, octanol-water partition coefficients, hydrolysis rates, 
biodegradation rates, volatilization rates, and air chemistry (e.g., reaction) rates. 
Another section of this appendix estimates the migratory potential and 
environmental persistence of selected constituents based on a conceptual model of 
disposal in an unconfined landfill or lagoon. 

The appropriate uses and limitations of the Listing Documents are outlined in 
Table 7-1. In addition, Case Study No. 1 in Volume IV (Case Study Examples) 
illustrates the use of the Listing Documents. 

A list of the available listing background documents may be obtained by 
reviewing .a CFR Pans 261.31 and 261.32. These background documents are 
available in.fP& RCRA docket a t  the following location: 

. 



Table 7-1 
Uses'and Limitations of EPA Listing Background Documents 

Uses Limitations 

Ident i f ies the  hazardous 0 _ -  . 

constituents for which a waste 
was listed. 

In some cases, provides 
in format ion on addi t ional  - 
hazardous constituents that may 
be present in a listed waste. 

0 

In some cases, iden t i f ies  
decomposition products o f  
hazardous constituents. , 

Provides overview of industry; 
gives perspective on range of 
waste generated (both quantity 

May provide waste-specific 
characteristlc data such as  
density, pH, and leachability. 

May-provide useful information 
on the migratory potential, 
mobility, and environ.mentaI 
persistence of certain hazardous 
constituents. 

May list physical and chemical 
propert ies o f  se lec ted  
con s t  i t u en ts . 

0 

' and general characteristics). 

0 

0 

Applicable only for listed hazardous 
wastes. 

Industry coverage. may be limited in 
scope. For example, the Wood 
Preserving Industry Listing Document 
only covers organic preservatives. 
lnorganics such as inorganic arsenic 
salts, account for approximately 1 S 
percent of the wood preserving 
industry. 

Data may ncrt be comprehensive. For 
example, n o t  a l l  po ten t i a l l y  
hazardous constituents may be 
identified. Generally, only the most 
toxic constituents common t o  the 
industry as a whole are identified. 

D a t a  may n o t  be specific. 
Constituents and waste characteristics 
data often 'represent a h  industry 
average which encompasses many 
d i f fe ren t  types o f  p roduc t i on  
processes and waste t rea t  men t 
operations. 

Some Listing Documents were 
developed from I i mited dataire ports 
available to. €PA a t  the t ime of  
promulgation, resulting in varying 
Ie'vels o f  det.aiI f o r  d i f f e r e n t  
documents. 

Listing Documents f o r  cer ta in  
industries (e.g., the  Pesticides 
industry) ma be subject t o  C B I  
(confidential i usiness information) 
censorship. In such cases, constituent 
information may be expurgated from 
the document. 
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EPA RCRA Docket 
U S .  Environmental Protection Agency (WH-562) 
Room 5-21 2 
401 M St., S.W. 
Washington, O X .  20460 

7.2.1-2 Facility Information 

Identification of the constituents of a waste stream may be made through 
examination of records already existing in the facility. Engineering data on ’process 
raw materials or analytical data on the process effluents will also provide a good 
starting point for waste characterization. In some cases, generally where waste 
characteristics are well-defined, data on process raw materials or effluents will 
provide sufficient information for performing the RFI. More specifically, these 

sources may be: 

Hazardous waste characterization data used for a RCRA Permit 
A p p I k a t  i o n ; 

Waste Analysis Plan (as required by 40 CFR Part 264.13); 

State or local permit applications; 

Initial batch treatment results from an offsite hazardous waste disposal 
facility; 

- 

Hazardous waste compatibility results for bulk shipments; 

Purchase orders and packing lists; 

Analyses conducted to provide data for shipping manifests; 

Facility records of past waste analyses; 

Process operational data; 

.Product quality control analyses; 
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0 

0 

0 

0 

0 

0 

- 

. 7.2.1.3 

Data from past releases of hazardous waste into the environment; 

Compatibility results for containment liner studies; 

Past Federal, State, or local compliance and inspection results; 

OSHA industrial hygiene monitoring results; 

Facility health and safety monitoring data; 

Engineering design data from construction of plant processes; 

Performance specifications for process equipment; 

Related emissions data such as NPDES discharge results; and 

Information from past or present employees. 

Information on P h ysical/C h emical ha racte ristics 

Information on physical or chemical characteristics of the waste or waste 
constituents that may be useful in predicting movement of the contamination 
through the media of concern or in evaluating waste treatment or management 
options may be found in the following references:. 

~ 

Callahan, et &. 1979. Water-Related Environmental Fate of 129 Priority 
Pollutants, Volumes I and It. Office of Water Planning and Standards. NTlS PB 
297606. Washington, D.C. 20460. . 

Dawson, -- et al. 1980. Physical/Chemical Properties of Hazardous Waste 
Constituents. Prepared by Southeast Environmental Research Laboratory for 
U.S. €PA. EPA RCRA Docket. Washington, D.C. 20460. 

US. €PA. 1985. Health Effects Assessment for [Specific Chemical]. [Note: 58 
individual documents available for specific chemicals or chemical groups]. 
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Environmental Criteria and Assessment Office. Cincinnati, Ohio 45268. [See 
Section 8.4 for a list of ihese documents] 

Jaber, -- et al. 1984. Data Acquisition for Environmental Transport and Fate 
Screenina. Office of Health and Environmental Assessment, US. EPA. EPA 
600/6-84-009. NTlS PB 84-1 401 02. Washington, D.C. 20460. 

Lyman, et  al. 1982. Handbook of Chemical Property Estimation Methods. 
McGraw-Hill, New York. 

Mabey, et a. 1982. Aquatic Fate Process Data for Oraanic Prioritv Pollutants. 
Prepared by SRI International, EPA Contract Nos. 68-01-3867 and 68-03-2981. 
Prepared for Office of Water Regulations and Standards. Washington, D.C. 
20460. 

U.S. EPA. 1980. Treatability Manual, Volume 1. EPA 600/2-82-001a. Office of 
Research and Development. NTlS PB 80-223050. Washington, D.C. 20460. 

US. €PA. 1984. Characterizaiion of Constituents from Selected Waste 
Streams Listed in 40 CFR Section 261. Office of Solid Waste. Washington, D.C. 
20460. 

US. EPA. 1984. Exposure Profiles for RCRA Risk-Cost Analysis Mode'l. Office 
of Solid Waste. Washington, D.C. 20460. 

US. €PA. 1986. Ambient Water Quality Criteria. Office of Water Regulations 
and Standards. Washington, D.C. 20460. 

Perry and Chilton. 1973. Chemical Enqineen' 'Handbook. McGraw-Hill. 
5th Ed. New York. 

Venchueren. 1983. Handbook of Environmental Data for Orclanic Chemicals. 
Van Nostrand Reinhold Co. New York. 2nd ed. 

Weast st. 1979. CRC Handbook of Chemistry and Physics. CRC Press. 
6 
I '  
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Windholtr, et&. 1983. The Merck index. Merck & Co. Rahway, NJ. 0 
U.S. EPA. 1986. Test Methods for Evaluatina Solid Wastes. 3rd Edition. 
Office of Solid Waste. EPNSW-846. GPO No. 955-001-00000-1. Washington, 
D.C. 20460. 

US. EPA. 1984. Characterization of Hazardous Waste Sites-A Methods 
Manual. Volume 111. Available Analytical methods. €PA 60014-84-038. NTlS 
PB 84-191048. Washington, D.C. 20460. 

. Some commercially available computer information systems that contain 
chemical properties data and/or estimation methods may also be used. An example 
would be the Chemical Information System (CIS) (7215 York Road, Baltimore, MD 
21212). Another example is the Graphical Exposure Modeling System (GEMS) data 
base discussed in Section 3.5. The owner or operator should consult with the 
regulatory agency prior to use of such systems. 

7.2.1.4 Verification of Existing Information 

If existing information is current and sufficient to completely identify the 
type, amount, and location of waste, then available information may be considered 
adequate. If existing information is used, constituents present should be verified by 
recent waste analysis or by dated analysis that is substantiated by recent facility 
records showing-that no changes in procpss, manufacturing, or other practices that 
could alter waste composition have occurred. If existing information does not 
provide adequate waste characterization, or i f  the waste characteristics have 
changed, sampling may be required. 

7.2.2. Waste Sampling 

Al l  sampling should be conducted in a manner that maintains sample 
integrity and encompasses adequate QNAC. The characterization of waste in any 
unit must be representative. As wastes are often generated in bulk quantities from 
a large variety of processes, adequate determination of the waste profile requires 
that cyclical or random variations in waste composition be considered. The 
characterization should account for variation in waste content by collecting sampt 

0 
e@ll 
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that are representative of all potential waste variations. If a wide variation in waste 
composition is expected, it is preferable to document the range of this variation 
through the analysis of numerous samples. If little variation is anticipated, a lesser 
amount of sampling may be appropriate. If composite sampling is proposed, it must 
not mask unexpected or unanticipated compositional variations, and should alwavs 
be complemented with an appropriate number of grab (non-cornposited) samc' 
Generally, cornpositing should not be used when evaluating variation in waste 
composition. Collection of representative samples will involve different procedures 
for different waste and unit types. This is discussed further in Section 7.4. Case 
Studies No. 3,4, and 17 in Volume IV (Case Study Examples) provide illustrations of 
waste sampling uses, considerations, and techniques. 

7.2.3 PhysicaKhemical Waste Characterization 

Corn pou nd-speci f ic waste characteri t a t  ion should consider the constituents 
listed in 40 CFR Part 261, Appendix VIII, as the universe of overall constituents. 
Except for especially complex waste, many of the compounds on'this list may be 
eliminated using the guidance presented previously in this section and in 
Section 3.6. As indicated in Section 3.6 

0 The owner or operator should provide a sound justification or analytical 
results of waste analyses as substantiation for t,he elimination of 
constituents from further consideration; 

0% The analysis of waste samples to determine their characteristics should be 
performed using standard methods, such as those described in the 3rd 
edition of EPNSW-846 (Test Methods for Evaluatinq Solid Waste), or 
equivalent methods; and - 

A detailed Q N Q C  Plan should clearly define the sample preparation 
techniques, analytical methodology, required analytical sensitivities and 
detection limits, and collection of blanks and duplicates. 

In addition, for units that contain a mixture of solid, sludge, and/or liquid 
waste material, each phase should be analyzed and volume proportions measured. 
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7.3 Unit Characterization 

Information on unit characteristics may affect release properties and 
pathways. The owner or operator should obtain relevant information on the unit 
for use in developing the RFI strategy. Such information may include 

0 

0 

0 

0 

0 

0 

0 

0 
- 

0 

0 

0 

0 

0 

0 

Unit dimensions (including depth below grade); 

Unit type; 

Unit purpose (e.g ., biodeg radati on); 

Structural description, including materials and methods of construction, 
and any available drawings; 

Amounts of waste managed; 

Previous uses of area occupied by unit; . . 

Unit location; 

Description of liner or cap materials; 

Hold i n gheten t i on ti me; 

Key operating parameters, such as waste management schedule; 

Waste treatmentlapplication or loading rate; 

Biological activity present; 

Vent numbers and sizes; and 

Drainage areas. 

. -  
,’ -?,I g 3 
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7.4 Applicable Waste Sampling Methods 

7.4.1 Sampling Approach 

. References for waste sampling methods discussed in this section are listed in 
Section 3.6.3. A summary of available waste sampling methods for various waste 
matrices is provided in Table.7-2. 

Collection of waste samples requires methodology suited to the type of waste 
and unit sampled. In addition, waste sampling requires specialized equipment and 
protocols that may be designed especially for waste analysis or adapted from other 
sampling methods. Several important points to  consider when developing a 
sampling approach are as follows: 

e 

e 

e 

7.4.2. 

Compatibility of sampling methods and materials with the constituents 
being sampled. 

Ensuring the safety of personnel. Careful attention should be given to  
the level of protection and safe practices required for sampling activities. 
If the sampler is wearing protective gear that limits vision and mobility, 
or is fatiguing to wear, the collection procedures should be as simple as 
possible. 

Waste samples are generally not preserved and are considered hazardous 
for shipping purposes. 

Sampling Solids 

Sampling of solid materials should utilize readily available techniques. In 

general, the primary concern for the sampling of solid materials is effectively 
representing a large amount of possibly heterogeneous material in small samples. 
In order to address this concern, discrete samples should be collected from sufficient 
locations to characterize the waste with respect to location and time. Sampling 
methods vary depending on whether samples are to be collected a t  the surface, or 
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below the surface. For a unit currently in operation, variation in waste stream 
composition over time should be considered in determining when samples should 
be taken. 

For large amounts of solid materials, sample locations may be determined by 
applying a three-dimensional grid in combination with random sampling 
techniques as discussed in Section 3. In certain circumstances, compositing samples I 

may be acceptable to minimize the number of sample analyses, as long as waste 
composition remains fairly constant over the sampling period. When composition 
waste is expected to vary (e.g., in complex wastes), grab samples should be taken. , ' 
Compositing should be employed only when the representativeness of the waste 
characterization is uncompromised, and should always be accompanied by 
confirmational grab samples. 

i i  

Bulk solid materials are generally homogeneous. They are likely to be found 
in waste piles, drums, bags, trucks or hoppers, or on conveyor belts. Bulk solid 
materials can be sampled using uarious methods. Surface soil or soil-like materials 
found a t  land treatment units, in landfills, and at waste transfer (e.g., loading and 
unloading) areas can also be sampled using the same basic methods. Deeper soil 
sampling will require other methods asdescribed in Section 9 on soil. 

Five basic solid sampling methods are discussed below: 

0 SCOODS and sh~ovels are useful for sampling dry or moist granular, 
powdered, or otherwise unconsolidated solids from piles as well as from 
other containers of solid material (e.g., bags, drums, hoppers, trucks, or 
shallow containers). Waste material transported to the unit by conveyor 
belt can be sampled using a scoop to  collect samples from the belt. 
Scoops are applicable to solid waste materials that are within easy reach 
of sampling personnel. Scoops made of stainless steel or Teflon are 
preferable due to the inertness of these materials to most waste types. 
This sampling method is limited in utility to collection of samples near or 
on the surface of the waste. For collection of samples a t  greater depth, 
other methods are necessary. Shovels are used in the same manner as 
scoops when larger quantities of sample are needed or when an 

of$,&tertended reach IS required. Shovels are available in inert materials like 
%, _J 

3 

, L., 
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Teflon or stainless steel. Scoops and shovels will enable collection of land 
treatment unit samples from depths up to about 16 inches. Because most 
land treatment units manage organic waste streams, extreme care must 
be taken to retain the volatile organic components of the sample 
through rapid handling of the exposed sample during the collection 
process. Containers that have septum caps or air-tight lids should be 
used in conjunction with the scoop and shovel sampling method. 
Collection of soil samples from depths lower than the normal depths of 
tilling are described in Section 9. Contaminated surface .soils a t  waste 
transfer areas are also easily sampled using scoops and shovels. 

0 Triers are used to withdraw a core of sample material. The trier is similar 
to  a scoop in that it is inserted by hand into the material to be sampled; 
however, the design allows for the collection of a core of material. Triers 
are most useful for sampling waste piles, bags, hoppers, or other sources 
of loose solid waste material. Cores are most readily obtained with triers 
when the material being sampled is moist or sticky so that the core, 
which is cut by rotating the trier, stays together while the sample is  
removed from the waste material source. These samplers are useful only 
when they can be inserted horizontally into the material being sampled. 
Triers are readily available in lengths from 61 to 100 cm and are usually 
made of stainless steel with wooden handles. 

Thiefs are essentially long hollow tubes with evenly spaced openings 
along their lengths. -An inner tube with similar openings is oriented so 
that the openings are not aligned and the entire dual-tube thief is 
inserted into the solid waste material. After insertion, the inner tube is 
rotated to align the openings, thus allowing the solid material to flow 
into the inner tube. The inner tube is then rotated back to the closed 
position, sealing the openings prior to withdrawal of the sampler. Thiefs 
can be inserted horizontally, vertically, or a t  various angles into the 
sample as long as the material will flow (by gravity) into the slots of the 
sampling tubes. This method is best suited for sampling of dry free- 
running solids. Thiefs are available in a range of sizes t o  allow for 
collection of materials of varying particle size, but are not generally 
useful for particles in excess of 0.6 cm. Thiefs, like triers, are availabk ig'a 

0 
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variety of materials, usually brass or stainless steel, and are appropriate 
for sampling waste piles, drums, or hoppers. 

Auclers can be used to sample solid material a t  varying depths. The use 
of augers is generally exclusive to the collection of soil samples at  depth 
such as a t  landfills. However, for large waste piles which cannot be 
sampled in any other manner, it may be necessary to obtain samples from 
the inside portions of the pile in order to assess the overall characteristics 
of the material in the pile. Generally, augers are used in conjunction 
with a thin-wall tube sampler that is inserted into the borehole to collect 
an undisturbed sample from the depth a t  which the auger was stopped. 
The nature of the solid material and the physical size and accessibility of 
the unit will determine the applicability of augering and the most 
suitable type of auger. Augers are designed for general types of soil 
conditions and "disturb" samples to varying degrees. If possible, 
sampling of waste material should be conducted prior to or during waste 
placement because sampling by augers and thin-wall tubes can be 
difficult and time consuming. Backhoes may be required to gain access to 
the interior portions of the unit (e.g., a waste pile). 

. 

Core samplers such as previously described in conjunction with augers are 
frequently used for soil sampling. Section 9 addresses soil sampling in 
greater detail. Core samplers can also be used to collect cores of land 
treatment unit samples and provide excellent samples for spanning the 
depth of treated soil. Thin-wall tube core sampters can be used to collect 
vertical cores a t  most desired locations.. Sampling of top soil layers that 
contain the applied waste material can usually be accomplished using 
conventional hand coring techniques. As with the scoop and shovel 
method, extra consideration should be given to preventing losses of 
volatile organic components from the sample; the use of air-tight sample 
containers is recommended. Another technique is to  utilize a core 
sampler which can itself be used as an air-tight sampling container. 
Recent designs include a coring device with Teflon-gasketed end caps 
that can be used to both collect and contain land treatment samples for 
soil and soil-gas analyses. ?ii 

$t 
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Sampling Sludges m 7.4-3 

Sludges are "semi-dry" materials ranging from dewatered solids to high- 
viscosity liquids. Due to their liquid content, sludge materials are not usually stored 
or handled as solids, and often require containment in drums, tanks, or 
impoundments, to prevent runoff of the liquid portion of the sludge. Sludges also 
include sediments with high liquid content under a liquid layer. Sampling must 
frequently include extended-reach equipment to gain access to the submerged 
sludge layer. For those cases where sludges are piled and have a sufficiently high 
solids content, methods previously discussed under "Solids" may be adequate. The 
equipment used in some of the solid material sampling methods is available with 

. modifications to contain samples with a high liquid content. 

Sediments can accumulate a t  the bottom of drums due to  settling of 
suspended solids in liquid and sludge wastes. These sediments can be readily 
sampled using the previously discussed methodology. Glass-tube samplers, 
particularly those of larger bore, can be pressed into bottom sediments of drums to 
obtain samples. For bottom sediments or sludges that are too thick or resistive for a glass tubes, corers with or without core catchers can be inserted into the drum for 
collection of sediments. 

- Basic methods for sampling sludges are discussed below: 

SCOOPS and shovels are useful for collecting sludge samples from the 
surface of a sludge pile, or a t  shallow depths in drums, tanks, or surface 
impoundments. Shovels will allow for the collection of larger volume 
samples. Extra care may be required to collect "representative" samples 
if the liquid fraction of the sludge tends to separate from the sample 
while being collected. The liquid fraction should be considered part of 
the sludge material and must be retained for adequate characterization. 
Long-sleeve gloves may be required for personnel protection. 

0 Triers may be useful for collection of cores of material from sludge piles. 
The nature of the waste will determine the utility of this method. Triers 
are not generally used for sludges; however, on a trial-and-error basis, 
their applicability may be determined. i g g  
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Core samplers modified to retain sludge material can be used to collect 
sludge from waste piles where samples are required from various depths. 
Core catchers, such as thin-wall tube samplers that prevent washout of 
the wet sludge during recovery of the sampler from the sludge source, 
are available for attachment to the tip of coring devices. Because sludges 
are most often formed through deposition of solids from a liquid 
mixture, the composition of the sludge may vary significantly with time 
and location. The use of a core sampler equipped with a core catcher can 
provide for collection of a sample profile. These types of corers are 
available with extension sections that allow for collection of samples 
from depths well below the surface of the waste. Corers are generally 
equipped with a cutting edge on the tip that greatly faci l i tates 
penetration of a thick bottom layer and can also be outfitted with core 
catchers to assist in retaining looser sediment materials that might be 
more readily lost from the bottom of a glass tube. The amount of sludge 
present can be easily estimated by measuring the depth to the apparent 
bottom and comparing it to the known interior depth. 

Glass tubes or a Composite Liquid Waste Sampler (COLIWASA) can be 
used to collect bottom sediments from drums or shallow tanks when they 
are gradually inserted into the solid layer a t  the bottom. Due to the 
fragility of glass and the danger of cuts, this technique is applicable only 
for materials easily penetrated by the tube. High-liquid-content bottom 
sediments may exhibit washout characteristics similar to liquid samples. 
In many cases, the only way to determine if sample losses from the 
bottom of the tube will occur is to carefully test it to see what happens. 

Petite Ponar Grab Samplers are clamshell-type scoops activated by a 
counter-lever system. The shell is opened and latched in place, then 
lowered to the. bottom. When tension on the sample line is released, the 
shell halves are unlatched. The lifting action of the cable on the lever 
system closes the clamshell. These dredges are capable of collecting 
most types of sludges or sediments from silts to granular materials up to 
a few centimeters in diameter. As agitation of the liquid above the 
sludge occurs during sampling, it is advisable to collect sediment samples 
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after all liquid sampling is complete. This method is particularly useful 
for tanks and surface impoundments. 

7.4.4 Sampling Liquids 

- Liquid wastes require distinctly different sampling methods than do solids 

and sludges, with the exception of some techniques for sampling submerged 
sediments, and should also account for parameters of interest (e.g., for volatile 
contaminants, it is important to prevent volatilization): Common liquid waste 
sources are drum handling units, tanks, and surface impoundments. A general 
safety concern associated with drums and tanks is the structural integrity. Safe- 
access procedures for sampling these units should be established prior to sample 
acq u isi tio n . 

Liquid wastes handled in drums can be sampled before being loaded into the 
drum or, if necessary, after placement. For facilities that receive wastes in drums, 
sampling should be conducted prior to the removal of the waste material from the 
drum. For waste streams that can be sampled directly prior to drum loading, grab a sampling techniques are appropriate. As always, sufficient samples should be 
collected to account for waste variation over time. Sampling of drums can be done 
using several different methods, including grab sampling with a dipper from the 
open drum, routine full-depth drum sampling using a disposable glass tube or 
COLIWASA, or with a sampling pump with tubing that is lowered into the drum for 
sampling . 

Tanks are containment structures larger than drums that can hold more than 
a million gallons. Tanks include tanker trucks, above-ground tanks, and partially or 
fully underground tanks. Tanks usually have limited access due to small hatchway 
openings, or ladders or walkways that often extend across open-top tanks. Due to 
the greater depth of tanks versus drums, methods with extended-reach capabilities 
are necessary. Waste materials in tanks generally include liquids and bottom 
sludges. When retention time of liquid wastes in tanks is long, layering or 
stratification including settling out of sediments is likely to occur. Great care should 
be taken to minimize the disturbance of liquid layers while collecting samples. The 
surface should be broken gently and samplers lowered gradually. Liquid sampling 
utilizes either pump and tubing methods or discrete depth samplers, such as a . . 
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a Kemmerer Bottles or Bacon Bomb samplers. Bottom sediments that cannot be 
drawn up with a pump will require the use of small dredges, such as the Petite Ponar 
Grab sampler. 

Surface impoundments can range from several hundred to several million 
. gallons in capacity. Due to their large size, they are usually open to the atmosphere 

rather than covered. Sampling of an impoundment may be difficult, except near i ts  
edges or from walkways that extend over the impoundment. "Off-shore" sampling, 
when necessary, should be considered a serious, potentially dangerous operation 
and should be performed according to  strict health and safety procedures. 
Common means of sampling off-shore locations are boats, floating platforms, 
cranes with suspended enclosed platforms, and mobile boom vehicles with 
platforms. 

Whenever possible, the waste should be characterized prior to its transfer 
into the impoundment. For example, waste pipelines can be sampled from valves, 
and tanker trucks discharging waste into impoundments can be sampled prior to  
discharging. However, taking samples from the units is desirable, because changes 
in the concentration5 reported for samples taken during transfer may have la'rge 
impacts on the estimates of the amounts of hazardous waste or constituents in the 
impoundment. 

a 

Liquid sampling techniques for impoundments include Dippers (particularly 
in the pond sampler configuration with a telescoping handle), pump and tubing, 
Kemmerer Bottles, and Bacon BombSampleN. The dipper or pond sampler method 
is the easiest to use; however, it is not capable of reaching off-shore locations or of 
collecting samples a t  varying depths below the surface. 

- 

Liquid sampling methods are described below: 

Dippers can be used to collect samples from the surface liquid layer of 
open drums, tanks, or impoundments. (Other techniques are required to  
collect samples from drums where the only access is through the bung 
hole in the lid). This method is appropriate only for wastes that are 
homogeneous and likely to be represented by a grab sample from the 

r . >  ~ top layer. In most cases, a full-depth composite liquid sample is more :. d l  .- 
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representative. The dipper technique involves the use of an intermediate 
vessel that is submerged in the waste liquid. The sample is then poured 
into the designated sample container. Handles are attached to the vessel 
to make sampling easier and reduce direct contact of the sampling 
technician with the waste material. In one configuration, the dipper is 
attached to a telescoping pole for an extended reach; this configuration 
is called a pond sampler. The dipper sampling device is also useful for 
sampling from piping system valves. 

. 

0 Glass tube samplers can collect a full-depth liquid sample from a drum 
and can be used through the bung hole on the drum lid such that the lid 
need not be removed. Conventionally, the glass tubes are 122 cm long 
and 6 to 16 mm in inside diameter. Larger diameter tubes can be used if 
the liquid to  be sampled is more viscous. The major limitation of this 
method is  spillage (i.e., liquid loss from the bottom of the tube is  
unavoidable). Smaller diameter tubes have fewer problems with sample 
loss than do large-bore tubes. This method is perhaps the most common 
drum sampling technique due to its relative ease of use and the minimal 
equipme.nt decontamination required. 

. .  
0 COLIWASA samplers are a more formalized version of the glass-tube 

samplers. The COLIWASA (composite liquid waste sampler) utilizes an 
inner rod attached to a stopper a t  the bottom of the sampling tube. The 
sampler is slowly inserted into the drum with the bottom stopper open. 
When the sampler reaches the bottom, the inner rod is pulled up, sealing 
the sampling tube for removal of the sample. A COLIWASA can be made 
of many materials; however, inert materials (e.g., Teflon or glass) are the 
materials of choice. 

0 . Pump and tubinq(e.g., bladder pumps) systems are readily available and 
are useful for withdrawing liquid samples from up to 28-foot depth. 
Peristaltic pumps are available in many sizes and f low rates to  
accommodate many sampling situations. Full-depth composite samples 
can be collected by gradually lowering the tubing intoahe material being 
sampled. One limitation of this system is that the pump applies a vacuum 
to the sample that can alter the-chemical equilibrium in the sample 

d i 
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resulting in the loss of volatile organic components. A modification to 
this basic system can be made by placing a sample vessel in-line between 
the tubing and the pump to prevent sample material from contacting the 
pump p a d  In this configuration, collection of numerous samples is  
facilitated because pump tubing need not be cleaned or replaced 
between sampling events. 

High flow rates are not advisable because rapid overflowing of sample 
bottles may occur. A lower flow rate will assist in minimizing the 
disturbance of liquid layers in the tank and will cause less agitation of the 
sample as it enten the sample bottle. The peristaltic pump and tubing 
system can be utilized in two configurations -- one with the tubing 
connected directly to the pump and a second with an intermediary 
sample vessel in-line between the pump and tubing. The second 
configuration also eliminates pump decontamination between samples. 
When sufficient waste characterization data are available, small 
submersible pumps can also be used; however, these pumps are not 
generally made of chemically resistant or relatively inert materials. The 
utility of these small submersibles depends on their ability to provide 
samples from greater depths. Peristaltic pumps have an upper limit of 
approximately 8 meters, whereas submersibles can be used for most 
depths of concern. 

Kemmerer Bottles are discrete-depth liquid samplers that are usually 
appropriate for tank or impoundment sampling. The Kemmerer Bottle is 
a spring-loaded device that is lowered into the liquid in the open 
position, allowing the liquid sample to flow through it while it is 
descending. A t  the desired depth, a messenger is dropped down the 
sample line, releasing the spring-loaded closing device to  obtain the 
sample. Limitations of Kemmerer Bottles include the poor availability of 
devices constructed of relatively inert materials, the difficulty in 
decontamination between sampling, and the inability of this sampler to 
collqgt purely depth-discrete samples (because the sampler's surfaces are 
exposed to materials in the liquid layers as the sampler passes through 
them to arrive a t  the designated depth). 
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0 Bacon Bomb samplers are lowered on a sample line. A second line 

attached to an opening rod, which runs down the center of the bomb, 
will open the sampler when pulled. The sample can be collected with a 
minimal amount of agitation since the rod can open the top and bottom 
of the bomb, allowing the sample to enter the bottom and air to exit 
through the top. Bacon Bomb samplers are readily available from 
laboratory supply houses and are frequently constructed of chrome- 
plated brass. Relatively inert construction materials, such as Teflon or 
stainless steel, are preferable. Careful maintenance and regular 
inspection of samplers is advised. Samplers with plating materials flaking 
off should be removed from use. If waste characteristics are known, 
sample changes caused by the sampler can be avoided by using materials 
compatible with the type of waste being sampled. An advantage of the 
Bacon Bomb sampler is its ability to be lowered to the desired depth in 
the closed position before collecting a sample. This technique minimizes 
cross-contamination from liquid layers above. 
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SECTION 8 

HEALTH AND ENVIRONMENTAL ASSESSMENT 

8. I Overview 

This section describes the Health and Environmental Assessment (HEA) that 
will be conducted by the regulatory agency as part of the RFI. The primary element 
of this assessment is 'a set of health and environmental criteria (chemical 
concentrations) to which measured and in some cases predicted (e.g., for the air 
medium) concentrations of hazardous constituents developed during the release 
characterization will be compared. When these criteria ("action levels") are 
exceeded or there is a reasonable likelihood of this occurring, a Corrective Measures 
Study (CMS) will generally be required, although the owner or operator may, 
because of site specific factors, present data and infor-mation to support a 
determination that no further action is necessary. This section describes the HEA 
process (Section 8.2), the determination of potential exposure routes for each 
environmental medium of concern (Section 8.3), and the development and use of 
the health and environmental criteria (Section 8.4), leading to an evaluation of the 
need for appropriate interim corrective measures and/or a CMS. The evaluation of 
chemical mixtures is discussed in Section 8.5. Special considerations involved in the 
evaluation of soil and sediment contamination are discussed in Section 8.6. Section 
8.6 also provides a review of statistical procedures that may be used to evaluate 
ground-water monitoring data. Section 8.7 discusses qualitative and other factors 
which may be used by the regulatov agency in conducting the health and 
environmental assessment. Interim corrective measures are discussed in Section 8.8. 
References used in developing this section are listed in Section 8.9. Finally, Section 
8.1 0 presents the health and environmental criteria and provides several 
worksheets which may be used to conduct the HEA. 

The health and environmental criteria used in determining the need for a C_MS 
are based primarily on €PA-established chronic-exposure limitsi These values and 
their use are described herein. Subchronic exposure limits and qualitative criteria 
are also discussed. It should be emphasized that the health and environmental 
criteria provided in this section do not necessarily represent clean-up target levels 

@ that must be achieved through the implementation of corrective measures. R ~ Q @ s  '-M 
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0 -they establish presumptive levels that indicate that a closer ^examination' is 
necessary. This closer analysis would generally take place as part of a CMS. 

, The guidance provided in this section presents a general framework for 
conducting a HEA. It is intended to provide a flexible approach for interpreting 
release Characterization data, as case-specific factors may enter into consideration. 
For example, State-established criteria and consideration of past environmental 
problems (e.g., fish-kills) may also be considered. 

The regulatory agency may require both interim corrective measures and a 
CMS as a result of the HEA. One difference between interim corrective measures 
and definitive corrective measures may be timing. The development and 
implementation of a comprehensive corrective action program can be a time- 
consuming process. Between the time of the identification of a contaminant 
release and the implementation and completion of definitive corrective measures, 
existing conditions or further contaminant migration could endanger human health 
and the environment. Under these conditions, interim corrective measures, which 
may be temporary or short-term measures (e.g., providing. bottled water or 
removing leaking drums) designed to prevent or minimize adverse exposure, can be 
applied. Case Study .No. 11 -in-Volume IV- . (Case Study Examples) prpvides an 
illustration of the HEA process. , 

The HEA procedures described in this section apply to releases from all units 
except releases to ground water from "regulated units" as defined under 40 CFR 
Part 264.90(a)(2). Releases to  ground water from "regulated units" must be 
addressed according to the requirements of 40 CFR 9264.91 through 9264.100 for 
purposes of detection, characterization, and appropriate response. 

8.2 Health and Environmental Assessment Process 

The HEA is a continuous process that begins with the initiation of the RFI. As 
investigation data (from monitoring and/or modeling) become available, both 
within and a t  the conclusion of discrete phases, they should be reported to the 
regulatory agency as required. The regulatory agency will compare these data to 
applicable health and environmental criteria, including evaluation against 
qualitative criteria, to determine the need for (1) interim corrective measures; 
and/" r f *  a CMS. Notwithstanding this process, the owner or operator has a 2Ca& x .:<<t 
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continuing responsibility to identify and respond to emergency situations and to 
define priority situations that may warrant interim corrective measures. For these 
situations, the owner or operator should follow the RCRA Contingency Plan 
required under40 CFR Part 264, Subpart 0 and Part 265, Subpart 0. 

0 

. The results of the media-specific investigations described in Volumes II and Ill 
of this Guidance will be used to identify the constituents of concern, constituent 
concentrations within the release, general release characteristics (e.g., organic, 
inorganic), the affected environmental media, exposed or potentially exposed 
human or environmental receptors, the rate of migration of the release, and the 
extent of the release. The objective of the HEA is to integrate these results td 
determine whether interim corrective measures and/or a CMS may be necessary. In 
general, this objective is achieved in a two-step process. 

First, potential human and environmental exposure routes are determined. 
Section 8.3 provides guidance for determining potential exposure routes for the 
media,of concern. For ground water, surface water, soil, and air, methods are 
described for making exposure route-specific comparisons with the health and 
environmental criteria. Subsurface gas migration and inter-media transport of 
contamination from other media to air (e.g., ground-water contamination resulting 
in seepage of volatile constituents to basements) are addressed as air problems to 
the extent that they contribute hazardous constituents to ambient air, whether 
indoors or outdoors. Evaluation of the migration of methane gas in the subsurface 
is also addressed in this section (Section 8.8) as part of the guidance on interim 
corrective measures, due to the immediate explosion potential of methane. - 

a 

Second, t h e  measured (or in some cases, such as releases to air, predicted) 
constituent concentrations in the release are compared to €PA-esta blished 
exposure-limit criteria, A t  any time during the RFI when contaminant 
concentrations in the release are found to exceed the health and environmental 

I criteria, a CMS will generally be required by theregulatory agency, although the ~ 

<owner or operator may, because of site-specific factors, present data and 
information to support a determination that no fur ther  action is necessacy. In 
addition, when health and environmental criteria are exceeded, the need for 
appropriate interim corrective measures will also be determined. This p r o c m  8 

‘UJ p a  
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involves an evaluation of exposed or potentially exposed human and environmental 
populations. This process is discussed in more detail in Section 8.8. 

The determination of whether a CMS may be necessary will be made by the 
regulatory agency, by comparing constituent concentrations determined a t  
locations within the release to the health and environmental criteria discussed in 
Section 8.4. These criteria serve as "action levels" for determining whether a CMS 
will be necessary., Figure 8-1 depicts a hypothetical facility with individual solid 
waste management units and a contaminant release originating from one of the 
units. For ground water, surface water, soil, and subsurface gas, the comparison of 
constituent concentrations with the criteria will be made for all measurements 
within the release a t  and beyond the limit of the waste management area. 

. 

The evaluation procedure for releases to air differs from the other media in 
that comparison of constituent concentrations with the health and environmental 
criteria will be made a t  the facility property boundary. However, onsite air 
,comparisons may be necessary in cases where people reside a t  the facility or when 
worker safety regulations are deemed-inadequate to protect human health and the 
environment, although onsite air'contamination normally would fall under the 
jurisdiction of OSHA. As indicated in the Air Section (Section 12), the values 
compared can be either measured values derived from monitoring or predicted 
values derived from modeling. 

8.3 Determination of 

Some of the more 
environmental medium are 
'determine the appropriate 
com pa rison with measured 

Exposure Routes ) 

significant potential exposure routes for each 
presented in Table 8-1. .,This table should be used to 
health and environmental criteria to be used in the 
or predicted Constituent release concentrations. For 

example, when releases to ground water have been identified, a primary exposure 
route of concern is drinking water. For each constituent identified in the ground- 
water release, the measured concentrations are compared with the appropriate 
criterion values discussed for drinking water in Section 8.4. 

i ffsuspected or known inter-media transfers of contamination should have been 
characterized (Le., nature, extent and rate) during the RFI process. For example, if 

. !  
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FACILITY BOUNDARY 

8 

0 

LEGEND: 

0 SAMPLING LOCATIONS 

FIGURE 8-1. HYPOTHETICAL FACILITY WITH INDIVIDUAL SOLID WASTE 
MANAGEMENT UNITS AND A CONTAMINANT RELEASE 
ORIGINATING FROM ONE OF THE UNITS. 
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TABLE 8-1 

Some Potential Exposure Routes 

, . 

Contaminated Med i um Exposure Route 
L I 

Soil1 Soil Ingestion (surficial soil), Dermal 
Contact 

Ground Water 

Subsurface Gas2 

Ingestion of Drinking Water 

Inhalation 

J 1 Exposure routes for deep contaminated soils and bottom sediments 
underlying surface water bodies are addressed separately in Section 8.6. 

2 Migration of methane as in the subsurface presents a problem due to the 

and is discussed under interim corrective measures (Section 8.8). 
explosive properties o P methane. This is treated as an immediate hazard 

Air 

Surface Water1 

[Note:' Other important exposure pathways can include inhalation of 
volatile constituents released during domestic use of contaminated 

round water or when such ground water seeps into residential 
asements. Similarly, various exposure pathways can lead to 

adverse effects on environmental receptors (i.e., animals and 
plants).] 

E 

In halation 

Ingestion of Drinking Water 

Consumption of Contaminated Biota 
(e.q.,fish) . ' 

. I  .. 

. .. 
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0 the initial contaminant release was to the soil medium and eroded soils have been 
transported to surface water, both soil and surface water contamination should 
have been adequately characterized during the RFI. In this example, the regulatory 
agency will consider exposure in both media. In cases where subsurface gas, soil, or 
ground-water releases have caused contaminant seepage to basements, inter- 
media transfer to the air may pose an inhalation hazard. In such cases, 
contamination of. basement areas should have been adequately characterized 
during the RFI process. 

8.4 Health and Environmental Criteria 

The preliminary set of health and environmental criteria are presented in 
Tables 8-5 through 8-10 in Section 8.10. The constituents shown in Tables 8-5 
through 8-10 are a subset of the hazardous constituents listed in Appendix Vll l of 40 
CFR Part 261. It should be noted that the definition of constituent may also include 
components of 40 CFR Part 264, Appendix IX that are not also on Appendix VIII, but 
are normally monitored for during ground-water investigations. Tables 8-5 through 
8-10 identify such constituents, where criteria for these constituents are available. 

The concentrations shown for each constituent are derived. from EPA- 
established chronic (and in some cases acute) toxicity criteria for ingestion (soil and 
drinking water) or inhalation exposure routes, and were calculated using a set of 
intake assumptions for the various media, as shown in Table 8-2. As indicated in the 
footnotes accompanying Tables 8-5 through 8-lO,>the criteria presented are subject 
to change. Therefore, these numbers should be confirmed by the regulatory agency 
prior to use. 

8.4. I Derivation of Health and Environmental Criteria 

Maximum Contaminant Levels (MCLs) -- Table 8-5 provides the maximum 
contaminant levels ( M U )  for drinking water promulgated under the S a f e  Drinking 
Water Act. In developing these values, total environmental exposure to a particular 
contaminant from various sources (e.g., air, food, water) and gastrointestinal 
absorption were considered. 

0 
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Intake Assumptions for Selected Routes of Exposure 

Surficial Soils (Inclestion): 

0.1 g/day for 70 kg personno year exposure period for 
carcinogens 

0.2 g/day for a 16 kg child/S-year exposure period for 
system i c to xi ca n ts  * * 

~ ~~~ 

5urface and Ground Water (Inaestion): 

2 liters/day for 70 kq adultno-year exDosure period 

air (Inhalationl: 

20 m3 airlday for 70 kg adultno-year exposure period 

\I Corresponds to the period of 1 to 6 years of age. 
' \  

/ 

a . 

a- 
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The MCL, when available for a constituent'released to ground water or surface 
water, should be used as the evaluation criterion for human drinking water 
consumption for that constituent. If an MCL does not yet exist for a particular, 
constituent, criteria in the other tables presented in Section 8.10 should be used, 
where available. If air, surficial soil, or sediment (See Section 8.6) are the media of 
concern, or when evaluating aquatic life exposure or human consumption of 
aquatic organisms, the MCL is not used. In such cases, the criteria in the other tables 
should be used, as described below. [Note: EPA is in the process of developing a 
number of new MCLs to be issued over the next several years.] 

m 

. Carcinocrens -- Table 8-6 presents the human health-based criteria for 
carcinogens. These criteria, calculated from Risk-Specific Doses (RSDs), were 
developed according to €PA Guidelines for Carcinogen Risk Assessment (U.S. €PA, 
1986). The RSD is an upper bound estimate of the average daily dose of a 
carcinogenic substance that corresponds to a specified excess cancer risk for lifetime 
exposure. The values presented in Table 8-6 are environmental concentrations that, 
under the intake assumptions shown in Table 8-2, correspond to excess lifetime 
cancer risks of 10-6 for Class A ana B carcinogens, or 10-5 for Class c carcinogens. 
Table 8-6 presents the class (A, B or C) of the carcinogen (See US. €PA, 1986, for a 
description of carcinogen classification), 

, 

0 

The criteria presented in Table 8-6 were calculated from RSDs in the following 
manner: 

. Ci = (R/q1') x (WA) (Equation 8-1) 

where 

Ci = the criterion concentration for the constituent of interest; 

R = the specified risk level (e.g., 10-6); 

4,' - - the carcinogen slope factor (CSF) in (mg/kg/day)-l developed 
by the Carcinogen Assessment Group (CAG) of the EPA, Office 
of Health and Environmental Assessment, or the Agency's 
Carcinogen Risk Assessment Verification Endeavor (CRAVE) 
Wo rkg ro u p ; 
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(R/q,*) = theRSD; 

W = the assumed weight of the exposed individual; and 

I = the intake amount for a given time period. 

For example, the health-based criterion (Ci) for aldrin, a Class A carcinogen, 
was calculated for water in the following manner: 

= (10-6/1.7€ + 01 (mg/kg/day)-l) x (70 kg/2 litewday) 

= 2.1 x 10-6 mg/liter 

= 2.1 x 10-3 ug/liter 

Calculation of the criteria for soil ingestion and air inhalation shown in Table 
8-6 takes essentially the same form. However, the values for the. assumed intake 
rate (I) differ. The assumed intake rate for soil that is used in the calculations for 
carcinogens is 0.1 g/day for a 70-kg person. The current conservative, linear models - 
that the Agency uses in cancer risk. assessments consider 'the expression of 
carcinogenic effects to be a function of cumulative dose, and thus assume that, in 
general, elevated exposures during early childhood alone are not that significant in 
determining lifetime cancer risk. Therefore, the soil intake value of 0.1 g/day is an 
upper-range estimate of soil irigestion for adults. The intake rate (I) for air 
inhalation is 20 m3/day for a 70-kg person. ) 

' 

% 

Many of the health-based criteria for carcinogens shown in Table 8-6 are 
below current analytical detection limits (See Section 3.6 for a discussion of 
detection limits). For example, the concentration for dieldrin in Table 8-6 is 2.2 x 
10-3 pg/l for the drinking water exposure route, while the corresponding current 
limit of detection for this constituent is approximately S x 10-2 pg/l. In those cases 
where the HEA criterion is less than the limit of detection, the detection limit will be 
used as a default value when making comparisons to investigation data, unless 
acceptably determined modeling values can be applied (i.e., values from, air 
d is p e rs i o n mod e I 5). 
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The criteria provided in Table 8-6 address the surficial soil (ingestion), water 
(ingestion), and air (inhalation) routes of exposure. For human health assessment, 
the carcinogen criteria for water should be used when ground water or surface 
water is the medium of concern, unless MCLs exist or there are lower values for the 
constituents of concern in Table 8-7. The carcinogen criteria for surficial soil 
(ingestion) and air (inhalation) should be used if surficial soil or air, respectively, is 
the medium of concern, unless a lower value appears in Table 8-7. If a particular 
constituent is not identified in Table 8-6, the criteria in Table 8-7 (systemic toxicants) 
should be used, if available. As alluded to  above, constituents that are both known 
carcinogens and systemic toxicants (e.g., chloroform) will have values in both Tables 
8:6 and 8-7. In such cases, the lower of the two values should be used as the action 
level. Both values are presented in the tables if needed for determining the 
additive toxicity of mixtures (see Section 8.5). 

Systemic Toxicants -- Table 8-7 presents the human health-based criteria for 
systemic toxicants. These criteria, calculated from Reference Doses (RfDs), are an 
estimate of the daily exposure an individual (including sensitive individuals) can 
experience without appreciable risk of health effects during a lifetime. For water 
ingestion, the systemic criteria are calculated for a 70-kg adult for a chronic lifetime 
exposure period (i.e., 70 years). For soil ingestion, the assumed intake rate of 0.2 
g/day is based on a 5-year exposure period for a 16-kg child. These exposure 
assumptions for soil are reflective of an average scenario in which children ages 1-6 
(who exhibit the greatest tendency to ingest soil) are assumed to ingest an average 
amount of soil on a daily basis. The concentrations shown in Table 8-7 were 
calculated using the intake assumptions presented in Table 8-2 for the selected 
exposure routes, as shown in the following equation:. 

0 

Ci (RfD) x (WA) (Equation 8-2) 

For example, the concentration (Ci) for surface water and ground water for 
pentachlorobenzene shown in Table 8-7 was calculated in the following manner: 

Ci = Criterion concentration for constituent of interest 

RfD = Reference Dose for pentachlorobenzene 
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W 

Ci 

Ci 

8 x 10-4 mg/kg/day 

ingestion rate (from Table 8-2) 

2 liters 
day 

adult body weight (from Table 8-2) 

70 kg 

(8 x 10-4 mg/kg/day) x (70 kg/2 Iiterslday) 

2.8 x 10-2 mg/liter 

2.8 x 101 uglliter (which roundsoff to 3 x 101 ug/liter) 

. .  

As with the carcinogen criteria, some of the systemic criteria presented *in. 
Table 8-7 may be below current analytical detection limits. (See Section 3.6 for a 
discussion of detection. limits.) In cases where the criterion is less than the limit of 
detection, the detection limit will be used as a default value when making 
comparisons to investigation data, unless acceptably determined modeling values 
can be applied (i.e., values from air dispersion models). 

EPA is in the process of developing inhalation criteria for 49 systemic toxicants 
based on inhalation toxicity studies. inhalation criteria for several of these systemic 
toxicants are currently available. These criteria are identified in Table 8-7. When 
additional criteria are developed, they will be incorporated into the Integrated Risk 
information System (IRIS) data base (see Section 8.4.2). In addition, €PA is currently 
conducting research on development of systemic toxicity criteria for dermal 
exposure through contact with contaminated soil. 

The systemic criteria for the water (human ingestion) route of exposure should 
be used unless MCLs or lower carcinogen criteria exist. For other routes of exposure 
(e.g., soil ingestion), carcinogen criteria should be used unless lower systemic 
crite$a$ejxist. :As indicated previously, some toxicants-are both carcinogenic-and) 2*'13 

. .  
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I ,--systemically toxic (e.g., chloroform) and, thus appear in both Tables 8-6 and 8-7. In / 

\\ /' , 
5 
,' 

'* 
\, such- cases, the- lower of the two values should be used for human health 

- 

assessment. 
- 

\) 

Water Quality Criteria -- A summary of the EPA Water Quality Criteria (WQC) 
appears in Tables 8-8 and 8-9. These criteria exist to protect both marine and fresh- 
w-ater aquatic life and address both acute and chronic toxicity. WQC also exist for 
protection of human health through water and fish consumption (incorporating 
both routes of exposure), and for fish consumption only. If human consumption of 
both the surface water and contaminated aquatic organisms is a factor, the set of 
criterion values based on ingestion of contaminated aquatic organisms and drin king 

\ water should be used. ,The values based on consumption of fish alone should be 
used only when human consumption of the surface water is not of concern. WQC 
should be used only when surface water is the medium of concern. If aquatic l i fe 
exposure and human exposure are both of concern, the more stringent criterion , 
should be used. Aquatic life criteria may be applied even if human exposure is not 
of concern. [Note: In states which have adopted numerkal Water Quality 
Standards, or where numerical standards can .be calculated from non-numeric state 
standards, such standards may be used in lieu of EPA WQC or other available levels 
on a constituent-specific basis.] 

, 
t 

0 
&cute and Subchronic Criteria -- These criteria address impacts on both 

children-and adults, and are presented in Table 8-10. These criteria are most 
commonly applied for the determination of the need for interim corrective 
measures. Their use is described in Section 8.8. 1, 

8.4.2 Use of Criterion Values 

As indicated previously, the criteria presented in Tables 8-5 through 8-10 are 
subject to change. These tables do not present action levels for all of the 40 CFR 
Par t  261, Appendix Vll l  constituents. In addition, action levels for components of 40 
CFR Part 264, Appendix IX that are not also on Appendix VIII, but are normally 
monitored for during ground-water investigations, may also be applied. As existing 
health effects data are reviewed and more information becomes ayailable from 
laboratory and epidemiological studies, these tables may be expanded to include , 

additional hazardous constituents, including those from Appendix IX. Q,,r8 
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Current information on the health and environmental effects of various 
toxicants, including information on RSDs and RfDs, and supporting toxicological 
studies, may be obtained from review of the following document: 

?\ 
U.S. EPA. Intearated Risk Information Svstem (IRIS) Chemical Files. Office of 
Health and Environmental Assessment, Office of Research and Development. 
Washington, D.C. 20460. 

. 

\ The Integrated Risk Information System (IRIS), is a computerized library of 
cu.rrent information that is up-dated on a continuous basis. It contains health risk 
assessment information on chemicals which have undergone a detailed review of 
toxicity data by work groups composed of €PA scientists from several Agency 
program offices, and represent €PA consensus. IRIS may be accessed by the EPA 
Regions, and State and local governments through the EPA electronic mail system 
(Dialcom) or through the Public Health Network of the Public. Health Foundation 
(contact the Network a t  (202) 898-5600 for details). IRIS is also available to the 
general public through the €PA electronic mail system (Dialcom-(202) 488-0550). In 

'addition, IRIS is also available on floppy diskettes in ASCII format through the 
National Technical Information Service (NTIS-(703) 487-4763). 

If EPA has not yet developed criteria for constituents which may be pertinent 
to a particular release, thwe are various options which may be exercised by the 
regulatory agency. A literature search may be performed to locate any health 
effects data which can be used to develop an interim criterion value or, a t  least, 
information such as type of health effect (e.g., carcinogenicity) which can be used to 
make judgments. The regulatory agency, for example, may obtain and review EPA 
summaries of health and environmental effects produced for a particular 
constituent. These summaries include Health and Environmental Effects Profiles 
(HEEPs), Health Effects Assessment (HEA) documents, and other documents 
produced by EPA to summarize health and environmentat' effects for particular 
constituents. These documents are collectively known as Health and Environmental 
Effects Documents (HEEDs), and are available for many of the 40 CFR Part 261, 
Appendix Vll l  constituents through EPA's RCRA Docket and library, located a t  EPA 
Headquarters in Washington, D.C. A listing of all the HEEDs currently available is 

. 

. a 9  
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contained in the following document, which is also available through EPA's RCRA 0 Docket and library: 

U.S. €PA, 1987. Backqround Document, Resource Conservation and Recoverv 
Act, Subtitle C -- Identification and Listina of Hazardous Waste, Amendix A -- 
Health and Environmental Effects Documents. Office of Solid Waste. 
Washington, D.C. 20460. 

Additionally, the HEA documents can be obtained from the National Technical 
Information Service (NTIS). Table 8-3 presents a l i s t  of all chemicals for which HEAs 
are currently available, and also identifies the NTlS ordering number. 

If l itt le or no useful information regarding a particular constituent can be 
located, the initiation of a toxicity bioassay may be considered. The Technical 
Assessment Branch, Health Assessment Section of the Office of Solid Waste, located 
in Washington, D.C., may be contacted for toxicological information [(202)382- 
4761)]. This office may also be contacted to determine whether a toxicity bioassay 
for a particular constituent is planned or is in progress. Comparison of background 
concentrations (as action levels) to constituent concentrations in the release may be 
made by the regulatory agency when health and environmental effects information 
are not available. 

. 0 

Note also that the criteria presented in Tables 8-5 through 8-10 do not address 
all routes of exposure or forms of toxicity .which may be .of concern in particular 
circumstances.. For example, dermal toxicity (absorption of toxicants through the 
skin) may also be'of concern in particular cases. Phytoxicity (toxicity to plants) and 
other forms of environmental toxicity, such as terrestrial toxicity (toxicity to animals 
and birds) may also be of concern. Additional information regarding other routes 
of exposure and forms of toxicity may be obtained from the following reference: 

U.S. EPA. October, 1986. Suoerfund Public Health Evaluation Manual. EPA 
54011-68/060. NTlS PB87-183125. OSWER Directive No. 9285.4-1. Office of 
Emergency and Remedial Response. Washington, D.C. 20460. 

Worksheet 8-1 in Section 8.10 may be used to present release characterizatjo-n ::. . 
data and to facil i tate the comparison of constituent concentrations to h e a l t ~  a 295 
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TABLE 8-3 

CHEMICAL AND CHEMICAL GROUPS HAVING EPA HEALTH 
EFFECTS ASSESSMENT (HEA) DOCUMENTS1 

CHEMICAL NTIS2 PB NUMBER 

Acetone 86 134277lAS 
Arsenic and Compounds 86 1343 191AS 
Asbestos 86 134608lAS 
Barium and Compounds 86 134327lAS 
Benzene 86 134483/AS 
Benro (a) pyrene. 86 134335lAS 
Cadmium and Compounds 86 1344.91lAS 
Carbon Tetrachloride 86 134509lAS 
Chlordan e 86 134343lAS 
Chlorobenzene 86 1345 17lAS 
Chloroform 86 13421OJAS 
Chromium Ill and Compounds 86 134467lAS 
Chromium VI and Compounds 86 134301lAS 
Coal Tars 86 134350/AS 
Copper and Cdmpounds 86 134368lAS 
Cresol 86 13461 6/AS 
Cyanides 86 134228114s 
DOT 86 134376lAS 
1,l-Dichloroethane 86 134384lAS 
1,2-0ichloroethane (DCE) 86 1341 37lAS 
1,l-Dichloroethylene 86 134624AS 
1,2-cis-DichloroethyIene 86 134269lAS 
1,2-trans-DichIoroethylene 86 134525iAS 
Dic h I or0 methane 86 134392lAS 
Ethylbenzene 86 134194AS 
Glycol Ethers 86 134632lAS 
Hexachlorobenrene 86 134285lAS 
Hexachlorobutadiene 86 13464OlAS 
Hexachlorocyclopentadiene 86 134129/AS 
gam ma- Hexach lo rocyclo h exa n e (Linda ne) 86 134673iAS 
Iron and Compounds 86 134657lAS 
Lead and Compounds (Inorganic) 86 134665iAS 

=*- 2.2 1 
s <:' 
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TABLE 8-3 (Continued) 

CHEMICAL AND CHEMICAL GROUPS HAVING EPA HEALTH 
EFFECTS ASSESSMENT (HEA) DOCUMENTS1 

CHEMICAL NTIS2 PB NUMBER 

Manganese and Compounds 86 13468 11AS 
Mercury 86 134533lAS 
Methyl Ethyl Ketone 86 134145lAS 
Naphthalene 86 13425 11AS 
Nickel and Compounds 86 134293lAS 
Pen tach lo ro p h enol 86 134541lAS 
Phenanthrene 86 134400lAS 
Phenol 86 134186lAS 
Polychlorinated Bi p heny Is (PCBs) 86 1341 52lAS 
Polynuclear Aromatic Hydrocarbons 86 134244lAS 
Pyrene 86 134418lAS 
Selenium and Compounds 86 134699lAS 
Sodium Cyanide 86 1332361AS 
Sulfuric Acid 86 134426lAS 
2,3,7,8-TCD0 (Di oxi n ) 86 134558lAS 
1 , 182,2-Tetrachloroethane 86 134434lAS 
Tetra c h I o roet h y I e ne 86 134202lAS 
Toluene 86 134442IAS 
1 , 1,l -Trichloroethane 86 1341 60JAS 
1 , 1,2-TrichIoroethane 86 134566lAS 
Trichloroethylene 86 134574JAS 
2,4,5-TrichlorophenoI 86 134459JAS 
2,4,6-Trich lo ro p h en 01 86 134582lAS 
Vinyl Chloride , ~ 86  134479AS 
Xylene 86 1341781AS 
Zinc and Compounds 86 134590lAS 
Complete Set of 58 HEAs 86 1341 111AS 

0 

1 As of the  date of publication for this guidance document. 

2 National Technical Information Service. 
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environmental criteria. Additional worksheets are provided for evaluating hazards 
posed by mixtures of constituents. Evaluation of chemical mixtures is discussed in 
the following section. 

I 

a. s Evaluation of Chemical Mixtures 

There are several situations when the overall potential for adverse effects 
posed by multiple constituents may be assessed. For example, if no individual 
constituent exceeds i t s  action level in a given medium, -but there are many 
-constituents present in the medium, the overall (additive) health risk may be 
assessed to determine whether a CMS may be required. In other cases, an 
evaluation of the health risk posed by a mixture of constituents may be used in 
assessing the need for interim measures, particularly where exposure is actually 
occurring. The Guidelines for the Health Risk Assessment of Chemical Mixtures (US. 
EPA, 1986) describe the recommended approach to be used in evaluating the 
chronic effects of exposure to a chemical mixture. According to  the guidelines, a 
mixture is defined as "any concentratiw of two or more chemicals regardless of 
source or of spatial or temporal proximity.' Under-th&e guidelines, additivity of 
effects for carcinogens can be assumed. The guidelines also allow for additivity of 
systemically toxic constituents which cause similar systemic effects. Carcinogens and 
systemic toxicants must be evaluated separately. When evaluating mixtures of 
systemic toxicants, constituents should be grouped by the same mode of 
toxicological action (i.e., those which induce the same toxicological endpoint, such 
as liver toxicity). 

. 

The overall risk posed by a mixture of constituents is evaluated through the 
use of a Hazard Index (HI) that is generated for each health endpoint. For systemic 
toxicants, the.hazard index (HIT) takes the form: 

n Ei 
HIT = C - 

i = l A L i  

where 

n = total number of toxicants; 

-rzga Ei = exposure level of the ith toxicant; and 

(Equation 8-3) 
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ALi = maximum acceptable level for the ith toxicant. 

The  hazard index for carcinogens (HIc) is similar: 

HIc = n Ej 
c -  
i = l D R j  

where 

(Equation 8-4) 

n = total number of carcinogens; 

Ej = exposure level to the j th  carcinogen; and 

DRj = dose at a set level of risk for the jth carcinogen. 

If any calculated hazard index exceeds unity (i.e., one), then  the need for 
I 

interim corrective measures and/or a CMS may be assessed. > 

The use of the hazard index in the evaluation of chemical mixtures is described 
below for an example case in which three carcinogens were measured within a 
contaminant release. Trichloroethylene and carbon tetrachloride levels 'in the 
ground water were measured at  2 and 1 pg/l, respectively. A breakdown product of 
carbon tetrachloride, chloroform, was also measured at  a level of 3 pg/l. None of 
these concentrations exceed the individual criteria presented in Tables 8-5 through 

. 8-10. (The MCL for both trichloroethylene and carbon tetrachloride is 5.0 UgA, and 
the carcinogenic criteria for chloroform is 5.7 ug/I.) However, the hazard Index (HI,) 
for these three chemicals exceeds unity. Rewriting Equation (8-4) in terms of the 
measured concentration (Ej) and the criterion concentrations (DRj) shown in Tables 
8-5 through 8-10 gives: 

HI< = 2 uS/l + 1 uq/l + 3 uq/l 
5.0 pg/l 5.0 pg/l 5.7 pg/l 

Hlc = 0.4 + 0.2 + 0.53 

Thus, in this situation, the need for interim corrective measures and/or a CMS 
may be  assessed. 224 
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a 
Contaminant additivity is possible both within a medium and across media. 

When appropriate, the regulatory agency may use the hazard index approach for 
multiple contaminants within a given medium to help determine the need for 
interim corrective measures and/or a CMS. Similarly, contaminant additivity may be 
applied across media, especially when site-specific factors indicate a likelihood of 

. chronic exposure to  constituents from multiple media. Information on the 
toxicological effects of individual systemic toxicants may be found in the HEEDS, and 
the IRIS data base, referenced earlier. 

. Worksheet 8-2 (Section 8.10) provides a format that the regulatory agency 
may use to  assessthe toxic effects of chemical mixtures based on the hazard index. 
An example case worksheet is also presented. 

8.6 Evaluating Deep Soil and Sediment Contamination and Use of Statistical 
Procedures for Evaluating Ground-Water Contamination 

As indicated previously, determining whether deep soil and sediment 
contamination warrants consideration of interim corrective measures and/or a CMS 
may involve the application of specific exposure assumptions and consideration of 
other factors. Guidance regarding these topics is presented in Subsections 8.6.1 and 
8.6.2. This guidance may be revised in future editions of this document as a result of 
ongoing EPA studies. Subsection 8.6.3 presents a discussion on statistical 
procedures that may be used for evaluating ground-water contamination. 

8.6.1 Deep and Surficial Soil Contamination 

As described in the Soil Section of this Guidance (Section 9), releases of 
hazardous waste or constituents to soil can be described as surficial or deep. 
Surficial soil is generally described as the top 2 feet of soil; in site-specific conditions, 
it may extend to 12 feet. Land use that involves housing developments is an 
example of when the surficial soil depth may extend to 12 feet, because foundation 
excavation may result in deep contaminated soils being moved to the surface. 

Because of the potential for inter-media transport of contamination, the 
po t&GT routes for exposure to  rurficial soil contaminants are soil, air, surface 

225 
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water, and ground water. While air, surface water, and ground-water routes are al l  
important, the most relevant and major route of exposure is through direct contact 
with and/or ingestion of soil. 

Surficial soils may be contaminated with organics, inorganics, organometals, 
or a combination of these. A t  high concentrations, some contaminants will cause a t  
least irritation a t  the point of skin contact. For many contaminants, however, 
toxicity occurs after they pass through certain barriers (e.g., the wall of the 
gastrointestinal tract or the skin itself), and enter blood or lymph, and gain access to 
various organs or systems of the body. Generally, because of the chemical forms in 
which metals are usually found in soils (e.g., salts, ligand, and chelate complexes), 
the concern is with their ingestion rather than with dermal contact. 

Surficial soil contaminated with lead and/or cadmium presents a unique health 
risk to children because of the possible ingestion of contaminated soil through their 
normal exploratory behavior, coupled in some instances with pica, and because of 
the cumulative nature of lead and cadmium poisoning. 

Currently, there is no verified Reference Dose (RfD) or Risk Specific Dose (RSD) 
for lead. The Carcinogen Assessment Group (CAG) of ORD is evaluating lead as a 
potential human carcinogen via the oral route of exposure and is currently working 
on estimating a Cayinogenic Slope Factor (CSF) for lead based on current toxicity- 
studies. The Agency is also attempting to develop a RfD for lead based on new 

. toxicological data on the non-carcinogenic, neuro-behavioral effects of lead 
exposure. It is not likely, however, that either 'the RfD or the RSD will be developed 
and approved soon. 

1 

Another metal of concern is cadmium. Although the Agency has not formally 
approved an RfD for cadmium, a value of 0.0005 mg/kg/day will likely be approved 
as an RFD. This value would translate to an acceptable soil level of 9 mg/kg., 

Toxicological information on lead and cadmium are undergoing extensive 
Agency review, and decisions on relevant health-based standards are currently 
being made. The Intearated Risk Information Svstem (IRIS) chemical files should be 
searched periodically for updated material concerning lead and cadmium. 

$'$ 
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The criteria discussed in Section 8.4 that apply to soil (and shown in Tables 8-6 a 
and 8-7 in Section 8.10) pertain to ingestion of surficial soils. Because ingestion of 
deep soils may not be a likely exposure scenario, different evaluation methods may 
be used for deep soils, as descri bed below. 

In making the determination of whether interim corrective measures and/or a 
CMS should be considered for deep contaminated soils, the regulatory agency may 
evaluate the potential for the contamination within deep soils to  contaminate 
underlying ground water. I f  the potential exists for contaminated deep soils to 
release hazardous constituents to ground water, such that the criteria levels for 
ground water discussed in Section 8.4 may be exceeded, interim corrective measures 
and/or a CMS will be considered. This applies not only to situations where ground 
water has not yet been impacted by deep soil contamination, but also to situations 
where deep contaminated soils are acting as a continuous source of contamination 
to already contaminated ground water. In addition, the regulatory agency may 
apply this evaluation to surficial soils, particularly in cases where the soil ingestion 
criteria (Section 8.4) are not exceeded and where the surficial soil may pose a future , 
'or.continuing threat to ground wateq. 

In order to determine whether contaminated soils pose a future or continuing 
threat to ground water, leaching tests and/or other evaluation procedures may be - 

perfo,rmed on representative samples of contaminated soils following the guidance 
presented in Section 9.4.413. If the concentration of constituents of concern 
measured in leachate resulting from leaching tests and/or ot6er procedures exceeds 
the applicable criteria for ground water discussed in Section 8.4, interim corrective 
measures and/or a CMS may be necessary, unless the owner or operator 
demonstrates (following the guidance presented in Section 9.4.4.3) that 
attenuation and other mechanisms will reduce these concentrations to acceptable 
levels prior to  entry into the ground water. 

Case Study No. 16 in Volume IV (Case Study Examples) illustrates the 
application of leaching tests and the evaluation of other site-specific information to 
determine whether contaminated soil poses a threat to ground water. 
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8.6.2 Sediment Contamination 

As with deep contaminated soils, direct human exposure to contaminated 
sediments underlying surface waters is unlikely. However, such sediments may pose 
risks to both the surface water ecosystem and humans due to toxicity and/or 
bioaccumulation and biomagnification through the food chain. The regulatory 
agency may therefore assess the potential for contaminated sediments underlying 
surface water to  act as a continuing or future source of contamination to the water 
column, to aquatic 1ife.that may be present in the surface water, and consequently 
to humans who may ingest the surface water and/or the aquatic life within the 
surface water. 

Section 13, in addressing releases to surface water, recommends that, 
whenever metal species or organic constituents having bioaccumulative potential 
are known to be present in bottom sediments (or in the water column), 
biomonitoring (e.g., sampling and analysis of aquatic species) be conducted. If 
potentially bioaccumulative organic or inorganic contaminants (as discussed in 
Section 13) are measured in the aquatic species of interest, interim corrective 
measures and/or a CMS may be necessary. 

If other hazardous constituents (e.g., those which are not known to be 
potentially bioaccumulative) are measured in the sediment that can be 
subsequently released from the sediment into the surface-water column a t  
concentrations above the applicable criteria discussed in Section 8.4, interim 
corrective measures and/or a CMS may also be required by the regulatory agency. 

However, the owner or operator may attempt to show that constituents 
within the sediment have not bioaccumulated or will not bioaccumulate. The 
owner or operator may also attempt to show, through use of static or flow-through 
testing (i.e., analysis of water or aquatic species following a period of contact with 
the contaminated sediment) or through the use of chemical stability/solu bility 
information, that sediment contaminants will not be released to the water column 
in concentrations that would exceed the applicable criteria discussed in Section 8.4. 

It should also be noted that €PA is working to establish numerical sediment 
quality criteria that can be applied on a site-specific basis, depending primafl~iy.~on 

- <  a 
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the physicalkhemical characteristics of the sediment (e.g., sediment organic carbon 
content). The approach being investigated to assessing sediment contamination 
exami n es the correspondence between sed i ment con tam i n a n t concentration , 
laboratory bioassay, and in situ assessments of biomass and species divekity. 
Although these criteria are still in the development/validation process, when issued, 
they may be applied in the case of sediment contamination to determine whether 
interim corrective measures and/or a CMS may be necessary. Contact the €PA 
Criteria and Standards Division for additional information a t  (202) 475-7301. 

3 

8.6.3 Use of Statistical Procedures For Evaluating Ground-Water 
Contamination 

On October 11, 1988, EPA promulgated the final rule for Statistical Methods 
for Evaluating Ground-Water Monitoring Data From Hazardous Waste Facilities (53 
FR 39720). This rule, part of 40 CFR Part 264, Subpart F, requires ground-water 
monitoring a t  permitted hazardous waste land disposal facilities to detect ground- 
water contamination. This rule amends the requirement .that the Cochran's 
Approximation to the Behrens Fisher Student's t-test (CABF), be applied to ground- 
water monitoring data to determine whether there is a statistically significant 
exceedance of background or other allowable concentration levels of specified 
chemical parameters. Concerns with the CABF procedure were brought to EPA's 
attention, and after a review of comments on the procedure, €PA promulgated 5 
different statistical methods that are more appropriate for the analysis of ground- 
water monitoring data. These 5 methods are 1) Parametric analysis-of-variance, 
2) Analysis-of-variance based on ranks, 3) Tolerance intervals, 4) Prediction intervals, 
and 5) Control charts. 

Analysis-of-variance models are used to analyze the effects of an independent 
variable on a dependent variable. For ground-water monitoring data, a well or 
group of wells is the independent variable, and the aqueous concentration of 
certain constituents or of a specified contaminant or contaminants is the dependent 
variable. An analysis-of-variance can determine whether observed variations in 
aqueous concentrations between different wells or groups of wells are statistically 
significant. Use of analysis-of-variance models is appropriate in situations where 
background concentrations for the specific constituent can be determined. 

".. 229 
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Tolerance intervals define, with a specified probability, a range of values that 
contain a discrete percentage of the sample population. With ground-water 
monitoring data, tolerance intervals can be constructed with concentrations from 
the background well(s); these intervals are then expressed as an interval centered a t  . . 

the mean background well concentration. Possible ground-water contamination is 
indicated when concentrations of the specified constituent(s) a t  the compliance 
well(s) plot outside of the tolerance interval limits. 

@ 

Prediction intervals are intervals in which the user is confident a t  a specified 
percentage that the next observation will lie within the interval, and are based on 
the number of previous observations, the number of new measurement to be made, 
and the level of confidence that the user wishes to obtain. This method of statistical 
analysis can be used in both detection and compliance monitoring programs. It is 
useful in a detection monitoring program when constituent concentrations from 
individual compliance wells are compared to one or more background wells. The 
mean concentration and standard deviation are estimated from the background 

In a compliance monitoring program, prediction intervals are 
constructed. from compliance well concentrations beginning when the facility 
entered the compliance monitoring program. Each compliance well observation is 
tested to determine if it lies within the prediction interval, and if it is greater than 
the historical prediction limits, quality has deteriorated to such a point that further 
action may be warranted. 

. well sample. 

Control charts are based on repeated random sampling done over various time 
intervals from the population distribution of a given variable. Different statistical 
measurements, such as the mean of replicate values a t  a point in time, are 
computed and plotted together with upper and/or lower predetermined limits on a 
chart whose x-axis represents time. When a data point plots outside these 
boundaries, the process is "out of control", and when it plots within the bound.aries 
the process is "in control". Control charts can be used to analyze the inherent 
statistical variation of ground-water monitoring data and ' to  noie aberrations. 
Further investigation of out of control points is necessary before taking any direct 
action. Control charts are also used to evaluate ground-water monitoring data 
when these data are adjusted and/or transformed as necessary. A control chart can 
be constructed for each constituent in each well to monitor the concentration of 

. 
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that constituent over time. New samples can be compared to the historical data 
from the well to determine if the well is in or out of control. 

The October 11, 1988 final rule (53 FR 39720) should be reviewed for further 
information. In particular, the rule provides a glossary of some of the terminology 
commonly used in the field of statistics, which may be particularly helpful. The €PA 
Office of Solid Waste Land Disposal Branch may be contacted for further 
information a t  (202) 382-4658. 

8.7 Qualitative Assessment and Criteria 

Qualitative criteria may also be used to assess the need for interim. corrective 
measures and/or a CMS. Qualitative criteria for interim corrective measures are 
discussed in Section 8.8. Qualitative criteria for assessing the need for conducting a 
CMS are discussed below. 

The regulatory agency may require that a CMS be performed even though 
quantitative criteria (See Section 8.4) have not been exceeded. Circumstances under 
which such actions may be appropriate include the following:’ 

Presence of sensitive ecosystems or endangered species; 

0 Data indicating that release concentrations may be increasing over time; 
.I 

Information indicating that other contaminant sources may be. 
contributing to  overall adverse exposure; 

0 Information indicating that exposure routes other than those addressed 
by quantitative criteria (e.g., dermal contact and phytotoxicity) are 
important; and 

Additional exposure as a result of normal use of a contaminated medium 
(e.g., use of contaminated ground water or surface water for drinking as 
well as for washing, cooking, showering, watering the lawn, etc.). 
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The above list of circumstances is not exhaustive. The  regulatory agency may 0 identify other factors on a case-specific basis. . 

8.0 Interim Corrective Measures 

. If-interim corrective measures are determined to be necessary, population 
,exposure should be prevented-or minimized to the extent necessary and further 

. 'release migration should also be prevented or minimized.) The process of 
determining whether interim corrective measures should be taken, and the 
selection and implementation of such measures, is-similar to- removal actions that 

:-may be taken under CERELA (Superfund). In many cases, such action may be 
relatively simple (e.g., removal of drums from the land surface with proper storage 
or disposal), while in other cases more extensive action may be necessary. 

' 

J 

In evaluating whether interim corrective measures may be necessary, the 
regulatory agency will review pertinent information about the source and nature of 
the release or potential threat of release. The regulatory agency will apply scientific 
judgment in evaluating the potential threat to human health or the environment. 
The  decision to apply interim corrective measures will be made in consideration of I 

the immediacy and magnitude of the potential threat, the nature of appropriate 
corrective action, and t h e  implications of deferring corrective measures until the / 
RFVCMS is completed. The following factors will be considered in determining the . 

-need for interim corrective measures: 

0 

0 Actual or potential exposure of nearby human populations or animals to 
h a (a rdo us wastes or con st  i t u en ts ; 

1 

\ 

/ '1 Actual or potential contamination of drinking water supplies or sensitive 
I 

' i  . ecosystems; 
\ 

Presence of hazardous wastes or constituents in drums, barrels, tanks, or, 
other bulk storage containers that may pose a threat of release; < 

0 Presence of-high concentrations. of hazardous wastes or constituents i n ,  
soils largely at  or near the surface that may migrate readily to receptorsr 

-- __--  

\ 'or to which t h e  public may be  inadvertently or unknowingly exposed; - - 23% 
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Weather conditions that may cause hazardous wastes or constituents to 
migrate or be released; 

Threat of fire or explosion; and 

Other situations or factors that may pose actual or imminent threats to 
human health or the environment. 

.i 

Exceedance of any of the criteria discussed in Section 8.4 does not necessarily 
mean that interim corrective measures will be required. Although the regulatory 
agency should be notified if health and environmental criteria are exceeded, the 
overall circumstances will be considered by the regulatory agency in determining 
whether interim corrective measures should be applied. Notwithstanding this ) 

process, the owner or operator has a continuing responsibility to  identify and 
respond to emergency situations and to define priority situations that may warrant 
interim corrective measures. For such situations, the owner or operator should 
follow the RCRA Facility Contingency Plan as required under 40 CFR Part 264, 
Subpart 0 and Part 265, Subpart 0. 

It should also be noted that the regulatory agency may apply health criteria 
based on acute or subchronic effects, to the determination of the need for interim 
corrective measures.' For example, the EPA Office of Drinking Water has developed 
drinking water health advisories for a number of compounds, which address acute 
(1 day) and subchronic (10 day) exposures for both children and adults. A l is t  of the 
currently available drinking water health advisories is provided in Table 8-'10. 
Health advisory numbers may be periodically revised and can be found in IRIS. For 
further information on health advisory numbers, call the EPA Office of Drinking 
Water Hotline at (202) 382-5533 or 1-800-426-4791. 

The regulatory agency will base the decision on the need to apply interim 
corrective measures on a determination of the type and magnitude of the potential 
hazard and an evaluation of the likelihood and effects of actual or potential human 
or environmental exposures. For example, in the hypothetical case depicted in 
Figure 8-1, initial measurements a t  the indicated sampling locations identified 
constitgent concentrations in excess of health and environmental criteria. 

2'3.33 - 
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Accordingly, the owner or operator notified the regulatory agency immediately. 
The circumstances indicated that human population would be exposed to release 
constituents before definitive corrective measures could be selected and 
implemented. Therefore, immediate steps to address the hazard were required of 
the owner or operator. Examples of specific interim corrective measures are 
provided in Table 8-4. For additional information see RCRA Corrective Action 

\Interim Measures (U.S. €PA, 1987). 

0 

To determine whether an actual or potential threat to human health or the 
environment requires interim corrective measures, the regulatory agency will 
consider such factors as receptor locations, and rate and extent of release ' \  

migration. Worksheet No. 3 in Section 8.10.2 presents a list of questions that the 
regulatory agency may consider in making a determination. , 

The decision to apply interim corrective measures may involve estimates of the 
rate of release migration and an assessment of potential human or environmental 
receptors. Estimates of the rate of rglease migration .will generatly be based on 
simple calculations, analytical models, 6r well-understood numerical models. For 
example, the rate of contaminant migration in ground water is likely to  be based on 
time of travel (TOT) calculations or other simple methods for estimating rate. 
Additional information on determining media-specific migration and the 
characterization of exposed populations is provided in the Superfund Public Health 
Evaluation Manual (U.S. EPA, 1986) and the Draft Superfund Exposure Assessment 
Manual (US. EPA, 1987). In addition, information describing data requirements for 
exposure related measurements is expected to be published by the EPA Office of 
Research and Development Exposure Assessment Group in the Federal Register in 
late 1988 or early 1989. 

e 

As discussed above, the determination of the type and magnitude of the 
potential hazard posed by most contaminant releases will be accomplished as part 
of the assessment, including the comparison of projected or actual exposure 
concentrations to  the health and environmental criteria, as described in Section 8.4. 
However, the evaluation of subsurface releases of methane gas may pose a direct 
explosion hazard as a result of a concentration build-up (e.g., in building structures). 
Explosions of methane gas can occur a t  the Lower Explosive Limit (LEL) in t h e  
presence of a heat source (e.g., a spark). €PA has promulgated criteria for expllosiv 0 

~ . *  ' 934 
8-29 



TABLE 8-4 

EXAMPLES OF INTERIM CORRECTIVE MEASURES 

SOILS 
Sampling(AnalysiJDispora1 
Run-off/Run-on Control (Diversion or 
Collection Devices) 
Temporary Cap/COver 

GROUND WATER 
B DeiineationNerification of Gross 

D Sampling and Analysis 
B’ Interceptor Trench/Sump/Subsurface Drain 

Pump and Treat 
In-situ Treatment 

0 Temporary Cap/Cover 

Contamination 

SURFACE WATER RELEASE (Point and Non- 
Point) 
0 Overflow/Underflow Dam5 
0 Filter Fences 
0 Run-off/runsn Control (Diversion or 

Collection Devices) 
0 Regrading/Revegetation 
0 Sample and Analyze Surface Waters and 

Sediments or Point Source Discharges 

GAS MIGRATION CONTROL 
0 BarrierJColIection/Trcatment/Monitoring 
0 Evacuation (Buildings) 

EONTAINERS 
D OverpacURe-drum 
D 

D Segregation 
D Sampling and Analysis 
D Treatment, Storage and/or Disposal 
D Temporary Cover 

Construct Storage Area/Move to Storage 
Area 

rANKS 
D Overflow/Secondary Containment 
D Leak Detection/Repair/Partial or Complete 

Removal 

SURFACE IMPOUNDMENTS 
D ReduceHead 
D 

B 

D Provide Temporary Cover 
D Run-off/Run-on Control (Diversion of 

D 

Remove Free Liquids and or Highly Mobile 
Wastes 
3tabilize/Repair Side Walls, Dikes or Liner(s) 

Collection Devices) 
Sample and Analysis to  Document the 
Concentration of Constituents Left in Place 
When a Surface Impoundment Handling 
Characteristic Wastes is Clean Closed 

B Interim Ground-water Measures (See 
Ground-water Section) 

LANDFILL 
D Run-off/Run-on Control (Diversion or 

Collection Devices) 
Reduce Head on Liner and/or in Leachate 
Collection System 

0 Inspect Leachate Collection/Removal 
System or French Drain 

0 Repair Leachate Collection/Removal System 
or French Drain 

0 Temporary Cap 
0 Waste Removal (See Soils Section) 
0 Interim Ground-water Measures (See 

Ground-water Section) 
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TABLE 8-4 (continued) 

EXAMPLES OF INTERIM CORRECTIVE MEASURES 

PARTICULATE EMISSIONS 
0 Truck Wash (Decontamination Unit) 
0 Re-vegetation 
0 Application of Dust Suppressant 

I 

~~ 

NASTE PILE 
b Run-off/Runsn Control (Diversion to 

Collection Devices) 
b Temporary Cover 
b Waste Removal (See Soils Section) 
b Interim Ground-Water Measures (See 

Grou nd-water Section) 
~~ ~ ~~~~ 

OTHER TYPES OF ACTIONS 
0 

0 
Fencing to  Prevent Direct Contact 
Extend Contamination Studies to Off-site 
Areas if Permission is  Obtained as Required 
Under Section §3004(v) 

b Alternate Water Supply to Replace 
Contaminated Drinking Water 

0 Temporary Relocation of Exposed 
Population 

0 Temporary or Permanent Injunction 
0 Suspend or Revoke Authorization to 

Operate Under Interim Status 

:.i ’ 1 

a-3 1 



gases under the RCRA, Subtitle D program in 40 CFR Part 257.3. These criteria state 
that the concentration of explosive gases generated by the facility shall not exceed: 
(1) 25 percent of the lower explosive limit (LEL) for the gases in facility structures, 
and (2) the lower explosive limit for the gases a t  the property boundary. Where 
these criteria are being approached or exceeded, interim corrective measures for 
gas migration will generally be necessary. 
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8.10 Criteria Tables and Worksheets 

This section presents both the health and environmental assessment criteria 
tables and worksheets that the regulatory agency may use in conducting the health 
and environmental assessment. 

8.1 0.1 Criteria Tables 

The following are the health and environmental assessment criteria tables 
discussed in Section 8.4 and 8.8. Table 8-5 presents the Maximum Contaminant 
Levels (MCLs) promulgated under the Safe Drinking Water Act. Table 8-6 presents 
human health-based criteria for carcinogens (based on Risk-Specific Doses o r  RSDs). 
Table 8-7 presents human health-based criteria for systemic toxicants (based on 
Reference Doses or RfDs). Table 8-8 presents a summary of the EPA Water Quality 
Criteria developed under the Clean Water Act. Table 8-8 identifies individual 
constituents as well as groups of constituents (e.g., chlorinated benzenes). Table 8- 
9 presents a l is t  of all the individual constituents contained in the chemical groups 
identified in Table 8-8. Table 8-10 presents drinking water health advisories 
developed by EPA's Office of Drinking Water. 

. 
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Table 8-5 

Toxaphene 800 1 -3 5-2 0.005 

1,1,1-Trichloroethane 71-55-6 0.2 

Trichloroethylene 79-0 1-6 0.005 

2,4,5-Trichlorophenoxy acetic acid 93-76-5 . 0.01 

Vinyl chloride 75-0 1-4 0.002 

I 

I 

MAXIMUM CONTAMINANT LEVELS (MCLs) PROMULGATED UNDER THE 
SAFE DRINKING WATER ACT* 

These criteria are subject to change and will be confirmed by the 
regulatory agency prior to use. 
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Table 8-6. Health-Based Criteria for Carcinogens1 
~ ~~ ~- 

Oral Exposure Routs 603 mhalarion ExPosure qoute 
RS DJ - 

Water CSF Air 

(Ug'l) (mgikg/day)-' (pg:m)) 

909E-03 I 3.85E+00 909E-04 

CS F so11 
(mg/kg/daypl (mglkg) 

3.85% +Ob 1.82E-01 Acrylamide I 79-06-1 I B 

Acwlonitrile I 107-13-1 I 8 6.5 E -02 2.0E-01 1 5E-02 S.4E-01 1.30E *00 

1.7E+01 4.1E-02 

2.6E-02 2.7E +02 

I - 
Aldrin 

Aniline4 

Arsenie 7440-38-2 

3.12E+00 I 2.24E-01 l.12E-02 I 3.12Ec00 I 1 12E-03 

SeeMCL I 2.9E-02 I 1 2E-01 2.9E-02 

2.3E + 02 

Benzene' 

Benzidine 

Eento(a)pyrene' 50-32-8 8 

Beryllium4 7440-41-7 e 
Bir(2-chloroethyl) 11 1-44-4 B 

Bir(chloromethy1) . 542-88-1 A 

ether 

ether IBCMEP 

l.lE+OO I 6.4E-01 

9.45€+00 I 7.41E-02 

1 17-81 -7 I Bts(2-ethylhexyl) 
phthalate 

8.4E-03. I 8.3E+01 I -- I .. 
4.2E +0° I 

Cadmium . I 7400-43-9 I B 

Carbon tetrachloride I 56.23-5 I B 
Chlordane I 57.74-9 1 B 

I 106-8g-8 I 1 -Chlor0-2.3- 
e pony pr o pa ne 
(Eoichlorohvdrin) 

9.9E-03 7.1 E + 01 I 3.SE-00 1. &BE-03 I 7 3E-01 I 
6.1E-03 l . l € + 0 2  

9.4% +00 7.41E-02 t S7E-00 I,, 8.lE-02 4 3E-02 1 
3.70E-03 9 45E COO 3 70E-04 

Chloroform 

methyl ether" 
(CMMEI 

1 7440-47-3 I A 

Chromium 
(hexavalent) I -- -- SeeMCL I O.lE+Ol I 8%-05 1 

. 2.4E-01 2.9E +OO 
3.4E-01 2.1E+OO 

1 1.5E-01 I -- 
-- -- 1.OE-01 I I DOE I 72-55-9 I 8 

DOT I 50-29-3 I B 3.4E-01 2.1E +00 

4.90E + 01 1.43E-02 t 1 OE-01 3.4E-01 1 OE-02 

7 . 1 4 ~ ~ 4  4.90~ +oi  7 . i a ~ - o 5  Dibenr(a,h) 
anthracene4 I 53-70-3 I 

I 96-12-8 I 1.2-Dibromo-3- 
chloropropane4 

2.21E +01 3.17E-02 I 
Note: These criteria are subject to change and will be confirmed by the regulatory agency 

prior to use. 
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Table 8-6. (continued)l 

CAS 
40. 

Constituent 

1.2-Dlbromoethane I 106-934 

Dibuwlnitrasamine I 920-16-3 

1.2-31cnloroetnane 107-06-2 

60-57-1 

IDES) 

122-66-7 

Ethylene oxiaeJ 75-2 1-8. 

aiene 

p-dioxin 

Hexachloroethane 

Hydrazine 302-01 -2 
H yd razi n e su I fate 10034-93-2 

58-89-9 I -  Linoane (gamma - 
Hexachlorocyclo- I hexane). 

3-Metnyl- 

Nickel. ! 440b2.0 

1 ~~ 

Oral Exoosure Route A S S  mnaiation Exoosure -3oute 
RSOJ 

Class r 

C 6 OE-01 1 2E -31 See MCL * 2E -30 2 3E42 

2 Sf-31 8 7 SE-03 3 3E -01 4 7E -30 4E-02 

e I i.aE-01 I ~ . ~ E - o o  I 1 9 ~ . o i  I -- I -- I 

9 49OE-03 143E*02 7 1 4 E - O O  J331)E-03 7 :dE-8)1 

0 8.OE-01 8-8E-01 4 4E-02 8.OE-01 4 4E -03 

e I 3.50E-01 I2.OOE-00 I 100E-01 I 3 50E-01 I 1 OOE-02 

e I 4.5€+00 I 16E-01 I 78E-03 I 4SE-00 I 79E.114 
e 9.1E-00 77E-02 38E-03 9 1E-00 38E-04 

e 1 72Ec00 407E-01 2.03E-02 72E-02 203E-0' 

C 7 e ~ 4 2  9 . 0 ~  + o i  A S E  -00 7 8 ~ - 0 2  4 ji.01 

8 6.2Et03 1 1E-04 5 6E-06 6.2E - 03 5 6E-07 

e 3 OE -00 2 3E-01 1 2E-02 -- .. 
C 1 3E+00 5.4€+00 SeeMCL 1 3Ec00 2 7E.02 

e 9 4 5 ~  * O O  7 o i ~ - 0 2  3 70E-03 9 asE -00 3 7 0 ~ 4 4  

e 16SE-01 424E-00 2 72E-01 * 65E-01 2 '25-02 

Note: There criteria are subject to change and will be  confirmed by the regulatory agency 
prior to use. 

/ .  
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62-75-9 

62 1 -64-7 

B 5.1E + 0 1  

B 7.OE + 00 

Table 8-6. (continued)l 

I I OralEx ,sure Route RSDJ 

1 I inhalation Exposure Rou:e 
RSDJ 

Constituent 

12035-72-2 I A I *- Nickel subsulfide 1 7 E - 0 0  I Z.lE-03 I 
3.70E -03 - 
13E-02 

9 4 5 E + 0 0  I 3 70E-04 2-Nitropro~ane~ 

N-Nitrosodi- 
ethanolamine 

N-Nitrosodimethyl - 
amine (Dimethyl- 
nitrosamine) 

N-Nitrosodi-N. 
propylamine 

N-Nitroso-N- 
methylethylamine 

N-Nitroso-N-methyl 
urea4 

7.41E-02 

2.5E-01 

1 .OE-02 6.9E-04 5 .1E+01 I 6.9E-05 I 
1 .OE-01 . 5.0E-03 I -- 1 - - 
3.2E-02 
- 

1.6E-03 10595-95-6 I . 8 I 2.2E+01 1 - 1  -- 
684-93-5 I E I 3.01E + 0 2  2.33E-03 I 1.16E-04 3 0 1 E + 0 2  I 1.16E-05 I 
930-55-2 I B I 2.1E+00 3.3E-01 1.7E-02 2.1E-00 I 1.7E-03 I N-Nitroro- 

pyrrolidine 

PCE'S 
- 
4.5E-03 9.1 E-02- 1336-36-2 7.7E + 00 

2.56E-01 2.735 +01 1.37E + 00 Pentachloronitro- 
benzene4 

Perchloroethylene 
(Tetrachloro- 
ethylene) 

Pronamide (KerbY 

- 
6.9E + 00 

~ 

1 . 4  + 0 2  1 2 7- I 8-4 C S.lE-02 

-- 2 3950-58-5 C - 
50-5 5- 5 E 1.05E -01 

100-42-5 E . 3OE-02 

2.5E-01 

2E C O O  
Resernine4 3.3 3 E -03 - 

1.2E + 00 

6.67E-02 

2.3E + 0 1  Styrene 

1.1.2.2- 
retrachloroethane 

rhiourea4 

roxa o he n e 

3.50E +01 1.75E +00 I 79-34-5 C 2 .OOE -0 1 

62-56-6 I B I 1.9.3E +oo 
8001-35-2 I B I l . l E + O O  

3.63E-01 I 5.18E-02 

See MCL 

6.1E +00 
- 6.4E-01 

1.2E + 0 2  1.1.2- 
rrichloroethsno 

5-7E-02 6.1E-01 

~ ~~ 

rrichloroethvlono See MCL 

1 .E€ c 00 
- 794 1 -6 B 1 1E-02 

88-06-2 E 2.0E-02 

6.4E 401 

3.5E + 0 1  

13E-02 2.7E-01 
2.4.6- 
rrichlorophenol 

1 

2 

3 
4 

These criteria are subject to  change and will be confirmed by the regulatory agency prior 
to use. 
The €PA Carcinogen Classification system is discussed in 51 FR 33992-34003 (Guidelines for 
Carcinogen Risk Assessment) 
See Table 8-2 for the appropriate intake assumptions used to derive these criteria. 
Indicates criteria undergoing EPA review. 
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Table 8-7. Health-Based Criteria for Systemic Toxicants1 

I I I I I 

Acetone 67-66- 1 1EQ1 8E *03 4E +03 __ 
Acetonitrile 75-05-8 6EQ3 5E +02 2E c02 - 
Acetophenone 98-86-2 1E-01 8E *03 4E * 03 .- 

. I 

ldrin 309-00-2 

Allyl alcohol 107- 18-6 

Alurnlnurn ohosohide I 20859-73-8 

I 
. 

3E-05 2E +OO 1E +OO .- 

. SE-03 4E +02 2E +02 I 

4EQ4 3E+Ol . I 1E -01 .- 
7400-36-0 

7440-39-3 

542-62-1 

92-87-5 

7440-41-7 

4EQ4 3E +01 1E +Ol -- 
SE-02 4E +03 See MCL .. 
7E-02 6E +03 2E+03 - 
2E43 2E +02 7E +01 - 
SE-03 4E c02 2E + 0 2  I .- 

Chlorobenzene 108-90-7 -3E-02 2E +03 1E+03 .- 
1 -Chloro-2.3 106-89-8 2E-03 ZE +02 7E +01 -_ 
epoxy propane 
(Epichlorohydrin) 

Chloroform 67-66-3 1 E 4 2  BE *02 4E t o 2  . -- . 

I 

hrornturn (111) 16065-83-1 1E +00 8E +04 4Ec04 . I -- 

bis(2-ethylhexyl) 
phthalate 

.8rornodichlorornethane 
L 

Note: 

.I. 

1 17-81 -7 2E-02 2E +03 7E +02 - 
75-27-4 2E-02 2E +03 7E +02 7~ + a i  

These criteria are subject to change and will be confirmed by the regulatory agency prior 
to use. 
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Dichlorodifluoro- 75-714 2E-01 2E +04 7E +03 -- 
1 methane 
r 
1.1-Dichloroethylene 75-35-4 9E-03 

Dichloromethane 75-09-2 6E-02 5E - 03 2E +03 - 
(Methylene chloride) 

2.4 - OichloroohenoI 120-83-2 3E-03 2E -02 1E +02 1E + O l  

1.3-Dichloropropene 26952-23-8 3E-04 2E +01 1E +01 -- 

.. 7E *02 See MCL 

Table 8-7. (continued)l 

2,kOinitrophenol ' 51-28-5 . 2E-03 2E +02 7E +01 7E +00 

' Dinoseb 88-85-7 lE-03 8E1.01 4E +01 

I Diphenylamine 127-39-4 3E-02 2E + 0 3  1E +03 - 
, Olsulfoton 298-04-4 4E-05 3E COO l E * O O  - 

Dieldrin I 60-57-1 I 5E-05 I 4E+00 I ,?€LOO I -- . I  

Endosulfan 

Endothal 

1 Diethyl phthalate I 84-66-2 I 8E-01 I 6E+04 .I 3E+04 I _- 

1 15-29-7 5E-05 4E +00 2E +oo 2501 

145-73-3 2E-02 2E + 03 ?E +02 - 

I Dimethoate I 60-51-5 I 2E-02 I 2E+03 I 7E*02 I .. 

Endrin I 72-20-8 I 3E-04 I 2E+01 I SeeMCL I lE+OO I 

Methomyl 16752-77-5 3E-02 2E +03 1E +03 -- 
Methyl ethyl ketone 78-93-3 5E-02 4E +03 ZE + 03 ._ 
Methylisobutyl- 108-1 0-01 5E-02 4E *03 2E +03 I 

ketone 
t d 

Note: These criteria are subject to change acd will be confirmed by the regulatory agency 
to use. 
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Table 8-7. (continued)l 

Sodium cyanide I 143-33-9 4 5 0 2  I 3E -03 , E  +03 .- 
S trycn n I ne 51-24-9 3E-04 2E co1 1E c o t  -- 
Styrene 100-42-5 2E-01 2E -04 7E -03 -- 
1.2.4.5- 95-94-3 3E-04 Z E  601 1E -01 ' E  coo 

I I 

Tetrachlorobonrrn. 

Note: These criteria are subject to change and will be confirmed by the regulatory agency 
prior to use. 

.;< - , .I . 
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Trichloroethane 

Trichloromono- 75-694 3E41 2E+04 1E+04 - 
fluoromethane 

2.4.5- 95-95-4 1 E41 8E +03 4E +03 4E +02 
Trichlorophenol 

r 

2.4.5-Trichloro- 93-76-5 3E-03 2E +02 See MCL - 
phenoxy acetic acid 
(2.4.5-T) 

1.1.2- 598-77-6 5E-03 4E + 02 2E +02 - 

1.2.3- 96- 184 1 E43 BE +01 4E +01 I 

Vanadium 13 14-62-1 2E-02 2E +03 7E +02 - 
pentoxide 

Warfarin 81 -81 -2 3E-04 2E +01 1E +01 - 
Xylene (total) 1330-20-7 2E +00 2E +OS 7E +04 - 
Zinc cyanide 557-21-1 5E-02 4E +03 2E +03 I 

Zinc phosphide 13 i4-a4-7 3E-04 2E -01 1 E  +01 

Trichloroorooane 

Trichloropropane 
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WATER 
CONCENTRATIONS IN ug/L 

FOR AQUATIC LIFE 

'#AZR C0NCENTRAT:ONS IN 
UNITS PER LITER 

FOR HUMAN EXPOSURE 

Fresh 
Chronic 
Criteria 

Water 
Marine Marine and Fish 
Acute Chronic Fish Consumption 

Criteria Criteria Ingestion Only 

1.3 I 0.074na9 0.079na9 

2.6008 I 0.058ug9 
~~~ ~~ 

0 .65~99 

1.6008 

- aa8 

146ug 45.000 uq 

2.2ng9 17 Sng? 

2.3198 138 

5,1008 7008 0.66~99 a u g 9  

0.1 2 n ~ 9  0 53na3 

Table 8-8. Water Quality Criteria Summary1 

Date 
Reference Chemical 

Fresh 
Acute 

Criteria 

1.7008 

688 

- - Acenaothenelt 

218 I 558 I I 320ua I 780ua 1980F.R 

7 SBOFR 1 Acrylonitrile 7,5508 

3 .O 
- 

IATd rr n 1980FR 

I Alkalinitvl l 
~ 

20,000 

IAnttmonv 9.0008 ' 98OF1 

i 9 8 0 ~ ~  - 
8508 Arsenic (PENT) 

3 60 - 
I 30k f ~ 9  I I I 1960FR 

? 966i9 

I Benzene 5.3008 7 980FQ 

2.5008 '980FR 

1308 5.38 I I 6.8ng9 1 ? 7ng9 

I 0.348 I I 
7980FR Beryllium * Cadmium 

1008 

3.9' 
- '980FR 

.! 985iR 1 1 7  43 ' 9 3  IOU9 

0.4ug9 6.94uq' . 50.0008 Carbon I tetrachloride 
35.2008 

IChlordane 2.4 1980FR 0.0043 0.09 0.004 O.46ng9 0 48ng3 

501 1608 1298 - 488ug Chlorindated I Benzenes 
2508 1980FR 

Chlorinated I NaohthalenM 
1,600' I 758 I r 1980FR 

19 

238.0008 
- - Chloroalkyl €theni1 

Note: These criteria are subject to  change and will be confirmed by the regulatory agency prior to  
use. 
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Fresh 
Chronic 
Criteria 

~~ 

Marine Marine 
Acute Chronic 

Criteria Criteria 

Water 
and 
Fish 

Ingestion 

~ 

Fish 
Consumption 

Only 

0.041 0.01 1 0.0056 

Table 80.8. (continued)l 
- ~~ -~ 

WATER 
CONCENTRATIONS IN ug/L 

~~p 

WATER CONCENTXATIONS I N  
UNITS PER LITER 

FOR HUMAN EXPOSURE FOR AQUATIC LIFE 
Date 

Reference Chemical 

fresh 
Acute 

Criteria - 
:hloroethyl ether 
BlS-2). 

198OFR 

:hloroform 28.9008 - 1,2408 -tt 4.36mg 
34.7ug I 1980FR 

~~~ ~~ 

:hloromethyl ether 
BIS) 

1980F R 

’980F3 :hloroahenol 2” 2.000~ 

29.7008 

toyo I . 
1980FR :hlorophenoxy 

lerbicides (2.4.5-TP) 

:hlorophenoxy 
lerbicides (2.4,-0) looUg I 1976FR 

0.083 

308 
- 

:hloro-4 methyl-3 
ihenol 

:hromtum (TRI) 210’ I 10.3008 I 
I 

127 2.9 2.9 

‘22 

1 .l 
- - 

1,0508 

-5.2 I 1 I . 1 200ug l98SFR 

0.02bnq9 0.024nq3 1980F 9 

I 148 I I I l98OFR - 
0.068 

I I I 

I 
IOT Metawlite 
rDE) 

Iemeton I 0.1 0.1 

iibutyl okthalate 

Iichlorobenrenes 7638 1.9700 

0.01ug9 1 0.020uq3 I 1980F3 

Note: These criteria are subject to change and will be confirmed by the regulatory agency prior to 
use. 
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Table 8-8. (continued)l 

WATER 
CONCENTRATIONS IN ug/L 

FOR AQUATIC LIFE 

WATER CONCENTRATIONS IN 
UNITS PER LITER 

FOR HUMAN EXPOSURE 

Water 
Fish 

lngesti on Only 

I Chemical’ 1- Date 
Reference 

‘ I  Fresh Fresh I Acute I Chronic 
Criteria Criteria 

Marine 
Acute 

Cri teria 

Marine 
Chronic 
Criteria 

~~ ~~ 

bGhloroethane 1.2 I 118.00OfJ I 20.0008 113.0008 I 
224.0008 I 0.033ua9 I 185ua9 I 1980FJ lchloroeth ylener 1 1.6008 

ichloroDhenOl2.4 2.0208 3658 

IchlorODroDana 23,OOOi - 5,7008 

6,0608 2448 

10.3008 I 3.0008 I . I 1980FR 

87ug 14.lmg 1980FR 

0.071 ng9 0.076nq9 1980FR 0.71 . I  ,0019: icldrin 2.5 0.0019 

tetkvl Phthalate 350mg 1 89 198OF3 

1980FR 2irnethyI phenol 2.4 2.1 20° 

2imethyl phthalate 313ma 1 2.9a I 1980FR 

bmitrotoluene 2.4 I I 0.1 1 ug9 9.1 ug9 1980FR 

7 0 ~ ~  . . 143ua 1980FR 

I I 1980FR 

i 3 . a ~ ~  I 76Sua I 1 9 8 0 ~ ~  inmodresol  2.4 

0.00001~ 0.000013 I 0.000014ng9 b 1984FR 
ng9 I 

blohenylhydratine I 2708 I I 1.2 I I 
t-2-ethyl hexyl 

ndosulfan 0.034 I 30087 74ug 159ug 1980FR 

1 U Q  1980FQ (Endrin I 0.18 I 0.0023 0.037 

4308 
- 0.0023 

I 
14mg 3.28mg 1980FR 

42ug 54Uq 1 98oFa kluorantnene I 3.9801 1 000 I 168 

I ases. TotaP.11 
Issolved 

kiuthionil I I 0 0 1  I I ‘976R8 

Note: These criteria are subject to change and will be confirmed by the regulatory agency prior to 
USe. 

249 
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Table 8-8. (continued)l 

WATER CONCENTRATIONS iN 

Oate 
Reference 

1980FR 

1980FR 

1980FR 

198OFR 

1980FR 

1980FR 

1980FR 

198OFR 

1976R8 ' 

1976R8 

1976R8 

1976RB 

1980FR 

198OF R 

Note: These criteria are subject to change and w ~ l l  be confirmed by the  regulatory agency prior to 
use. : .-\ 

I 4Jp-30 
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v 
WATER 

FOR AQUATIC LIFE 
CONCENTRATIONS IN 

Water 
and 
Fish 

lnaestion 

Fish 
Consumption 

Onlv 

Nitrosamines 5,6508 3.300kOO 

Nitrolodi butyl- 
'amine N 

. 

Table 8-8. (continued)l 

Date 
Reference 

Chemical 

Acute Chronic Acute 
Criteria Criteria Criteria 

Marine 
Chronic 
Criteria - 

I Nitrobenzene I 27.0008 I I 6.6808 

I lg8OFR 

587ng9 I 6.4ng9 

I Nitrosodiothyl- I amine N I I 
I I  

~~ ~ ~~ 

Nitrosodimethyl- I amine N 

Nitrosodiphenyl- 
amine N 

Nitrosooyrrolidine N 16ng9 1 91.900ng9 1980FR 

I 1976R8 

I Parathion I 0.065 I 0.013 I 
I PCE'S I 2.0 I 0.014 I 10 0.03 

Pentachlorinated I 7.2408 I 1.100* I 3908 I Ethanes 
2818 l98OFR 

Pentachloro- I benzene I I  
. 7.98 1.Olmg 1966iR 

1976R8 6.5-8:5 pn 1 1  63-9 , 
Phenol 10.2008 I 2.5608 5 .aoor 

0.1 I Phosohorus 
Elementall1 

Phthalate Erten 9008 35 2.9008 

Polynuclear 3008 
Aromatic 
Hydrocarbons 

Selenium 2 60 3s 41 0 

L 

I 

L 

3.48 I 

54 

Note: These criteria are subject to change and will be confirmed by the regulatory agency prior to 
use. 
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Table 8-8. (continued)l 

L 

WATER WATER CONCENTRATIONS IN 
CONCENTRATIONS IN ug/L 

FOR AQUATIC LIFE 
UNITS PER LITER 

FOR HUMAN EXPOSURE I 1- Acute Chronic 

Criteria Criteria 
Soitds Oiisolvea and 

Solids Suspended I and TurbiditvJ.1' 

Sulfiae-H ydrogen 
. I Sulfide 

l~errachlorinated I 9.3208 I 
Etharer I I 
Tetracnioro- 

Tetracntoroetkane 2.0008 
1.1.2.2 

Tetrachloroetnanes 9.3208 

Tetrachloro- 5.2808 8008 
. erhylene 

Tetrachlorophenol 
2.3.5.6 

Thallium 1.4008 

Toluene 17.5008 

Toxaohene 0.0002 

Trichlorinatea .I 8,0008 
Ethanes 

Trichloroetnane 9,0008 

2.4.5 

Vinyl Chlorioe 

ZlncII 1207 1 1 0 7  

Acute I Chronic [ Fish IConsumption 
I naestion Onlv I 

-1 Reference 

1 I 
1 

~- 

1980FR 

38ug 48ug 1980F3 

9.0208 0.1 tug9 10.7ug9. i 9 8 0 ~ ~ 1  

2.0008 2.7ug9 9 0 . 7 ~ 9 9  '98OF9 

2.600ug *:98OFR , 

1 . 2 ~ 9 9  3 . 6 ~ 9 3  198OFR 

2ugJ 525ug9 1980F3 

95 86 !98?ES 

Note: These criteria are subject to change and will be  confirmed by the regulatory agency prior to 
use. - ~ ' 3  

- 2 5 i  
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Footnotes foiTable 8-8: 

1 This table is for general information purposes only; see criteria documents or 
detailed summaries in Qualitv Criteria for Water 1986 for more information. 
These criteria are subject to change and will be confirmed by the regulatory 

- agency prior to use. 

2 

3 

4 

5 

6 

9 

8 .  

9 

10 

11 

Criteria are pH and temperature dependent - See Document (1) 

For primary recreation and shellfish uses - See Document (1) 

Narrative statement - See E . cument (1) 

Warmwater and coldwater criteria matrix - See Document (1) 

Species dependent criteria - See Document (1) . 
Hardness Dependent Criteria (100 mg/l used) 

a Insufficient data to  develop criteria. Value presented is lowest observed 
effect level. 

Human health criteria for carcinogens reported for three risk levels. Value 
presented in this table is the 10-6 risk level. 

pH dependent criteria - 7.8 pH used. 

Indicates chemical or parameter not on Appendix VIII. The regulator)! 
agency will exercise discretion prior to requiring 'such chemicals or 
parameters to be monitored during the RFI. 

General- g .  = grams FR = Federal Register 
mg = milligrams RB = Quality Criteria for . 
ug = micrograms Water, 1976 

ng = nanograms 
f = fibers 

(Redbook) 
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Table 8-9. Individual Listing of Constituents Contained Within 
Chemical Groups identified in Table 8-8 

Chemical Group 
1 

Chlorinated Benzenes 

Chlorinated Ethanes 

Chloroalkyl Ethers 

I '  

Oichloropropane and I Dichloroorooene I Dihitrotoluene 

Haloethers 

Individual Constituents 

Chlorobenzene- . .  - -  

1,2,&Trichlorobenzene 
Hexachlorobenzene 
I ,2-Oichloroethane 
l,l, 1-frichloroethane 
Hexachloroethane 
1,l-Dichloroethane 
lI1,2-Trichloroethane 
Chloroethane 
Bis(chlorornethy1) ether 
Bi s(2-chl oroethyl ether 
2-Chloroethyl vinyl ether (mixed) 
2-Chloronaphthalene 
2,4,5-Trichl orophenol 
Parachlorometa cresol 
1,2-Dichlorobenzene 
1,3-Dich torobenzene 
1 ,&Dichlorobenzene 
3,3'-Dichkrobenzidine 
1,l-Dichloroethylene 
1,2-Trans-dichIoroethylene 
1,2-Dichloropropane 
1,2-DichIoropropylene ( 1,3-dichloropropene) 
2,CDi nitrotol uene 
2,s-Dinitrotoluene 
CChlorophenyl phenyl ether 
4-Bromophenyl phenyl ether 

Bir (2-chloroethgxy) methane 
Methylene chloride (dichloromethane) 
Methyl chloride (chloromethane) 
Methyl bromide (bromomethane) 
Bromoform (tri brornornethane) 
Dichlorobromomethane 
Trichlorofluoromethane 
Dichlorodifluoromethane 
Chlorodi bromomethane 

Bis (2-chloroisopropyl) ether i 
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Table 8-9. (Continued) 

Chemical Group 

litrophenols 

I i trosam i nes 

'hthalate Esters 

'olynuclear Aromatic Hydrocarbons 

indosulfan and Metabolites 

tndrin and Metabolites 
leptachlor and Metabolites 

'olychlorinated Biphenyls 

Individual Constituents 

2-Nitrophenol 
CNitrophenol 
2,dDinitrophenol 
4.6-bi nitro-o-cresol 
N-Nitrodimethylamine 
N-Nitrosdiphenylamine 
N-Nitrodi-n-orowlamine 
Bis (2-ethylhexyl) phthalate 
Butyl benzyl phthalate 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Diethyl phthalate 
Dimethvl ohthalate 
Bento(a) anthracene (1,2-bemanthracene) 
Benzo(a) pyrene 
3,dBentofluoranthene 
Bento(k) fluoranthene (1 1,12-benzofluoranthene) 
Chwene 
Acenaphthylene 
Anthracene 
Bento(ghi)Perylene (l,l-2:benzoperylene) 
Fluorene 
Phenanthrene 
Dibenzo(a,h)anthracene (1,256-di benzanthracene) 
lndeno (1,2,3-cd)pyrene 
Pvrene 
a-Endosulfan-AIpha 
p-Endosulfan-Beta 
Endosulfan sutfate 

~ 

Endrin 
Heptachlor 
Heptachlor epoxide 
PCB- 1242 (Arochlor 1242) 
PCB-12% (Arochlor 1254) 
PCB-1221 (Arochlor 1221) 
PCB-1232 (Arochlor 1232) 
PCB-1248 (Arochlor 1248) 
PCB-1260 (Arochlor 1260) 
PCB-l016(ArochIor 1016) 
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Legend for draft version of Drinkina W m t  Standards and Hea Ith Advisories table. 

Abbreviations column descriptions are: 

NIP D WR - National Interim Primary Drinking Water Regulation. Interim enforceable 
drinking water regulations first established under the Safe Drinking Water 
Act that are protective of public health to the extent feasible. 

MCLG - Maximum Contaminant Level Goal. A mn-enforceable concentration of a 
drinking water amtaminant that is protective of adverse human health 
effects and allows an adequate margin of safety. 

in water which is delivered to any user of a public water system. 
MCL - Maximum Contaminant Level. Maximum permissible level of a contaminant 

. RfD - Reference Dose. An estimate of a daily exposure to the human population 
that is likely to be without appreciable risk of deleterious effects over a 
lifetime. 

D WE L - Drinking Water Equivalent Level. A lifetime exposure concentration 
protective of adverse, noncancer health effects, that assumes all of the 
exposure to a contaminant is from a drinking water source. 

(*) The codes for the and HA, columns are as follows: 

F - final 

D' - draft * 

L - listed for regulation 

P - proposed (Phase II draft proposal) 

T - tentative (PhaseV) - 

Other codes found in the table include the following: 

NA - not applicable 

P S - performance standard 0.5 NTU - 1.0- NTU 

11 - treatment technique 
** - No more than 5% of the samples may be positive. For systems collecting fewer 

than 40 sampleSmonth, no more than 1% may be positive. 

'** - guidance 

t - Large discrepancies between Lifetime and Longer term HA values may occur 
because of the Agency's conservative policies, especially with regard to 
caranogenicity, relative source contribution, and less than lifetime exposures in 
chronic toxicity testing. These fadon can result in a cumulative UF (uncenainty 
factor) of 10 to 1000 when calculating a Lifetime HA. 

, 
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8.1 0.2 Worksheets 0 
Worksheets 8-1 and 8-2 may be used by the regulatory agency in comparing 

constituent concentrations in the release to health and environmental criteria. 
Example filled in worksheets are also shown. These worksheets address the 
following : 

8-1 : Comparison of individual contaminant concentrations with criteria 

8-2: Use of hazard indices for exposure to chemical mixtures. 

A questionnaire that may be used in determining if interim corrective 
measures are necessary is provided in Worksheet 8-3. Questions are posed to help 
focus the determination. These questions will be addressed to the extent possible 
based on available information. The regulatory agency will not necessarily need 
answers for ail questions in order to  make a decision as to whether interim 
corrective measures are necessary. If release concentration information is  available, 
Worksheets 8-1 and 8-2 may also be filled out. 0 
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WORKSHEET 8-1 a 
COMPARISON OF INDIVIDUAL CONSTITUENT CONCENTRATIONS 

WITH HEALTH AND ENVIRONMENTAL CRITERIA 

Facility Name 
Releasing Unit 

Contaminated Media 
Sample Location 

Sample Number(;) 
Date 

Analyst 

. 

a 

I I I I I I I 
I NSTRU CrlO NS 

1. List chemicals with human-health and environmental criteria for the appropriate exposure medium. 
2. List chemical concentration for the appropriate exposure medium. 
3. List type of human-health and environmental criteria used and applicable table number: 
4. List appropriate criteria values. 
5. Compare chemical concentration and criteria values and identify whether release concentration 

exceeds criteria. 
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Chloroform 

EXAMPLE WORKSHEET 8-1 

3 ug/l 

COMPARISON OF INDIVIDUAL CONSTITUENT CONCENTRATIONS 
WITH HEALTH AND ENVIRONMENTAL CRITERIA 

Site Name 

Releasing Unit 

Site X 

I rn pound ment 2 

Contaminated Media Ground W-I 

Sample Location MW UX-7 (see Map) 

Sample Number(s) MWZ- 1/x-7- 1 

Release e Constituent Re1 eased Concentration I I Medium I 
Tri chl oroethylene 2 ug/l I I Carbon tetrachloride I 

m 1 I . .  I 
I 
Chlorobenzene 10 mg/kg 

I Pentachlorobenzene I 7 W k g  

AIR Trichloroethylene * 

Date 9/4/86 

Analyst ,a 

I Table No.. Criterion Release 
andcriterion I Value I Concentrations 

Type. Used Exceed Criterion? _ .  * 

MCL 5 ug/l No 
Table 8-7 I 1 

I MCL 
Table 8-7 No I -  

I Carcinogen . 5 . 7 4  
Table 8-6 I No I 

SystemicTox. I 60mg/kg I 
Table 8-7 No I 
Carcinogen ' 0.27 ug/m3 No 
Table 8-6 

INSTRUCTIONS 

1. List chemicals with human-health and environmental criteria for the appropriate exposure medium. 
2. List chemical concentration for the appropriate exposure medium. 
3. Lis t  type of human-health and environmental criteria used and applicable table number. 
4. L is t  appropriate criteria values. 
5. Compare chemical concentration and criteria values and identify whether release concentration 

exceeds criteria. 
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WORKSHEET 8-2 

USE OF HAZARD INDICES FOR EXPOSURE 
TO CHEMICAL MIXTURES 

Facility Name 
Releasing Unit 

Contaminated Media 
Sample Location 

Sample Number(s) 
Date 

Analyst 

Constituent Released 

I I I I I 

I I I I I 
1.  
2. 

3. 

4. 

lNSTRUCTlO.NS 
List chemicals in each environmental medium, as shown in Worksheet 8-1. 
Compare chemical concentrations and appropriate health criteria values, as shown in Worksheet 8-1. 
Determine ratio of release concentration to the criteria values. 
Determine a hazard index for the chemicals in each medium by summing the ratios calculated by 
comparing chemical concentrations and health criteria. 
Determine i f  the hazard index for the chemical mixture found in each individual exposure medium 
exceeds unity. 

. . .  
I . _  
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EXAMPLE WORKSHEET 8-2 

USE OF HAZARD INDICES FOR EXPOSURE 
TO CHEMICAL MIXTURES 

Site Name Site X 

Releasing Unit Impoundment 2 

Contaminated Media Gro-r/Ai rm I 

Sample Location 

Sample Number(s) 

MW UX-7 (see Map) 

Date 

Analyst 1 DP 

’ Constituent Released 

1 .  
2. 

3. 

4. 

INSTRUCTIONS 
List chemicals in each environmental medium, as shown in Worksheet 8-1. 
Compare chemical concentrations and appropriate health criteria values, as shown in Worksheet 8- 1 .  
Determine ratio of release concentration to the criteria values. 
Determine a hazard index for the chemicals in each medium by summing the ratios calculated by 
comparing chemical concentrations and health criteria. 
Determine i f  the hazard index for the chemical mixture found in each individual exposure medium 
exceeds unity. 

, 

2-g.g 
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WORKSHEET 8-3 a 
QUESTIONS TO BE CONSIDERED IN DETERMINING IF INTERIM CORRECTIVE 

MEASURES MAY BE NECESSARY 

. In considering the actual or potential threat to human health or the 
environment posed by a contaminant release, the regulatory agency will consider 
factors such as type and extent of the release and site demographics. The following 
questions may be used in evaluating these factors. If sufficient information is  
available, the worksheets presented on theeprevious pages may also be used in 

.evaluating the need for interim corrective measures. For further details, see RCRA 
Corrective Action Interim Measures (US. €PA, 1987). 

A. Release C ha racterizati on 

1. What is the source(s) (e.g., nature, number of drums, area, depth, 
amount, location(s))? 

2. Regarding hazardous wastes or constituents at  the source(s): 

a. Which hazardous wastes (listed, characteristic) and hazardous 
constituents are present? 

b. What are their concentrations? 

c. What is the background level of each hazardous waste or 
constituent? 

3. What are the known pathways‘through which the contamination is 
migrating or may migrate and the extent of contamination? 

a. Through which media is the release spreading or likely to spread? 
Direction? Rate? 

. .  b. How far has the release migrated? A t  what concentrations? 
D .  
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c. How mobile is the constituent? 

d. What are the estimated quantities and/or volumes released? 

4. What is the projected fate and transport? 

B. Potential Human Exposure and Effects 

1. What is or will be--the exposure pathway(s) (e.g., air, fire/explosion, 
ground water, surface water, direct contact, ingestion)? 

2. What are the location and demographics of populations and 
environmental resources (potentially) a t  risk from exposure (e.g., 
residential areas, schools, drinking water supplies, sole source aquifers 
near vital ecology or protected natural resources)? 

3. What are the potential effects of human exposure (short- and long-term 
* effects)? 

4. Has human exposure actually occurred? Or when may human exposure 
occur? 

a. What is the exposure route(s) (e.g., inhalation, ingestion, skin 
contact).? 

b. Are there any reports of illness, injury, or death? 

c. How many people will be affeded? 

d. What are the characteristics of the exposed populations(s) (e.g., 
presence of sensitive populations such as infants or nursing home 
residents)? 

5. If response is delayed, how will the situation change (e.g., what will be 
the implications to human health)? 
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C. Potential Environmental Exposure and Effects 

1. What media have been and may be contaminated (e.g., gro'und water, 
air, surface water)? 

.- 2. What are the likely short-term and long-term threats and effects on the 
environment of the released waste or constituents? 

3. What natural resource and environmental effects have occurred or are 
possible (terrestrial, aquatic organisms, aquifers whether or not used for 
drinking water )? 

4. What are the known or projected ecological effects? 

5. When is this threaveffect likely to  materialize (days, weeks, months)? 

6. What are the projected long term e.ffects? 

7. If response is delayed, how will the situation change? 
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APPENDIX A 

AERIAL PHOTOGRAPHY, MAPPING, AND SURVEYING 
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APPENDIX A 

AERIAL PHOTOGRAPHY, MAPPING, AND SURVEYING 

Aerial photographs, maps, and surveys can assist in  verifying and 
characterizing contaminant releases and are particularly helpful sources of 
information that can be used during the development of a monitoring plan. They 
can also be used, when viewed in historical sense (e.g., over the same location, but 
a t  different points in time); to locate old solid waste management units, stream 
beds, and other facility features. Stereo viewing (using a stereoscope) can. further 
enhance the interpretation of photographs and maps because vertical as well as 
horizontal spatial relationships can be observed. . This Appendix discusses the 
potential applications of aerial photography, mapping, and surveying in the RFI 
process. 

Case Study Numbers 12, 13 and 14 in Volume IV (Case Study Examples) 
illustrate the use of several of the techniques presented in this Appendix. 

AERIAL PHOTOGRAPHY 

Introduction 

Aerial photography may be used to  gather release verif ication and 
characterization information during the RFI. Although detailed aerial photographic 
analysis usually requires a qualified photo-interpreter, the site information that it 
can readily provide may warrant its use. Aerial photography can provide valuable 
information on the environmental setting as well as indications of the nature and 
extent of contaminant releases. However, when using aerial photograp hic 
techniques, important release information should be verified through field 
o bsewa ti o ns. 

information Obtained From Aerial Photoqraphs 

a The basic recognition elements commonly utilized in photographic 
intei.prie<ation are shape, texture, pattern, size, shadow, tone and/or color. Natural 

- 273 
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0 color, false color or color infrared, and black and white film are routinely used in 
aerial photographic applications. Color imagery may be more readily interpreted 
than black and white film, by providing enhanced differentiation of subtle evidence 
of such items as surface leachate (e.g., seeps) and surface water quality. Color 
infrared film offers an added element of information with i t s  near infrared 
sensitivity by enabling assessment of vegetation type, damage, or stress, and 
providing a wide range for detection of moisture conditions in soils. 

Subsurface characteristics can be inferred by surface information in the 
photographs. For example, vegetative stress may indicate leachate and gas 
migration where the water table is shallow or in discharge areas. Infrared may be 
able to detect vegetative stress not noticeable during a field inspection. Geologic 
features (variation in the distribution of geologic units, bedrock fractures, fault 
zones, etc.) that can affect ground-water flow pathways can also be identified from 
aerial photographs. Fractures a t  shallow depths in consolidated rocks can serve as 
pathways for contaminated ground water and for rapid infiltration of surface 
runpff. Contamination of surface water bodies can be detected by discoloration or 
shading in aerial photography. Land surface elevation determinations and contour 
maps can be compiled, and ground-water flow direction in shallow systems can be 
estimated using this information. The time of  year is  also an important 
consideration when interpreting geologic and hydrologic features. For example, 
the presence of heavy vegetation during the summer months may obscure certain 
geologic and hydrologic features. As another example, drainage patterns and 
seasonal. high water tables are more readily observed after or during winter 
snowmelt. 

0 

Other information available from aerial photographs . -  includes: Natural 
topography, drainage and erosional features, vegetative cover and damage, 
indications of leachate, damaged unit 'containment structures, etc. 0 bserva ble 
patterns, colors, and relief can make it possible to distin.guish differences in 
geology, soils, soil moisture, vegetation, and land use. Aerial photography can also 
indicate important hydrologic features. Springs and marshy areas represent 
ground-water discharge areas. In cases of releases t o  ground water, aerial 
photographs can indicate the existence of Ii kely contaminant migration pathways 
(e.g., recharge areas, sink holes, karst terrains, subsurface flow patterns, fissures, 
and joints). For releases to surface water, aerial photographs can indicate th%vQ 

L \; s 
0 

I-- 
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location of potential contaminant receiving bodies (e.g., ponds and streams) and 
site runoff channels. Aerial photography can also be used to obtain input 
information for designing monitoring plans (e.g., defining boundary conditions 
such as ponds, streams, springs, paved areas, large buildings, irrigation canals). 

. _  
Major benefits in using aerial photography as a supplement to  other 

investigative methods include: 

0 Obtaining information on relatively large areas, including surrounding 
land use and environmental features; 

0 Indicating effects of contamination; and 

Providing indirect indications of subsurface conditions. 

The fol lowing limitations should be considered when using aerial 
photography : 

0 It does not provide direct information on subsurface characteristics; 

0 There may be variations in photo quality with age, season of flight, film 
type, photo scale, cloud cover, etc.; and 

0 Information obtained from photographs should not be used alone in 
evaluating surface/subsurface conditions. They should always be verified 
through field observations. 

Use of Existina Aerial Photoqraphs (Historical Analysis1 

Existing aerial photographs may be available that show the site prior to the 
existence of some or all hazardous waste management activities. Individual 
photographs provide an opportunity to identify specific features and activities a t  a 
single point in time. By identifying conditions a t  a site a t  several points in time (i.e., 
historical analysis), the sequence of events leading to the current conditions can be 
better understood. This process may identify changes in surface drainage 
conditions'through time, locations of landfills, waste treatment pondsllagoons and r2,73 
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@ their subsequent burial and abandonment, the burial of waste drums, number of 
drums, estimated depth and horizontal extent of burial pits, sources of spillage, and 
discharge of liquid wastes, etc. Historical photographic analysis can be used to 
make maps that reflect conditions that previously existed at  a facility if enough 
control points are provided (e.g., road intersections, power lines, buildings, railroad 
tracks). This information may be very useful in determining appropriate monitoring 
locations. Analysis problems that should be considered when using historical 
photos include variations in placement of the site within a given frame of 
photography and variations in scale. 

Sources 

Town or county offices may have aerial photographs on file. Also, most of the 
United States has been photographed in recent years for various Federal agencies. 
A map entitled "Status of Aerial Photography in the United States" has been 
compiled that lists all areas (by county) that have been photographed by or for the 
Agricultural Stabilization and Conservation Service, the Soil Conservation Service, 
Forest Service, U.S. Geological Survey, Army Corps of Engineers, Air Force, and 
commercial firms. These maps are available from: 

Map lnformation Office 
U.S. Department of the Interior 
Geologic Survey 
507 National Center 
Reston, VA 22092 
(703) 860-6045 

The names and addresses of agencies holding negatives for photographs are. 
printed -on the back of the map. 

The U.S. EPA may also have taken aerial photos of certain facilities. The owner 
or operator may inquire at specific federal and state regulatory offices for access to 
any photos that may have been taken. Other sources of aerial photographs are 
listed below. 

Federal aovernment-The following two US. Geological Survey locations can 
provide indices of all published maps and include order blanks, prices, and detailed a 

2 w  
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ordering instructions. They may also provide a l ist of addresses of local map 
reference Ii brarier, local map dealers, and Federal map distribution centers. 

Eastern Distribution Branch 
US. Geological Survey 
1200 South Eads Street 
Arlington, VA 22202 

Western Distri bution Branch 
U.S. Geological Survey 
Box 25286 Denver Federal Center 
Denver, CO 80225 

Other Federal Agencies Include: 

Aerial Photography Field Office 
ASCS-US. Department of Agriculture (USDA) 

Salt Lake City, Utah 84130’ 
(801) 524-5856 photos, etc.) 

EROS Data Center 

(Has all Agricultural 
Stabilization and 

photos, Forest Service 

(Landsat and U-2 

’ P.O. Box30010 Conservation Service 

US. Geological Survey 
Sioux Falls, SD 57198 
(605) 594-651 1 (ext. 151) 

k%%d white a t  
1 :80,000 scale. 
Computer listings of 
all available photos 
can be accessed) 

Soil Conservation Service 
USDA-SCS altitude, 1 :20,000 scale, 
P.O. Box 6567 photos) 
Fort Worth, TX 761 17 

(Supplies mostly low 

(81 7) 334-5292 

Nation a 1 Archives 
841 South Pickett Street 
Alexandria, VA 22304 
(703) 756-6700 

(For historical photos) 

All of the above agencies will require some information identifying the site 
location to locate relevant photos. This information may be in the form of a town 
engineer’s map; Department of Transportation map; description of the township, 
range, section; a handdrawn map of the site in relation to another town; precise 
longitude and latitude coordinates of the site area; or a copy of the portion of a US. 
Geological Survey quadrangle that shows the site. 0 2P7 - -  
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For facilities near the United States-Canada border, the following agency may 

provide aerial photographs: 

a 
The National Air Photo Library 
Surveys and Mapping Branch 
Department of Energy, Mines and Resources 
61 5 Booth Street 
Ottawa, Ontario K1A OE9 

State aovernment4tate agencies may also have aerial photographs on file. 
These include: 

' Pollution control agencies; 

0 Health departments; 

Water resources departments; 

0 Forestry or Agricultural departments; 

0 Highway depa.rtments; and 

0 Geological survey departments. 

. _  

Private companies--Photographs required for the site of concern may be held 
by private aerial survey companies and can often be ordered directly from these 
sources. Local telephone listings and Photocrrarnmetric Enqineerinq, the Journal of 
the American Society of Photogrammetry, can provide sources of information. 

Aerial photoqraphic surveys--If existing photographs are not available or d o  
not prov.ide enough information, the owner or operator may arrange for an aerial 
photographic survey to be conducted. When deciding whether an aerial survey is 
appropriate, the owner or operator should consider whether the information needs 
can be filled with data obtained from an aerial survey (or from another source or 
investigative technique) and the size of the site (for a small site, a ground survey 
may be more economical). This survey should be conducted by professionals who a ,278 
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will plan, schedule, and perform the flight, 
and/or film requirements, analyze results, and 

collect data with appropriate scale 
compile maps, if necessary. 

Conductinq New Aerial Photoqraphic Survevs-A local telephone listing, the 
Journal of the American Society of Photogrammetry, or the government agencies 
listed in this section may provide names of companies or organizations that conduct 
aerial photographic surveys. When requesting that an aerial photographic survey 

. be conducted, the owner or operator should supply the site location (e.g., marked 

on a topographic map). Property boundaries and waste management areas should 
be outlined. If photographic interpretation is also requested, a brief s i te 
description, type and number of solid waste management units, and types of wastes 
handled would also be helpful. 

MAPPING 

To assist in adequately characterizing a release, various types of maps may be 
useful. Maps can .be used to show geology, hydrology, topography, climate, land 
use, and vegetative characteristics. Maps can be generated through compilation of 
existing maps, aerial photographs, or through ground surveys. This section discusses 
the usefulness of mapping in verifying and characterizing the nature and extent of 
a release. In general, displaying information from a l l  types of maps can be 
presented on the facility's existing topographic map as discussed below. 

Topoqraphic Maps- 

The owner or operator should use, to the extent possible, the topographic 
map and associated information that meets the requirements 03 40 CFR Part 270 
14(b)(l9) of EPA's Hazardous-Waste Permit Program which states: 

. 

. "A topographic map showin a distance of 1000 feet around the facility a t  a 

Contours must be shown on the map. The contour interval must be sufficient 
to clearly show the pattern of surface water flow in the vicinity of and from 
each operational unit of the facility. For example, contours with an interval of 
1 .S meters (5 feet), if relief is reater than 6.1 meters (20 feet), or an interval of 

operators of HWM facilities located in mountainous areas should use large 
contour intewals to adequately show topographic profiles of facilities. The 

[m$6:shall clearly show the following: 

scale of 2.5 centimeters (1 inc I! ) equal to not more than 61 .O meters (200 feet). 

0.6 meters ( 2 feet), if relie 9 is less than 6.1 meters (20 feet). Owners and 

279 
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(xi) 
(xii) 

355 
Map scale and date. 
100-year floodplain area. 
Surface waters including intermittent streams. 
Surroundin land uses (residential, commercial, agricultural, 
recreational s . 
A wind rose (i.e., prevailing wind-speed and direction). 
Orientation of the map (north arrow). 
Legal boundaries of the HWM facility site. 
Access control (fences, gates). 
injection and withdrawal wells both onsite and offsite. 
Buildings; treatment; storage, or disposal operations; or other 
structures (recreation areas, runoff control systems, access and 
internal roads, storm, sanitary, and process sewerage systems, 
loading and unloading areas, fire control facilities, etc.). 
Barriers for drainage or flood control. 
Location of operational units within the HWM facility site, 
where hazardous waste is (or will be) treated, stored, or 
disposed (include equipment cleanup areas)." 

Additional informatio'n thatjshould be noted on the topographic map is  
specified in the requirements of 40 CFR Part 270.14(~)(3), which states: 

"On the top0 raphic map required under paragraph (b)(19) of this section, a 

proposed "point of compliance as defined under 9264.95, the proposed 
location of ground water monitoring wells as required under 9264.97, and, to 
the extent possible, the information required in paragraph (c)(2) of this 
section.", that being . . . "(2) identification of the uppermost aquifer and 
aquifers hydraulically interconnected beneath the facility property, including 

round water flow direction and rate, and the basis for such identification 
I.e,, the information obtained from hydrogeologic investigations of the 
facility area)." 

delineation o B the waste management area, the property boundary, the 

. 

The use of topographic maps will enable the owner or operator to identify and 
display many features useful in characterizing a release, such as potential surface 
water receiving bodies, runoff pathways, and engineered structures. 

Sources 

Topographic maps of the facility area may be available or obtained from: 

0 U.S.G.S. (generally with 10-foot contour intervals); 

Local town offices (e.g., Building Department, Board of Assessors); 
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0 Onsite surveying to obtain site specific elevation information; and 

0 Use of an aerial photographic consultant to fly the site and surrounding 
area and develop a map. 

A site-specific topographic map may be constructed by measuring and plotting 
land elevations by a stadia survey. This method of surveying determines distances 
and elevations by means of a telescopic instrument having two horizontal lines 
through which the marks on a graduated rod are observed. A local telephone 
directory will usually list companies providing this service. 

Existing topographic maps may also be obtained from: 

Eastern Distributign Branch 
U.S. Geological Survey 
1200 South €ads Street 
Arlington, VA 22202 

0 

(East of the Mississippi River) 

Western Distribution Branch 
U.S. Geological Survey 
Box 25286 
Denver Federal Center 
Denver, CO 80225 

(West of the Mississippi River) 

Before requesting a map, the proper quadrangle must be determined. Maps 
are indexed by geographic location--longitude and latitude. The quadrangle size is 
given in minutes or degrees. 7.5 minute quadrangles provide the best resolution. 

Other sources of topographic information include: 
\ 

0 Local colleges or universities that may have index map sets; 

Local town officials (town engineers, planners, etc.) who nnow w h k i  
quadrangles cover their area; 

Nearby institutions or firms that deal with land holdings are likely to  
have USGS quadrangles for that area; and 

o . .bocal USGS offices, map distributors and other suppliers. 
2811 : 

. 

o . .bocal USGS offices, map distributors and other suppliers. 
2811 : 

. 
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Although for the most part the above identified sources will not supply 
topographic maps which satisfy the requirements of 40 CFR Part 270, they may st i l l  
be useful for pointing out old solid waste mangement units and other facility . 

features which may be useful in planning the RFI. 

a 

Land Use Maps 

Land uses, including residential, commercial, industrial, agricultural, and 
recreational, should also be shown on the site topographic map. This information is 
useful for assessing the need for interim corrective measures, and in evaluatlng 
potential exposure points and the need for a Corrective Measures Study when air is 
the medium of contamination. 

Sources 

Information may be obtained by contacting local officials, conducting first- 
hand observations, and using a USGS quadrangle. USGS maps indicate structures, ' 
including dwellings, places of employment, schools, churches, cemeteries, barns, 
warehouses, golf courses, and railroad tracks. Various types of boundary lines 
delineate city limits, national and state reservations, small parks, land grants, etc. 
Other land use information maybe obtained by contacting local planning boards,. 
regional planning commissions, and State agencies. Also, the USGS has special land 
use maps available for some areas. Inquiries regarding the availability of such maps 
may be directed to: 

@ 

* 

Geo raphy Program 
Lan 8 Information and Analysis Office 

Reston, VA 22092 
USCS-MS 710 

(703) 860-6045 

CI i matoloq ical Maps 

Relevant climatological data should be identified. For example, a wind rose 
graphically displays wind speed and direction. Such information may be critical in 
the characterization of an air release. Other climatological and meteorological 

94439, i information (e.g., precipitation and temperature) are often importa 
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0 characterizing releases to the various environmental media. Because many of these 
types of meteorological and climatological information may not be effectively 
displayed on the 40 CFR Part 270 topographic map, they shoutd be identified in a 
separate map or other document. 

Sources 

National Climatic Center 
Department of Commerce 
Federal 8 u i Id i n g 
Ashville, NC 28801 
(704) 258-2850 

The National Climatic Center may also refer the owner or operator to a data 
collection office in the vicinity of the area of concern. In addition, local libraries and 
other sources may provide local climatological data for various period storms (e.g., 
the 100-year storm), and other information. 

Floodplain Maps 'a 
The 100-year floodplain area, if applicable, should also be included on the 

facility's topographic map. Special flooding factors (e.g., wave action) or special 
flood control features included in the design, construction, operation or 
maintenance of a facility should also be noted. The topographic map submitted 
should include the boundaries of the site property in relation to floodplain areas. 

, 

Sources. . , 

The National Flood Insurance Program (NFIP) has prepared Flood Hazard 
Boundary Maps for flood-prone areas. These maps delineate the boundaries of the 
100-year floodplain. Such maps are often included as part of the Flood Insurance 
Study for a particular political jurisdiction along a waterway. The U.S. Federal 
Emergency Management Administration (FEMA) located in Washington, D.C. ((202) 
246-2500) publishes such studies. Hydraulic analyses used to determine flood level, 
community description, and principal flood problems and flood protective measures 
(provided in the flood insurance studies) should also be included. The USGS, US. 
Army Corps of Engineers, US. Soil Conversation Service and the Office of Coastal 
ZoT,@ygement may be contacted for further floodplain information. 
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’ Additional information 

e: 

Other information that should be shown on the topographic map includes: 

0 

0 

0 

0 

0 

0 

0 

0 

Access control (fences, gates, etc.); 

Buildings, treatment, storage, disposal operation areas and other 
structures nearby or onsite; 

Buried pipeline, sewers and electrical conduits; 

Barriers for drainage or flood control; 

Areas of past spills; 

Location of all existing 
units; 

(active and inactive) solid waste management 

Location and nature of industrial and product process and storage units;. 
and 

Facility design features such as run-onhnoff control systems and wind 
dispersal control systems. 

Sources 

This information can be obtained from aerial photographs, field observations, 
operating records, construction and inspection records, etc. The owner or operator 
may need to locate additional site-specific information. This information may be 
available on existing maps, such as: 

Geomorphology - surficial geology maps 
h isto rica I ae ria I photog ra p h s 
topographic maps 

Eolian Erosion and Deposition - countv soil maps 
(historical) aerial 
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interpretation topographic maps 

county soil maps 
(h istori ca I) ae ri a I photog rap h i c 
interpretation topographic maps 

7 8, 
Fluvial Erosion and Deposition - floodplain maps 

Drainage Patterns 

Geologic Features 

Land Use 

Hydrologic Features 

- topographic maps 
county soil maps 
hydrologic maps 
aerial photgraphic interpretation 

- bedrock geology maps 
county soil maps 
topographic maps 

- zoningmaps 
current aerial photos 
local conservation commission 
maps 
county soil 
recent topographic maps 

- hydrologic maps 
topographic maps 
wetlands maps 

aerial photog rap h ic interpretation 
local conservation commission 
maps 

, well data 

Some examples of how the above information may be useful to the owner or 
- operator in characterizing a release are given below: 

0 Knowledge of floodplain areas, surface water bodies, drainage patterns 
and flood control systems identifies potential migration pathways for 
surface and ground water contamination; 

0 Wind speed and direction may help identify air contaminant dispersion 
areas; 

0 Injection and withdrawal wells may provide locations and information 
(e.g., influences in ground-water flow patterns) for ground-water 
monitoring; 

0 Structures on or offsite can provide ideal locations for subsurface gas 
;. 303 i tori n g ; and 
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0 Potential sources of contamination in close proximity to the facility may 
be revealed by investigating surrounding land use practices. 

SURVEYING 

Ground surveying is a direct process for obtaining topographic and other 
terrain features in the field. A local telephone directory should be consulted for 
com pan i es providing surveying sehices. 

Information that can be obtained from a ground survey includes: 

0 Facility boundary; 

Location of engineered structures (e.g., buildings, pipelines); 

0 Natural formations a t  the site (e.g., bedrock outcrops); 

Topographic features; 

0 Drainage patterns and ponding areas; 

Elevation benchmarks ("permanent" elevation reference points that can 
be used in the future); 

0 Location of ground-water monitoring wells (e.g., surface location and 
elevation); and 

0 Profiles of surface water bodies (e.g., depths of lakes/ponds) that are not 
possible by aerial means. 

The above information, obtained during a suwey of the facility, may be useful 
in characterizing a contaminant release through: 

0 Identification of engineered structures that may inhibit or promote 
Contaminant migration (e.g., accumulation areas for subsurface 9491 

_ _  - -  - 
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0 Identification of natural features a t  the site (e.g., barriers or pathways) 
affecting contami nan t migration; 

0 Topographic influences (e.g., drainage patterns and ponding areas); 
.. 

0 Location of ground water or subsurface gas monitoring wells; 

Ground-water depth (knowledge of location and elevation of wells, 
enables measurement of ground-water depth); and 

0 Depths of surface water bodies that .may be useful in predicting surface 
water contamination and in determining ground-water breakout. 
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APPENDIX B 

MONITORING CONSTITUENTS AND INDICATOR PARAMETERS 

LIST 1 : Indicator Parameters Generally Applicable to Specific Media 

List 2: 40 CFR 264 Appendix IX Constituents Commonly Found in Contaminated 
Ground Water and Amenable to Analysis by EPA Method 6010- 
Inductively Coupled Plasma (ICP) Spectroscopy (Metals) and by Method 
8240. (Volatile Organics) 

LIST 3: Monitoring Constituents Potentially Applicable to Specific Media 

LIST 4: Industry Specific Monitoring Constituents . 

. .  
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LIST 1 

._ 

SOIL 

INDICATOR PARAMETERS 
GENERALLY APPLICABLE TO SPECIFIC MEDIA 

INDICATOR PARAMETERS 

AI urn in urn Potasri um 
Boron 
Calcium 
Carbonate/bicarbonate 
Chloride 
Cobalt 
Copper 
Fluoride 
Iron 
Magnesium 
Manganese 
Nitrate (as N) 
Phosphorus 

Silica 
Sodium 
Soil Eh 
Soil pH (Hydrogen Ion) 
S t  co n ti u m 
Sulfate 
Total Kjeldahl Nitrogen (TKN) 
Total Organic Carbon (TOC)* 
Total Organic Halogen (TOX)* 
Total Phenols 
Van ad i u m 
Zinc 

Although TOC and TOX have historically been used as indicator parameters for 
site investigations, the latest data suggests that the use of these parameters 
ma not provide an adequate indication of contamination. Both methods 

strip samples of the volatile fraction, and the presence of chlorine/chloride has 
been shown to interfere with the TOX determination. In addition, the 
sensitivity of these methods (generally in the parts per million level) are often 
too high for constituents of concern. 

su x er precision and accuracy problems. The normal procedure for TOC can 

_- -- 
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LIST 1 (Continued) 355 

GROUND WATER (See also 40 CFR 264, Appendix IX) 

. INDICATOR PARAMETER 

Aluminum 
Boron 
Calcium 
Carbonate/bicarbonate 
Chlaride 
Cobalt 
Copper 
Fluoride 
Iron 
Mag n esi u m 
Manganese a Nitrate (as N) 

pH (Hydrogen Ion) 
Potassi um 
Silica 
Sodium 
Strontium 
Sulfate 
Specific Conductance 
Total Organic Carbon (TOC)* 
Total Organic Halogen (TOX)* 
Total Phenols ' . 
Van ad i u m 
Zinc 

* Although TOC and TOX have historically been used as indicator parameters for 
site investigations, the latest data suggests that the use of these parameters 
ma not provide an adequate indication of contamination. Both methods 

strip samples of the volatile fraction, and the presence of chlorinekhloride has 
been shown to interfere with the TOX determination. In addition, the 
sensitivity of these methods (generally in the parts per million level) are often 
too high for constituents of concern. 

su x er precision and accuracy problems. The normal procedure for TOC can 

I--- -- 
I 
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SUBSURFACE GAS 

. INDICATOR PARAMETERS 

LIST 1 (Continued) 

Methane 
Carbon dioxide 
Total Hydrocarbons (THC) 
Colorimetric Indicators (e.g., Draeger Tubes) 
Explosivity 

AIR 

INDICATOR PARAMETERS 

Total Hydrocarbons (THC) 
Colorimetric Indicators (e.g., Draeger tubes) 

a -  

m 
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LIST 1 (Continued) 

SURFACE WATER 

INDICATOR PAR AM ET€ RS 

Alkalinity (mg/l as CaCO3) 
Biochemical Oxygen Demand (BOD) 
Calcium 
Chemical Oxygen Demand (COD) 
Chloride 
Dissolved Oxygen (DO) 
Dissolved solids 
Mag nesi u m 
Nitrates 
Nitrites 

PH 
Salinity 
Sodium 
Specific Conductance 
Sulfate 
Suspended solids 

3 Temperature 
Total solids 
Total Organic Carbon (TOC)* 
Total Organic Halogen (TOX)' 
Total Phenols 
Turbidity 

Although TOC and TOX have historically been used as indicator parameters for 
site investigations, the latest data suggests that the use of these parameters 
ma not provide an adequate indication of contamination. Both methods 

strip samples of the volatile fraction,.and the presence of chlorinekhloride has 
been shown to interfere with the TOX determination. In addition, the 
sensitivity of these methods (generally in the parts per million level) are often 
too high for constituents of concern. 

su x er precision and accuracy problems. The normal procedure for TOC can 

-- 
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LIST 2 

40 CFR 264 APPENDIX IX CONSTITUENTS COMMONLY FOUND IN CONTAMINATED 

INDUCTIVELY COUPLED PLASMA (ICP) SPECTROSCOPY (METALS) AND BY METHOD 
8240 (VOLATILE ORGANICS) 

GROUND WATER AND AMENABLE TO ANALYSIS BY EPA METHOD 6010 - 

Common Name 

; 294 
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Method 1 
8240 

C hem ica I 
Abstracts 
Number 

Method 
6010 

trans- 1,4-DichIoro-2-butene 

Dichlorodifluoromethane 

- ~~~ 

1 10-57-6- X 

75-7 1 -a Xb 
1 

1,l-Dichloroethane 

1,2-DichIoroethane, Ethylene 
dichloride 

75-34-3 X b  

107-06-2 X b  

t ra n s- 1 ,2 -Dj c h I o roe t h y I e n e 

1,2-DichIoropropane 

156-60-5 Xb 

78-87-5 X b  

Ethyl benzene 

Ethyl methacrylate 

100-41 -4 XC 

96-63-2 X d  

LIST 2 (Continued) 

Common Name 

I 1,l -Dichloroethylene, Vinylidene 
chloride 

I 75-35-4 I xb . I  

cis-l,3-Dichloropropene I 10061-01-5 I xb I I . 
trans-1,3-Dichloropropene . . I 10061-02-6 I xb I I 

2-Hexanone I 591-78-6 I X I I 
Lead I (total) I I X I 



L1ST 2 (Continued) 

Method1 
8240 

Chemical 
Abstracts I Number 

Common Name Method 
6010 

2-Picoline 109-06-8 
Propionitrile, Ethyl cyanide 107-1 2-0 

X 

X d  

Pyridine 
Selenium 

1 10-86- 1 X e  

(total) X 

Tet rac h 1 o roet h y I en e, 
Perchloroethylene, 
Tetrachloroethene 

Silver 
Styrene 
1J 1,2-Tetrachloroethane 
1,1,2.,Z-Tetrachloroethane 

I xb 

127-1 8-4 I 

(total) X 

100-42-5 XC 

630-20-6 X b  

79-34-5 X b  

Thallium 
Toluene 
1,1,1 -Trichloroethane, Methyl 
chloroform 

(total) X 

108-88-3 XC 

I 7 1 -55-6 

1,1,2-TrichIoroethane 
Trichloroethylene, Trichloroethene 
Trichlorofluoromethane 
1,2,3-Trichioropropane 

" I  
79-00-5 X b  

79-0 1 -6 X b  

96-1 8-4 X b  

96- 1 8-4 X b  

Van ad i um 
Vinyl Acetate 

(total) , x  
108-05-4 X 

Vinyl Chloride 
Xylene (total) . 

Zinc I (total) I I X 

75-0 1-4 xb ' 

1330-20-7 XC 

NOTE: Method 6010 is not recommended for Mercury and Tin. 

Caution, these are representative methods and may not always be the most 
suitable for a given application. 

Method 8030 is also suggested. 
Method 8010 is also suggested. 
Method 8020 is also suggested. 
Method 801 5 is also suggested. 
Method 8070 is  also suggested. 

' 7--, 
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355 LIST 3 

MONITORING CONSTITUENTS POTENTIALLY APPLICABLE TO SPECIFIC M EDlA a 
Common Name 
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Abstracts 
No. 

Ground Surface Subsurface 
Water* Water2 soil3 Gas4 

56-55-3 

98-87-3 

X X X 

X 

. 71-43-2 

98-05-5 

92-87-5 

X X X X 

x 

1 O b  5 1 -4 

98-07-7 

100-44-7 

7440-4 1-7 

X 

X 

X 

X X X 

 benzyl chloride 

Beryllium and compounds, 
N.O.S.1 

75-25-2 

101-55-3 

3 57- 57-3 

85-68-7 

X x X 

X X X 

X X X 

LIST 3 (continued) 

Common Name Air 

Benz(a)anthracene 

Benzal chloride 

X Benzene 

Benzenearsonic acid 

I Benz idK 

I Benzo(b)fluoranthene 205-99-2 I X I X I X . I 
205-82-3 I I I I 
50-32-81 X . I X I X . I 

p-Benzoquinone 

Benzotrichloride X 

X 
- 

I Bis(2-chloromethoxy)ethane 111-91-.1 I . ' X  I x I x I 
' I Bis(2-chloroethyl) ether . . 

39638-32-9 I X I X I X I x 
)Bis(chlorornethyl) ether 542-88-1 I I 
I Bis(2-ethyl hexy1)phthalate 117-81-7 I X I X I X I X 

589-3 1-2 1 I - 1  I Bromoacetone 

'Bromoform X 

4-Bromophenyl phenyl ether 

Brucine 

I Butyl benzyl phthalate 

ICacodylic acid 75-60-5 I I I I 
Cadmium and compounds, I N.O.S. 1 

- 

X 

ICalcium chromate 

ICalciurn cyanide 592-01-8 I I 1 x 1  
I Carbon disulfide 75-15-0 I X I X I X I X X 

ICarbon oxyfluoride 353-50-4 I I I I X 
~- ~ 

F b o n  tetrachloride X '  I 56-23-5 I X I X 1 X X 
I . .  

IChloral ,----- --, 
. -  

75-87-6 1 r I 7 



LIST 3 (continued) 

Common Name 

Chlorambucil 

Chlordane, alpha and gamma 
isomers 

Chlorinated benzenes, N.O.S.1 

Chlorinated ethanes, N.O.S.1 

Chlorinated fluorocarbons, 

355 

Ground Surface Su bsu dace 
Abstracts Water* Water2 soil3 Gas4 Air No. 

30 5-0 3-3 

57-74-9 X X X X 

X X X X X 

X X X X X 

X 



LIST 3 (continued) 3 '  ~ 6 '  I"" ; '  

Abstracts 
NO. Common Name 

Ground Surface Subsurface 
Water* Water2  soi l3 Gas4 A i r  

Cyanides (soluble salts and 
complexes) N.O.S.1 

Cyanogen 

I 
X X X X 

460- 1 9-5 X 

Cyanogen bromide . I  506-68-31 I I I I 
Cyanogen chloride 

Cycasin 

2-Cycl ohexy l-4,6-d i nitrophenol 

Cyclophosphamide 

2,4-D, salts and esters 

506-77-4 

1490 1-08-7 

13 1-89-5 

50-18-0 

94-75-7 X X X X .  

Daunomycin 

DDD 

DDE 

DDT 

Diallate 

Di benr(a,h)acridine 

Di benz(a,j)acridi ne 

20830-81 -3 

72-54-8 X X X 

72 - 5 5-9 X X X 

50-29-3 X X X 

2303-1 6-4 X X X 

226-36-8 

224-42-0 

Di benz(a, h)anthracene 

7H-Di benzo(c,g)carbazole 

Di benzo(a,e)pyrene 

Di bento(a,h)pyrene 

53-70-3 X X X 

194-59-2 

- 192-65-4 X 

189-64-0 X 

m-Dichlorobenzene I 541-73-1 I X I X I X I I x  

Di benzo(a,i)pyrene 

1,2-Di bromo-3-chloropropane 

189-55-9 X 

96- 1 2-8 X X X 

Dibutyl phthalate 

o-Dichlorobenzene 

84-74-2 X X X 

95-50-1 X X X X 

. . *  

p-Dichlorobenzene 

Dichlorobenzene, N.O.S.1 

. '300 

106-46-7 x -  X X X 

25821-22-6 X X X X 

B - 1 2  

3,3'-Dichlorobenzidine 

lf4-Dichloro-2-butene 

91-94-1 X X X 

764-41-0 X X X X 

Dichlorodifluoromethane 

1,2-Di ch I oroet hyl ene 

75-7 1-8 X X X X X 

156-60-5 X X X X 
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*bsttads 
No. 

LIST 3 (continued) 

Subsurface Air Ground Surface 
Water* w a t e r 2  soi l3 Gas4 

75-35-4 

120-83-2 

X X X X 

X X X 

696-28-6 

26638- 19-7 

26545-73-3 

X X x .  X 

3 1 1-45-5 

84-66-2 

X 

X X X X 

297-97-2 

56-53- 1 

X X X 

. 57-97-6 

1 19-93-7 

79-d4- 7 

X X X 

X X X . .  

. 57-97-6 

1 19-93-7 

79-d4- 7 

X X X 

X X X . .  

rl ,I-Dimethylhydrazine 

1,2-OimethylhydrazIne 
. 

Common Name 

I Dichloroethylene, N.O.S.l 

I 1,l-Dichloroethylene 

87-65-0 I X I X I X I I 

~ ~- - ~ -  

Ehloropropene, N.O.S.1 rx 
542-75-6 I X I X I X I I x  

x - -  [ I I Dieldrin . ._. 

1464-53-5 I I ' I  I I 
-sine 692-42-2 1 I i- I 

123-91-1 I .  X I X I X I I x  
[ N,N-Diethyl hydrazine 1 6 1 5-80- 1 I I I 
0,O-Diethyl S- 
methyldithiophosphate 

phosphate 

3288-58-2 

0,O-Oiethyl O-pyrazinyl 
phosphorothioate 

I Dihydrosafrole 
~~ 

3,443 hydroxy-al pha- 
(methylaini no)rnethyl benzyl I alcohol . 

Di isopropyl fl uorophosphate 

1 
119-90-41 X I X I X I 1 

I p-Dirnethoxyminoazobenzene 

I ?::thy1 benz(a1anthracene 

b:370i methyl benzidi ne 

I Dimethylcarbamoyl chloride 

57- 14-7 

540-73-8 

3-13 



;', \ _  n?" $ LIST 3 (continued) 

Chemical 
Abstracts 

No. Common Name 
Ground Surface Subsurface Air 
Water+ Water2 soi l3 Gas4 

alpha, alpha- 
Dimethylphenethylamine 

2.4-Di methyl phenol 

Dimethyl phthalate 

105-67-9 X X X X 

131-1 1-3 X X X 

Dimethyl sulfate 

Dinitrobenzene, N.O.S.1 

4,6-Oinitro-o-cresol and salts 

2,4-0i ni trophenol I 51-28-51 X I X I X I I 

77-78- 1 

25 154-54-5 X X X 

534-52- 1 X X X 

2,4-0i ni trot01 uenc 

2,6-Di nitrotol uene 

Dinoseb 

Di-n-octyl phthalate 

Oiphenylami ne 

121-14-2 X X X X 

606-20-2 X X X 

88-85-7 X X X 

1 17-84-0 X X X 

122-39-4 X X X 

~~ 

Disulfoton 

~ ~~-~ - ~ 

1,2-DiphenyIhydratine 122-66-7 

Di-n-propyl nitrosami ne 62 1-64-7 

X 

-~ - ~ -~ 

X X 

X X X 

r- 

Ethylenebisdithiocarbarnic acid, 
salts, and esters 

Ethylene dibrornide 

Ethylene dichloride 

Oithioburet I 541-53-7 I I I I I 

. 11 1-54-6 

106-93-4 . x  
107-06-2 X X 

Endrin ' 

Ethylene glycol monoethyl 
ether 

Ethyleneimine 

Ethylene oxide 

Ethylenethiourea 

r-- 

1 10-80-5 

151-564 X 

75-2 1-8 X 

9645-7 

Ethyl carbamate (urethane) I 51-79-6 I I I '  ' I I 

Ethyl methacwlafa- I 97:63-2 I X 

Ethyl cyanide 

X 1 X I 

I r- r- 

Ethylidene dichloride 1 75-34-3 1 1 I I X I x  

B - 1 4  



Ground 
Water* No. 

Surface Subsurface Air 
Water2  soil3 Gas4 

62-50-0 

52-85-7 

206-44-0 

-~ ~ 

X X X 

X X X 

X X . x  

- 76-44-8 

1024-57-8 

X X X X 

X X X 

118-74-1 

87-68-3 

77-47-4 

67-72- 1 

70-30-4 

X X x .  
X X X X 

X X X 

X X X 

X X X 

X >( X X 

X X X 

7439-92- 1 

30 1 -04-2 

- _ _ _  

. .  x 9 0 9  X X X 

X 
w v u  

LIST 3 (continued) 

Common Name 

Ethylmethane sulfonate 

Famphur 

Fluoranthene 
~~ 

Flouri ne 77822 i -7 I 1 
FI uoroacetamide 640-19-7 I I I I I I 
Fluoroacetic acid, sodium salt 62-74-8 I I 1 
Formaldehyde 50-00-0 1 I I I 1 x 1  

765-34-4 I I I I Clycidylaldehyde 

Halomethane, N.O.S.1 

Heptachlor 

Heptachlor epoxide 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachlorocvclopentadiene 
- 

~ ~ ~~~ ~~ ~ 

Hexachlorodi benzo-pdioxins 

Hexachlorodi benzofurans 

Hexachloroethane 

Hexachlorophene 

Hexachloropropene 

Hexaethyltetraphosphate 

Hydrazi ne 
~~~ ~~ 

Hydrogen cyanide 

Hydrogen fluoride 
~~ 

Hydrogen sulfide 

Indene( 1,2,3cd)pyrene 

Iron dextran 

Isobutyl alcohol 

lsod ri n 

lrosafrole 
Kepone 

Lasi ocar pi ne 

Lead and compounds, N.O.S.1 

Lead acetate 



p : 4 *  LIST 3 (continued) 

Abstracts 
No. Common Name 

Ground Surface Subsurface Air 
Water* Water2  soil3 Gas4 

Mercury fulminate 

Methyl ethyl ketone peroxide 

Methyl hydrazine 

Methyl iodide 

Methyl isocyanate 

2-Methyl lactonitri le 

Mercury and compounds N.O.S.1 7439-97-6 X X X X 

Methacrylonitrile 126-9a7 X X X X 

1338-23-4 X X 

60-34-4 

74-88-4 X X X X 

624-83-9 X 

75-86-5 X 

Methyl ethyl ketone (MEK) 

Methyl methacrylate 

Methyl rnethanesu lfonate 

80-62-6 X X X x 
66-27-3 X X x .  

8-16 



LIST 3 (continued) 

Abstracts 
No. Common Name 

355 

Ground Surface Su bsu dace 
Water* water2 soil3 Gas4 Air 

Nickel carbonyl 

Nickel cyanide 

MNNG 

Beta-Naphthylamine 

al pha-Napththylthiourea 86-88-4 

Nickel and compounds, N.O.S.1 7440-02-0 X x X X 

13463-39-3 

557-19-7 X 

Nicotine and salts 

Nitric oxide 10 102-43-9 X X 

54- 1 1-5 

p-Nitroaniline 100-0 1-6 X X X 

Nitrobenzene 98-95-3 X X X x .  
Nitrogen dioxide 1 0 102-44-0 X 

I -  51-75-2 I Nitrogen mustard and 
hydrochloride salt 

X I 

N-Nitrosodiethanolamine 1 1  16-54-7 I 
N-Nitrosodiethylamine 55- 18-5 X X X 

N-Nitrosodimethylamine 62-75-9 X X X 

N-Ni roso-N-ethyl urea 759-73-9 

N-Nitrosornethylethylamine 10595-95-6 X X X 

N-Ni troso-N-methyl u rea 680-93-5 1 '  ! '  

I 
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LIST 3 (continued) 

Abstracts 
No. Common Name 

Ground Surface 
Water* Water2  soil3 

N-Nitroso-N-methylurethane I 61 5-53-2 I I I 

N-Nitrosomorpholine 

N-Ni trosonornicotine 

N-Nitrosomethylvinylamine 1 . 4549-40-0 I I I 
59-89-2 X X X 

16543-55-8 

N-Ni trososarcosi ne 

5-Nitrd-o-toluidine 

N-Nitrosopi peridine ' I 100-75-41 X I X I X 

13256-22-9 

99-55-8 X X X 

Nitrosopyrolidi ne 

Octamethyl pryophoiphoramide 

Osmium tetroxide 

Paraldehyde 

152-16-9 

208 16- 12-0 X 

123-63-7 

Pentachlorobenzene 

Pentachlorodibenzo p dioxins . 

Parathion 

608-93-5 X X x .  X 

X X X 

Pentachlorodi benzofurans 

Pentachloroethane 

X X X 

76-01 -7 X X X X 

X 82-6&81 x I I 
Pen tach I orophenol 

Phenacetin 

Phenol 

Phenylenediamine 

Phenylmercury acetate 

Phenylthiourea 

I 

87-86-5 X X X X 

62-44-2 X X X 

1 08-95-2 X X X ' X  

2 5 2 65-7 6- 3 

62-38-4 

103-85-5 

Phosgene 

Phosphine 

8-18 

7544-5 X 

7803-5 1-2 X 



LIST 3 (continued) 355 

Common Name 

a 

. - .__ -.I- 
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LIST 3 (continued) 

nu 
?r* 

I2,3,4,6-Tetrachlorophenol 58-90-21 X 

Tetranitromethane 509- 14-8 

Thallium and compounds, 
N.O.S.1 
Thallic oxide I .1314-32-5 1. 
Thallium (11 acetate I 563-68-8 I 
k h a l l i k  (1) carbonate I 6533-73-9 I 

Surface Subsurface 
Water2 Soil3 Gas4 Air 

" I  
I 

I x  I I 

_... .- 
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LIST 3 (continued) 355 . 

1 I 1 I I I 

Subsurface Air Ground Surface 
Water* Water2 soil3 Gas4 *''tracts 

No. Common Name 

Trichloropropane, N.O.S.1 

1,2,3-irichloropropane 96-18-4 X X X X 

O,O,O-Trieth yi phosphorothioa te 1.26-68- 1 X X X 

sym-Tri ni trobentene 99-3 5-4 X X X 

Tris( 1 -aziridinyl)phosphine 52-24-4 
sulfide 

~ ~ ~~~ - ~~ 

T%( 2,3- 126-72-7 
di bromopropy1)phosphate 

Trypan blue 72-57- 1 

Uracil mustard 66-75 1 

Vanadi U m pentoxide 13 14-62-1 X X 

-~ -~ ~ 

Zinc cyanide 557-2 1-1 X 

Zinc phosphide 1314-84-7 X 

See also 40 CFR 264, Appendix IX. 

The abbreviation N.O.S. (not otherwise specified) signifies those members of the general class not 
specifically l i s ted  by name. - 

Applies to the water column only. Additional constituents may be of concern i f  sediment and/or biota are 
to be sampled and subjected to analysis (See Section 13). 

Includes both saturated and unsaturated soils. Some of these are gases a t  ambient temperature and 
pressure which may be present in wet or saturated soils. Degradation as a result of chemical, biological or 
physical processes, may result in decreasing concentrations of constituents over time, and is dependent on 
moisture content as well as other factors. 

Compounds indicated are those which may be present within a carrier gas (e.g., methane). 

8-2 1 



1. 

2. 

3. 

4. 

LIST 4 

INDUSTRY SPECIFIC MONITORING CONSTITUENTS 

REFERENCES FOR INDUSTRY SPECIFIC MONITORING CONSTITUENTS 

40 CFR 122, National Pollutant Discharge Elimination System 

US. EPA, Development Document for Effluent Limitation Guidelines and 
Standards for the ... Point Source Category. 
(Total of 30 Industries) 

US. EPA, 1980, Treatability Manual. Volume 1. Treatability Data 

US. EPA Regional Offices for Industry Specific Data. 

I s i ( ) '  
. t  f , 
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SUPPLEMENTTO LIST 4 

REPRINTED TABLES FROM TEST METHODS FOR EVALUATING SOLID WASTES: 
3RD ED. U.S. EPA SW-846. GPO NO. 955-001-0000-1. 1986. 

J 



Table 2-1 : Phenols and Organic Acids 

Benzoic acid 
Benzyl alcohol 
2-sec-B uty1-4,6-d i n i tro p he no1 (DN B P) 
4-Chloro-3-methyl phenol 
2-Chlorophenol 
Cresol (methyl phenols) 
2-Cyclo hexy1-4,6-d i n itrophenol 
2,4-Dich lo ro p he no1 
2,6-Dich I o ro p henol . 
2,4-0 i m et h y I phenol 
4,6-Di n itro-o-cresol 
2,4-Dinitrophenol 
2-Methyl-4,6-d in itro p henol 
2-Nitrophenol 
4-Nitrop henol 
Pentachlorophenol 
Phenol 
Tetrach loro p henols 
Trich lo rop h enols 

8-26 
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Table 2-2: Phthalate Esters 

Benzyl butyl phthalate 
Bis(2-ethylhexy1)phthalate 
Diethyl phthalate 
Di-n- b u ty I p h t h a I a t e 
Dimethyl phthalate 
Di-n-octyl phthalate 

0-27 



Table 2-3: Nitroaromatics and Cyclic Ketones 

Oinitro benzene 
2,4-0in itrotol uene 
2,6-Dinitrotoluene 
lsophorone 
Naphthoquinone 
Nitrobenzene 

8-28 
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Table 2-4: Polyaromatic Hydrocarbons 

Acenaphthene 
Acenaphthylene 
Ant h racen e 
Benzo(a)anthracene 
B en t o (a) pyre n e 
Ben zo( b) f I u o ra n t h e n e 
Benro(j)fluoranthene 
Ben t o  (k) f I u o ra n t h en e 
Bento(g,h,i)perylene 
Chrysene 
Di benz(a,h)acridine 
Di be n z( a; j)acr id i ne 
Di ben z(a , h)a n t h racen e (D i be n t o  (a, h) a n t h race ne) 
7H-Di bento(c,g)carbazole 
Dibenzo(a,e)pyrene 
Dibenzo(a,h)pyrene 
Di benzo(a,i)pyrene 
F luoranthene 
Fluorene 
I n d e no ( 1 ,2,3 -cd ) p y re n e 
3-Meth y lcho Ian t h rene 
Naphthalene 
P hen an th rene 
Pyrene 

c I 
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Table 2-5: Chlorinated Hydrocarbons 

Benzotrich loride 
Benzyl chloride 
2-Chloronaphthalene 
D i c h Io ro benzenes 
0 i ch 1 o ro m e t h y I be n ze n es (0 i c h Io roto I u e n es) 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexac h lorocyclo h exane 
Hexachlorocyclopentadiene 
Hexachloroethane 
Pen tac h I o ro h exan e 
Tetrachlorobenzenes 
Trichlorobenzenes 

I 
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355 
Table 2-6: Base/Neutral 

Acenaphthene 
Acen a p ht h y lene 
Acetophenone 
Aldrin 
Aniline 
Anthracene 
4-Am ino bi p hen yl 
Aroclor-1016 
Aroclor- 122 1 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 

Benzo(a)anthracene 
Ben zo( b) f I uo ra n t h en e 
Bento(k)fluoranthene 
Benzo(g , h ,i) pery len e 
Ben zo (a) p y re ne 
a-B HC 

. Benzidine 

6-BHC 
6-BHC 
y-BHC 
B is( 2-ch lo roet h oxy) met h a n e 
B is( 2-ch loroet h y l)ether 
Bis(2-chloroisopropyl)ether 
B is( 2 -et h y I h exy I )  p h t ha I ate 
4-Bromophenyl phenyl ether 
Butyl benzyl phthalate 
Chlordan e 
4-Chloroan iline 
1 -Chloronaphthalene 
2-Chloronaphthalene 
4-Chlorophenyl phenyl ether 
Ch rysen e 
4,4'-DDD 
4,4'-DD E 
4,4'-DOT 
Di benz(a,')acridine 

Dibeniofuran 
Di-n-butyl phthalate 
1,3-DichIorobenzene 
1,4-Dichlorobenzene 
1,2-DichIorobenzene 
3,3'-Dichlorobenzidine 
Dieldrin 
Diethyl phthalate 
p-Dimethylaminoazobenzene 
7,12-Dimethyl benz(a)anthracene 

Di benz(a, c1 )anthracene 

a-,a-Dimethylphethylamine 
Dimethyl phthalate 
2,4-Di n itrotol uene 
2,6-Di n i troto I uene 
Diphen lamine 

Di-n-octyl phthalate 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Ethyl methanesulfonate 
Fluoranthene 
Fluorene 
2-Fluor0 bi p henyl 
Heptachlor 
Heptachlor epoxide 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane I 
Indeno( 1,2,3-cd)pyrene 
Is0 p horon e 
Met hoxych lor 
3-Methylcholanthrene 
Methyl methanesulfonate 
2-Methyl na p ht halene 
Naphthalene 
1-Naphthylamine 
2-Naphthylamine 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroan i I i ne 
Nitrobenzene 
N-N itr oso-d i -n - b u t y  I a m in e 
N-Nitrosodimethylamine 
N-N itrosod i p hen y la mine 
N-Nitrosodiprop lamine 
N-N i t ro$o p I per i 2 i ne 
Pentachlorobenzene 
Pentachloronitro benzene 
Phenacetin 
Phenanthrene 
2-Pic01 i ne 
Pronamide 
Pyrene 
1,2.4,5-Tetrachloro benzene 

1,2-Dip t; enyl hydrazine 

1,2,4-Trichlorobenzene ,--, 

Toxaphene ' 3139; . . I  
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Table 2-7 : 0 rg a no p h os p h o r o u s Pesticides 

Atinphos methyl 
Bolstar (Sulprofos) 
Ch iorpyrifos 
Coumaphos 
Demeton 
Diazinon 
Dichlorvos 
Dimethoate 
Disulfoton 
EPN 
Et h o p ro p 
Fensulfothion 
Fenthion 
Malathion 
Merphos 
Mevin p hos 
Mon och roto p hos 
Naled 
Parathion 
Parathion methyl 
Phorate 
Ronnel 
Stirophos (Tetrachlorvinphos) 
Sulfotepp 
TEPP 
To kuth ion (Proth iofos) 
Trichloronate 
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Table 2-8: Organochlorine Pesticides and PCB's 

Aldrin 
a-BHC 
6-BHC 
6-BHC 
y-BHC (Lindane) 
Chlordane 
4,4'-DDD 
4,4'-00 E 
4,4'-DDT 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 

Heptachlor 
Heptachlor epoxide 
Kepone 
Methoxychlor 
Toxaphene 

. Endrin aldehyde 

PCB-1016(Ar0~l0r-1016) 
PCB-1221 (Aroclor-1221) 
PCB-1232 (Aroclor-1232) 
PCB-1242 (Aroclor-1242) 
PCB-1248 (Aroclor-1 248) 
PCB- 1 2 54 (Aroclor- 1 2 54) 
PCB-1260 (Aroclor-1260) 

8 32% 
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Table 2-9: Chlorinated Herbicides 

2,4-0 
2,4-06 
2,4,5-T 
2,4,5-TP (Si hex) 
Dalapon 
Dicamba 
Dich loro pro p 

, Dinoseb 
MCPA 
MCPP 
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Table 2-10: Halogenated Volatiles 

Benzyl chloride 
B is( 2 -c h I o roe t h o x y ) m ethane 
Bis(2-chloroisopro pyI)ether 
Bromo benzene 
Bromod i chloromethane 
Bromoform 
Bromomethane 
Carbon tetrachloride 
C h Io raceta Id e h yd e 
Chloral 
Chlorobenzene 
C h loroet hane 
Chloroform 
1 -Chlorohexane 
2-Chloroethyl vinyl ether - Chloromethane 
Chloromethyl methyl ether 
C h lorotol uene 
Di bromochloromethane 
Dibromomethane 
1,2-DichIorobenzene 
1,3-0ichlorobenzene 
1,4-Oichlorobenzene 
Dichlorodifluoromethane 
1,l-Dichloroethane 
1,2-0ichloroethane 
1,l-Dichloraethyiene (Vinylidene chloride) 
trans- 1,2-Di c h Io roet h y I ene 
Oichloromethane 
1,2-DichIoropropane 
1,3-Dich loropropylene 
1,1,2,2-Tetrachloroethane 
1,1,1,2-Tetrachloroethane 
Tetra c h Io ro e t h y I en e 
l,l,l-Trichloroethane 
1,1,2-TrichIoroethane 
Trichloroethylene 
Trichlorofluoromethane 
Trichloropropane 
Vinyl chloride 

. 
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Table 2-1 1 : Non-halogenated Volatiles 

Acrylamide 
Diethyl ether 
Ethanol 
Methyl ethyl ketone (MEK) 
Methyl isobutyl ketone (MIBK) 
Paraldehyde (trimer of acetaldehyde) 

. 
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Table 2-12: Aromatic Volatiles 

Benzene 
C h lo ro be nzene 
1,2-Dich loro benzene 
183-Dichlorobenzene 
l84-Dich loro benzene 
Ethyl benzene 
Toluene 
Xylenes (Dimethyl benzenes) 

. .  

0-37 
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Table 2-1 3: Acetonitrile, Acrolein, Acrylonitrile 

Aceton itrile 
Acrolein (Propenal) 
Acrylonitrile 

F 
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I 

Acetone 

Table 2-14: Volatiles 

cis- 183-Dichloropropene 

Acrolein 

Acrylonitrile 

Bromochloromethane 

Bromodichloromethane 

4-6 ro mo f I u o ro benzene 

B romofo rm 

- Benzene 

. Bromomethane 

2-Butanone (Methyl ethyl ketone) 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

C h lo rod i bromo methane 

Chloroethane * '2-Chloroethyl vinyl ether 

Chloroform 

Chloromethane 

Dibromomethane 

184-Dich loro-2- butane 

Dichlorodifluoromethane 

1 ,1-Dichloroethane 

1,2-DichIoroethane 

1 , 1 -Dichlrorethene 

trans- 1,2-Dich loroeth ene 

trans- 183-Dichloropropene 

1,4-Dif I uo ro be n ze n e 
Ethanol 

Ethyl benzene 

Ethyl methacrylate 

2-Hexa n one 

lodo methane 

Methylene chloride 

4-M e t  h l y -2-pen ta  n on e 

Styrene . 

1 , 1 ,2,2-Tetrachloroethane 

To1 u e n e 

1 ,l,l-Trichloroethane . 
1,1,2-Trichloroethane 

Trichloroethene 

Trichlorofluoromethane 

1,2,3-TrichIoropropane 

Vinyl acetate 
Vinyl chloride 

Xylene 
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Table 2-15: (Partial): Metals 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
C h to mi u m 
Cobalt 
Copper 
Iron 
Lead 

. Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selen i u m 
Silver 
Sodium 
Thallium 
Vanadi um 
Zinc 

328 
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. RFI GUIDANCE FEEDBACK QUESTIONNAIRE 

Commenter 

Office or Organization 

Phone Number 

1. 

2. 

3. 

4. 

S. 

355 

Does the format of the guidance lend itself to easily finding specific topics of 
concern when needed? (Please provide any suggestions you may have to 
improve the format). 

Does the guidance provide adequate information on how to develop an RFI 
Work Plan? (Provide suggestions if applicable). 

Are the technical methods in fhe'guidance up-to-date? Are there other technical 
methods that should be added? 

Does the guidance provide sufficient examples to perform investigatory tasks? 

Other comments or suggestions? 

3 2'9 
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ABSTRACT 

355 

On November 8, 1984, Congress enacted the Hazardous and Solid Waste 
Amendments (HSWA) to RCRA. Among the most significant provisions of HSWA are 
§3004(u), which requires corrective action for releases of hazardous waste or 
constituents from solid waste management units a t  hazardous waste treatment, 
storage and disposal facilities seeking final RCRA permits; and §3004(v), which 
compels corrective action for releases that have migrated beyond the facility 
property boundary. €PA will be promulgating rules to implement the corrective 
action provisions of HSWA, including requirements for release investigations and 
corrective measures. 

This document, which is presented in four volumes, provides guidance to 
regulatory agency personnel on overseeing owners or operators of hazardous waste 
management facilities in the conduct of the second phase of the RCRA Corrective 
Action Program, the RCRA Facitity Investigation (RFI). Guidance is provided for the 
development and performance of an investigation by the facility owner or operator 
based on determinations made by the regulatory agency as expressed in the 
schedule of a permit or in an enforcement order issued under §3008(h), 97003, 
and/or 53013. The purpose of the RFI is to obtain Information to fully characterize 
the nature, extent and rate of migration of releases of hazardous waste or 
constituents and to interpret this information to determine whether interim 
corrective measures and/or a Corrective Measures Study may be necessary. 
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DISCLAIMER 

This document is intended to assist Regional and State personnel in exercising 
the discretion conferred by regulation in developing requirements for the conduct 
of RCRA Facility Investigations (RFIs) pursuant to 40 CFR 264. Conformance with this 
guidance is expected to result in the development of RFls that meet the regulatory 
standard of adequately detecting and characterizing the nature and extent of 
releases. However, €PA will not necessarily limit acceptable RFls to  those that 
comport with the guidance set forth herein. This document is not a regulation (Le., 
it does not establish a standard of conduct which has the force of law) and should 
not be used as such. Regional and State personnel must exercise their discretion in 
using 'this guidance document as well as other relevant information in determining 
whether an RFI meets the regulatory standard. 

Mention of company or product names in this document should not be 
considered as an endorsement by the US. Environmental Protection.Agency. 
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SECTION 9 

SOIL 

9 .l Overview 

The objective of an investigation of a release to soil is to characterize the 
nature, extent, and rate of migration of a release of hazardous waste or 
constituents to that medium This section provides: 

. 0 An example strategy for characterizing releases to soils, which includes 
characterization of the source and the environmental setting of the 
release, and conducting a monitoring program that will characterize the 
release. 

0 

0 

Formats for data organization and presentation; 

Field methods that may be used in the invesfigation; and 

0 A checklist o f  information that may be needed for release 
characterization. 

The exact type and amount of information required for sufficient release 
~ characterization will be site-specific and should be determined through interactions 
between the regulatory agency and the facility owner or operator during the RFI 
process. This guidance does not define the specific data needed in all instances; 
however, it identifies possible information that might be necessary to perform 
release characterizations and methods for obtaining this information. The RFI 
Checklist, ‘presented at the end of this section, provides a- tool for planning and 
tracking information for release characterization. This l ist  is not meant to be a l i s t  
of requirements for all releases to soil. Some release investigations will involve the 
collection of only a subset of the items listed, while others may involve the 
collection of additional data. 

9- 1 



9.2 Approach for characterizing Releases to Soil 

9.2.1 General Approach 

A preliminary task in any soil investigation should be to review existing site 
information that might help to define the nature and magnitude of the release. 
Information supplied by the regulatory agency in permit conditions or an 
enforcement order will indicate known or suspected releases to soil from specific 
units at the facility needing investigation; and may also indicate situations where 
inter-media contaminant transfer should be investigated. 

A conceptual model of the release should be formulated using all available 
information on the waste, uni t  characteristics, environmental setting, and any 
existing monitoring data. This model (not a computer or numerical simulation 
model) should provide a working hypothesis of the release mechanism, transport 
pathway/mechanism, and exposure route (i f  any). T h e  model should b e  
testableherifiable and flexible enough to be modified as new data become 
available. For soil investigations, this model should account for the  ability of the 
waste to be dissolved by infiltrating percipitatibn, its affinity for soil particles (i.e., 
sorption), its degradability (biological and chemical), and its decomposition 
products. Unit-specific factors affecting the magnitude and configuration of the 
release should also be incorporated (e.g., large area releases from land treatment 
versus more localized releases from small drum storage areas). The conceptual 
model should also address the potential for transfer of contaminants in soil to other 
environmental media (e.g., overland runoff to surface water, leaching to ground 
water, and volatilization to the atmosphere). 

Characterizing contaminant releases to soils may employ a phased approach. 
Data collected during an initial phase can be evaluated to determine the need for or 
scope of subsequent efforts. For example, if a suspected release was identified by 
the regulatory agency, the initial monitoring effort may be geared to release 
verification. Table 9-1 presents an example of a release characterization strategy. 
The intensity and duration of the investigation will depend on the complexity of the 
environmental setting and the nature and magnitude (e.g., spatial extent and 
concentrations) of the release. 

- ,  
. _ L  -- - 

-'.- 348 - 
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TABLE 9-1 

EXAMPLE STRATEGY FOR CHARACTERIZING RELEASES TO SOIL' 

INITIAL PHASE 

1. Collect and review existing information on: 

- Waste - Unit - Environmental setting - Releases, including inter-media transport 

2. Identify additional information necessary to fully characterize release. 

- Waste 
- Unit - Environmental setting - Releases, including inte.r-media transport 

. .  

3. Develop monitoring procedures: 

.. . 

Formulate conceptual model of release 
Determine monitoring program objectives 
Select constituents and indicators to be monitored 
Plan initial sampling based on unit/waste/environmental setting 
characteristics and conceptual model. May include field screening 
methods, if appropriate. 
Define study and background areas 
Determine sampling-methods, locations, depths and numbers 
S i  m pI i n g f req u en cy 
Analytical methods 
QNQC procedures 

j 349 I 
I . - _. 
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TABLE 9-1 (Continued) 

EXAMPLE STRATEGY FOR CHARACTERIZING RELEASES TO SOIL* 

4 Conduct initial monitoring phase: 

-. Employ field screening methods, if appropriate 
- Conduct init ial soil sampling and other appropriate field 

measurements - Collect geologic data - Analyze samples for selected constituents and indicators 

5. Collect, evaluate, and report results: . 

- Compare monitoring results to health and environmental criteria and 
identify and respond to emergency situations and identify priority 
situations that may warrant interim corrective measures - Notify 
regulatory agency 
Evaluate potential for inter-media contaminant transfer 
Summarize and present data in an appropriate format 

monitoring locations, constituents and fre uency were adequate to 
characterize release (nature, rate and extent s ) 
Report results to regulatory agency 

- - 
- Determine if monitoring program objectives were met (e.g., - 
- 

SUBSEQUENT PHASES (if necessary) 

1. Identify additional information necessary to characterize release: 

- Determine need to expand or include further soil stratigraphic and 
hydrologic sampling - Information needed t o  evaluate potential for inter-media 
contaminant transfer (e.g., leachin-g studies to evaluate potential-for 
ground-water contamination) ’ 

2. Expand monitoring network as necessary: 

- 
- 
- - 

Expand area of field screening, if appropriate 
Expand sampling area and/or increase density 
Add or delete constituents and parameters of concern 
Increase or decrease monitoring frequency 

-\ 
-. 
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TAB E 9-1 ,&tinued) . 

.EXAMPLE STRATEGY FOR CHARACTERIZING RELEASES TO SOIL* 

3. Conduct subsequent monitoring phases: 

- - Perform expanded monitoring and field analyses 
Analyze samples for selected constituents and parameters 

4. Collect, evaluate, and report resultslidentify additional information 
necessary to characterize release: 

- Compare results to health and environmental criteria and identify and 
respond to emergency situations and identify priority situations that 
warrant interim corrective measures - Notify regulatory agency 
Summarize and present data in appropriate format 
Determine if monitoring program objectives were met 
Determine if monitoring locations, constituents, and frequency were 
adequate to characterize release (nature, extent, and rate) 
Determine need to expand monitoring system 
Evaluate potential for inter-media contaminant transfer 
Report results to regulatory a ency, including results of inter-media 

- - - 
- - - 

transfer evaluation, if applicab B e. 

- 

The possibility for inter-media transfer of  contamination should be 
anticipated throughout the investigation. 
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The owner or operator should plan the initial characterization effort with all 
available information on the site, including wastes and soil characteristics. During 
the initial phase, constituents of concern as well as indicator parameters should be 
identified that can be used to characterize the release and determine the 
approximate extent and rate of migration of the release. Table 9-2 lists tasks that 
can be performed to characterize a release to soils and displays the associated 
techniques and outputs from each of these tasks. Soil characteristics and other 
environmental factors include 1) surface features such as topography, erosion 
potential, land-use capability, and vegetation; 2) stratigraphidhydrologic features 
such as soil profile, particle site distribution, hydraulic conductivity, pH, porosity, 
and cation exchange capacity; and 3) meteorological factors such as temperature, 
precipitation, runoff, and evapotranspiration. Relevant soil physical and chemical 
properties should be measured and related to waste properties to determine the 
potential mobility of the contaminants in the soil. 

As monitoring data become available, both within and a t  the conclusion of 
discrete investigation phases, it should be reported to the regulatory agency as 
directed. The regulatory agency will compare the mbn'itoring data to applicable 
health and environmental criteria to determine the need for (1) interim corrective 
measures; and/or (2) a Corrective Measures Study. In addition, the regulatory 
agency will evaluate the monitoring data with respect to  adequacy and 
completeness to determine the need for any additional monitoring efforts. The 
health and environmental criteria and a general discussion of how the regulatory 
agency will apply them are supplied in Section 8. A flow diagram illustrating RFI 
decision points is provided in Section 3 (see Figure 3-2). 

Notwithstanding the above process, the owner or operator has a continuing 
responsibility to identify and respond to emergency situations and to define priority 
situations that may warrant interim corrective measures. For such situations, the 
owner or operator is directed to obtain and follow the RCRA Contingency Plan 
requirements under 40 CFR Part 264, Subpart D, and Part 265, Subpart D. 

As indicated above, depending on the results of the initial phase, the need for 
further characterization will be determined by the regulatory agency. Subsequent 
phases, if necessary, may involve expansion of the sampling network, changes in the 
study area, investigation of contaminant transfer to other media, or other 

-n-- - 
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TABLE 9-2 

RELEASE CHARACTERIZATION TASKS FOR SOILS 

Investigatory Tasks 

1 Waste/Unit 
Characterization 

2. Environmental Setting 
Characterization 

- Determine surface 
features and 
topography 

- Characterize soil 
strati raphyand 
hydro 1 OgY 

- Meteorological 
Conditions 

1. Release Characterization 

Investigatory Techniques 

Refer to Sections 3 and 7 . 

Aerial photography or 
mapping (See Appendix A 

Soil core examination 

Measurement of soil 
propertres 

On-site meteorological 
monitoring 

Field Screening 

- 

Sampling and Analysis 

Soil Transport MgPeling 

Data Presentation 
Forma tr/Outputs 

- Tablqof monitoring 
const!tuents and their 
chemical/physical properties 

- Tablqof unit features 
contributing to soil releases 

Soilsurve map 

Photographs 

Soil boring logs 

Soil profile, transect, or 
fence diagram 

Particle size distribution . 

Table of unsaturated 
hydraul.ic conductivities for 
each soil layer 

Table of soil chemistry and 
structure (e.g., pH, porosity) 
for each soil type . 

Temperature charts 

Tables of monthly and 
annual precipitation, 
runoff, and evapo- 
transpiration 

Topograp K i c  map 

- Maps and tables showing 
results of soil gas surveys 

- Tables and graphs showing 
results.of chemical analyses 
performed in the field 

- Map of sampling points 

.- Table of constituent 
concentrations measured a t  
each sampling point 

- Area and profile maps of 
site, showin distribution of 
contaminant 

- Table of input va'lues, 
boundary conditions, 
output values, and 
modeling assu m ptions 

Maps of resent or future 
extent ofcontamination 
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objectives dictated by the initial findings. The owner or operator may propose to 
use mathematical models (e.g., chemical, physical) to aid in the choice of additional 
sampling locations or to estimate contaminant mobility in soil. The results of all 
characterization efforts should be organized and presented to the regulatory 
agency in a format appropriate to the data. 

Case Study Numbers 2, 3, 15, 16 and 17 in Volume IV (Case Study Examples) 
illustrate various aspects of soil investigations. 

9.2.2 Inter-media Transport 

' 

As mentioned above, the potential for inter-media transfer of releases from 
the soil medium to other media is significant. Contaminated soil can be a major 
source of contamination to ground water, air, subsurface gas and surface water. 
Hazardous wastes or constituents, particularly those having a moderate to high 
degree of mobility, can leach from the soil to the ground water. Volatile wastes or 
constituents can contribute to subsurface gas and releases to air. Contaminated 
soils can also contribute to surface water releases, especially through run-off during 
heavy rains. Application of the universal soil loss equation (See Section 13.6) can 
indicate whether inter-media transport from soil to surface water as a result of 
erosion can act as a source of contamination. The owner or operator shoulb 
recognize the potential for inter-media transport of releases to soil and should 
communicate as appropriate with the regulatory agency when such transport is 
suspected or identified during the investigation. 

Similarly, the potential for inter-media transport of constituents from other 
media to the soil also exists. For example, hazardous waste or constituents may be 
transported to the soil via atmospheric deposition (especially during rain or 
snowfall events) through the air medium, and also through releases of subsurface 
gas. The guidance provided in this section addresses characterization of releases to 
soil from units and also can be used to characterize releases to soil as a result of 
inter-media transport through other media. A key to such characterization is 
determining the nature of the contaminant source, which is described in Section 9.3. 

It is also important to.recognize that where multiple media appear to be 
contaminated, 2 -  the investigation can be coordinated to provide results that can 
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apply to more than one of the affected media. For example, soil-gas analysis (e.g., 
using a portable gas chromatograph during the subsurface investigation) can be 
used to investigate releases to soil and subsurface gas releases, and may also 
provide information concerning the spatial extent of contaminated ground water 

93 Characterization of the Contaminant Source and the Environmental 
Setting 

9.3.1 - 'Waste Characterization 

The physical and chemical properties of the waste or i ts  constituents affect 
their fate and transport in soil; and, therefore affect the selection of sampling and 
analytical methods. Identification of monitoring constituents and the use of 
indicator parameters is discussed in Section 3 and Appendix B. Sources of 
information and sampling techniques for determining waste characteristics are 
discussed in detail in Section 7 .  

Chemicals released to soil may undergo transformation or degradation by 
chemical or biological .mechanisms, may be adsorbed onto soil particles, or may 
volatilize into soil pore spaces or into the air. Table 9-3 summarizes various physical, 
chemical, and biological transformation/transport processes that may affect waste 
and waste constituents in soil. 

a. 

The chemical properties of the .contaminants of concern also influence the 
choice of sampling method. Important considerations include the water solu'bility 

. and volatility of the contaminants, and the potential hazards to equipment and 
operators during sampling. For example, water soluble compounds that are mobile 
in soil water may be detected by pore-water sampling and whole soil sampling. 
Volatile organic contaminants require specialized sampling and sample storage 
measures to prevent losses prior to analysis. Viscous substances require different 
sampling techniques due to their physical properties. 

Reactive, corrosive, or explosive wastes may pose a potential hazard to 
personnel during soil sampling. High levels of organic contamination may also 
cause health problems due to toxicity. For example, landfills can produce methane 
gas that can explode if ignited by sparks or heat from the drilling operation. 

(----- A_ 
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TABLE 9-3 
TRANSFORM ATIONnRAN SPORT PROCE SS E S IN SOIL 

~~ 

Process 

aiodegradation 

'hotodegradation 

iydrolysis 

lxid at  i on/red uction 

/olati I iration 

i d  sorption 

1 issol u ti on 

Key Factor 

Waste deg rada bility 
Waste toxicity 
Acclimation of microbial community 
Aerobidanaerobic conditions 
PH 
Temperature 
Nutrient concentrations 
Solar irradiation 
Exposed surface area 
Functional roup of chemical 
Soil pH and % uffering capacity 
Temperature 
Chemical class of contaminant 
Presence of oxidizing agents 
Partial pressure 
Henry's Law Constant . 

Soil porosity 
Temperaltu re 
Effective surface area of soil ' 

Cation exchange capacity (CEC) 
Fraction organic content (Foe) of soil 
Octanolhvater partition coefficient (KO,) 
solubility 
Soil pH and buffering capacity 
Complex formation 

I .  
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Corrosive, reactive, or explosive wastes can also damage soil sampling equipment or 
cause fires and explosions. Appropriate precautions to prevent such incidents 
include having an adequate health and safety plan in place, using explosimeters or 
organic vapor detectors as early-warning devices, and employing geophysical 
techniques to help identify buried objects (e.g., to locate buried drums). All 
contaminated soil samples should be handled as if they contain dangerous levels of 
hazardous wastes or Constituents. 

Identity and composition of contaminants--The owner or operator should 
identify and provide approximate concentrations for any constituents of concern 
found in the original waste and, if available, in leachate from any releasing unit. 
Identification of other (non-hazardous) waste components that .may affect the 
behavior of hazardous constituents or may be used as indicator parameters is also 
recommended. Such components may form a primary leachate causing transport 
behavior different from water and may also mobilize hazardous constituents bound 
to the soil. Estimations of transport behavior can help to focus the determination of 
sampling locations. 

Physical state of contaminants--The physical state (solid, liquid, or gas) of the 
contaminants in the waste and soil should be determined by inspection or from site 
operating records. Sampling can then be performed a t  locations most likely to 
contain the contaminant. 

Viscosity--The viscosity of any bulk liquid wastes should be determined to 
estimate potential mobility in soils. A liquid with a lower viscosity will generally 
travel faster than one of a higher viscosity. 

pH--Bulk liquid pH may affect contaminant transport in a t  least two ways: 
(1) it may alter the chemical form of acids and bases, metal salts, and other metal 
complexes, thereby altering their water solubility and soil sorpion properties, and 
(2) it may alter the soil chemical or physical makeup, leading to changes in sorptive 
capacity or permeability. For example, release of acidic (low pH) wastes in a karst 
(e.g., limestone) environment can lead to the formation of solution channels. See 
Section 10.3 for more information on karst formations. 

r357 I 

9-1 1 



Dissociation constant (pKa)--For compounds that are appreciably ionized 
within the expected range of field pH values, the pKa of the compound should be 
determined. Ionized compounds have either a positive or negative charge and are 
often highly soluble in water; therefore, they are generally more mobile than in 
their neutral forms when dissolved. Compounds that may ionize include organic 
and inorganic acids and bases, phenols, metal salts, and other inorganic complexes. 
Estimated contaminant concentration isopleths can be plotted with this 
information and can be used in determining sampling locations. 

Density--The density of major waste components should be determined, 
especially for liquid wastes. Components with a density greater than water, such as 
carbon tetrachloride, may migrate through soit layers more quickly than 
components less dense than water, such as toluene, assuming viscosity to be 
negligible. Density differences become more significant when contaminants reach 
the saturated zone. Here they may sink, float, or be dissolved in the ground water. 
Some fraction of a "sinker" or "floater" may also be dissolved in the ground water. 

. 

Water sol ubi lity--Th is ch emica I property in f 1 u ences constituent mob i I i t y  a n d 
sorption of chemicals to soil particle surfaces. Highly water-solu ble compounds are 
generally very mobile in soil and ground water. Liquid wastes that have low 
solubility in water may form a distinct phase in the soil with flow behavior different 
from that of water. Additional sampling locations may be needed to characterize 
releases of insoluble species. 

Hehrv's Law constant--This parameter indicates the partitioning ratio of a 
chemical between air and water phases a t  equilibrium. The larger the value of a 
constituent's Henry's Law Constant, the greater is the tendency of the constituent 
to volatilize from water surrounding soil particles into soil pore spaces or into 

. above-ground air. The Henry's Law Constant should be considered in assessing the 

. potential for inter-media transport of constituents in soil gas to the air. Therefore, 
this topic is also discussed in the Subsurface Gas and Air sections (Sections 11 and 
12, respectively). Information on this parameter can help in determining which 
phases to sample in the soil investigation. 

OctanolMlater partition coefficient (KO,)--The characteristic distribution of a 
chemical between an aqueous phase and an organic phase (octanol) can be used to 

- . -  
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predict the sorption of organic chemicals onto soils. It is frequently expressed as a 
logarithm (log KO,). In transport models, Kow is frequently converted to Koc, a 
parameter that takes into account the organic content of the soil. The empirical 
expression used to calculate Kw is: Koc = 0.63 K&,foc, where foc is the fraction by 
weight of organic carbon in the soil. The higher the value of Kow (or Koc) the 
greater the tendency of a constituent to adsorb to soils containing appreciable 
organic carbon. Consideration of this parameter will also help in determining which 
phases to sample in the soil investigation. 

Biodearadability-There is a wide variety of microorganisms that may be 
present in the soil. Generally, soils that have significant amounts of organic matter 
will contain a higher microbial population, both in density and in diversity. 
Microorganisms are responsible for the decay and/or transformation of organic' 
materials and thrive mostly in the "A" (uppermost) soil horizon where carbon 
content is generally highest and where aerobic digestion occurs Because some 
contaminants can serve as organic nutrient sources that soil microorganisms will 
digest as food, these contaminants will be profoundly affected within organic soils. 
Digestion may lead to complete decomposition, yielding carbon dioxide and water, 
but more often results in partial decomposition . and transformation into other ' 

substances. Transformation products will likely have different physical, chemical or 
toxicological characteristics than .the original contaminants. These products may 
also be hazardous constituents (some with higher toxicities) and should therefore 
be considered in developing monitoring programs. The decomposition or 
degradation rate depends on various factors, including: 

0 The molecular structure of the contaminants. Certain manmade 
compounds (e.g., PCBs and chlorinated pesticides) are relatively 
nondegradable (or persistent), whereas others (e.g., methyl alcohol) are 
rapidly consumed by bacteria. The owner or operator should consult 
published lists of compound degradability, such as Table 9-4, to estimate 
the persistence of waste constituents in soil. This table provides relative 
degradabilities for some organic compounds and can be an aid to 
id en t i f y  i n g appropriate m o n i to r i  n g constituents and i n d i ca t o r 
parameters. It may be especially useful for older releases where 
degradation may be a significant factor. For example, some of the 
parent compounds that are relatively degradable (see Table 9-4) may 

. 
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T&CE5-4. BODdCOD RATIOS FOR VARIOUS ORGANIC COMPOUNDS* 

I 

REuTlVELY UNOEGRAOABLE 

Butane -0 
Butylene -0 
Carbon tetrachloride -0 
Chloroform -0 
1 ,&Dioxane -0 

I I I Compound I Ratio I Compound Ratio 

MODERATELY DEGRADABLE 
(CONT‘D) 
Mineral spirits -0.02 
Cyclohexanol 0.03 
Acrylonitrile 0.03 1 
Nonanol >0.033 
Undecanol < 0.04 

I 

Ethane 
Heptane 
Hexane 
Isobutane 

-0 Methylethylpyridine 0.04-0.75 
-0 1 -Hexene < 0.044 
-0 Methyl isobutyl ketone < 0.044 
-0 Diethanolamine 0.049 

isobutylene 
Liquefied natural gas 
Liauefied petroleum gas 

I Methane I -0 I sec-Butvl acetate I 0.07-0.23 I 

-0 Formic acid 0,os 
-0 Styrene >0.06 
-0 Hemanol < 0.07 

Methyl bromide 
Methvl chloride 
I Monochlorodifluoromethane I -0 ’ I Acetonitrile I 0.079 I 

-0 n-Butyf acetate 0.07-0.24 
-0 Methvl alcohol 0.07-0.73 

I 

Nitrobenzene -0 Ethylene glycol 0.081 
Propane -0 Ethylene glycol monoethyl ether < 0.09 
Propylene -0 Sodium cyanide < 0.09 
I 

IProovlene oxide . I  -0 I Linear alcohols ( 1  2- 15 carbons) 1 >0.09 1 
~~ ~~ ~ ~~ 

lfetrachloroethvlene I -0 IAllvl alcohol I 0.09T-l 
~~ 

3etrahydronaphthalene -0 Dodecanol 0.097 
1 Pentrene < 0.002 RELATIVELY DEGRADABLE 
Ethylene dichloride 0.002 Valeraldehyde < 0-1 0 
1 Octene >0.003 n-Decyi alcohol >o. 10 
Morpholine e0 .004  p-Xylene < O . l l  

Propylene oxide 
Tetrachloroethylene 
Tetrahydronaphthalene 
1 Pentrene 
Ethylene dichloride 
1 Octene 
Morpholine 

-0 Linear alcohols ( 1  2- 15 carbons) >0.09 
-0 Allyl alcohol 0.091 
-0 Dodecanol 0.097 

< 0.002 RELATIVELY DEGRADABLE 
0.002 Valeraldehyde < 0-1 0 

>0.003 n-Decyi alcohol >o. 10 
e0 .004  p-Xylene < O . l l  

b 
Ethylenediaminetetracetic acid 0.005 Urea 0.1 1 
Triethanolamim e0.006 Toluene CO.12 
o-Xvlene C0.008 Potassium cyanide 0.12 
m-Xylene 
Ethvl benzene 

I -0.02 I Adioonitrile I 0.17 I 

c0.008 - Isopropyl acetate C0.13 
< 0.009 Amvl acetate 0.13-0.34 

MODERATELY DEGRAOABLE Chlorobenzene 0.15 
Ethyl ether 0.012 Jet fuels (various) -0.15 
Sodium alkylbenzenerulfonates -0.01 7 Kerosene -0.15 

Monoisopropanolamine <0.02 Range oil -0.15 

. 
Gas oil (cracked) -0.02 Givcerine C0.16 



TABLE 9-4. (Continued) 355 
e 

a. 

Compound I Ratio I Compound 1. Ratio 
I 

RELATIVELY DEGRADABLE I I RELATIVELY DEGRADABLE I I 

n-Eutvraldehvde I . c0.43 IHvdrazine I 1.0 I 

'Source: US. €PA 1985. Handbook: Remedial Action at Waste Disposal Sites (Revised). 
EPA/625/6gS/006. NflS PB82-239050. Office of Emergency and Remedial Response. 
Washington, D.C. 20460. 
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have been reduced to carbon dioxide and water or other decomposition 
products prior to sampling. Additional information on degradability can 
be found in Elliott and Stevenson, 1977; Sims et  at, 1984; and US. €PA, 
1985. See Section 9.8 for complete citations for these references. . 

0 Moisture content. Active biodegradation does not generally occur in 
relatively dry soils or in some types of saturated soils, such as those that 
are saturated for long periods of time, as in a bog. 

The presence or absence of oxygen in the soil. Most degradable 
chemicals decompose more rapidly in aerobic (oxygenated) soil. 
Although unsaturated surficial soils are generally aerobic, anaerobic 
conditions may exist under landfills or other units. Soils that are 
generally saturated year round are relatively anaerobic (e.g., as in a bog); 
however, most saturated soils contain enough oxygen to support active 
biodegradation. Anaerobic biodegradation, however, can also be 
significant in some cases. For example, DDT degrades more rapidly under 
anaerobic conditions than under aerobic conditions. 

0 Microbial adaptation or acclimation. Biodegradation depends on the 
presence in the soil of organisms capable of metabolizing the waste 
constituents. The large and varied population of miqoorganisms in soil 
is likely to have some potential for favorable growth using organic 
wastes and constituents as nutrients. However, active metabolism 
usually requires a period of adaptation or acclimation that can range 
from several hours to several weeks or months, depending on the- 
constituent or waste properties and the microorganisms involved. 

The availability of contaminants to micro-organisms. Releases that occur 
below the upper 6 to 8 inches of soil are less likely to be affected because 
fewer micro-organisms exist there. In addition, compounds with greater 
aqueous solubilities are generally more available for degradation. 
However, high solubility also correlates directly to the degree of  
mobility. If relatively permeable soil conditions prevail and constituents 
migrate rapidly, they are less likely to be retained long enough in the soil 
for biodegradation to occur. 
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0 Other factors. Activity of organisms is also dependent on favorable 
temperature and pH conditions as well as the availability of other 
organic and inorganic nutrients for metabolism. 

Rates of Hydrolysis, Photolvsis, and Oxidation--Chemical and physical 
transformation of the waste can also affect the identity, amounts, and transport 
behavior of the waste constituents. Photolysis is important primarily for chemicals 
on the land surface, whereas hydrolysis and oxidation can occur a t  various depths. 
Published literature sources should be consulted to determine whether individual 
constituents are likely to degraded by these processes, but it should be recognized 
that most literature values refer to aqueous systems. Relevant references include 
Elliott and Stevenson, 1977; Sims et al, 1984; and U.S. EPA, 1985. Chemical and 
physical degradation will also be affected by soil characteristics such as pH, water 
content, and soil type. 

. 
9.3.2 Unit Characterization 

Unit-related factors that may be important in characterizing a release include: 

0 

‘ 0  

0 

0 

0 

9.3.2.1 

Unit design and operating characteristics; 

Release type (point-source or nonpoint-source); 

Depth of the release; 

Magnitude of the re1ease;’and 

Timing of the release. 

Unit Design and Operating Characteristics 

Information on design and operating characteristics of a unit can be helpful in 
characterizing a release, Table 9-5 presents important mechanisms of contaminant 
release to soils for various unit types. This.information can be used to identify areas 
for initial soil monitoring. 
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TABLE 9-5 
POTENTIAL RELEASE MECHANISMS FOR VARIOUS UNIT TYPES 

Unit T w e  
~ ~~~ 

Surface impoundment 

Landfill 

Waste Pile 

Land Treatment Unit 

-~ ~ _ _ _ _ _  ~ 

Container Storage Area 

~ 

Above-ground or 
in-ground Tank 

i nci neratoi 

Class I and IV Injection 
Wells 

Release Mechanisms 
~~ ~ ~~~ 

Loadi nglunloadi ng areas 
Releases from overtopping 

Seepage 

Migration of releases outside the unit's runoff collection , 

and containment system 

Migration of releases outside the containment area from 
loading and unloading operations 

Leakage through dikes or unlined portions to surrounding 
soils 

Migration of runoff outside the unit's runoff collection and 
containment system 

Migration of releases outside the containment area from 
loading and unloading operations. 

Seepage through underlying soils 

Migration of runoff outside the containment area 

Passage of leachate into the soil horizon 
~ ~ ~ ~~ ~ ~~~~ ~ 

Migration of runoff outside the containment area 
Loadi nglunloadi ng areas 
Leaking drums 

~~ ~~~ ~ ~ _ _ _ _ _  ~ ~~ ~~~ 

Releases from overflow 

Leaks through tank shell 

kakage from coupling/uncoupling operations 

Leakage from cracked or corroded tanks 

Routine releases from waste handlinglpreparation activities 

Leakage due to mechanical failure 

Leakage from waste handling operations a t  the well head 

Waste transfer stations and waste recycling operations generally have mechanisms of 
release similar to tanks. 

9-18 



355 
9.3.2.2 Release Type (Point or Non-Point Source) 

The owner or operator should establish whether the release involved a 
localized (point) source ora non-point source. Units that are likely sources of 
localized releases to soil include container handling and storage areas, tanks, waste 
piles, and bulk chemical transfer areas (e.g., loading docks, pipelines, and staging 
areas). Non-point sources may include air borne particulate contamination 
originating from a land treatment unit and widespread leachate seeps from a 
landfill. Land treatment can also result in widespread releases beyond the 
treatment zone if such units are not properly designed and operated; refer to EPA's 
Permit Guidance Manual on Hazardous Waste Land Treatment Demonstration, July, 
1986 (NTIS P886-229192) for additional information on determining contamination 
from land treatment units. This manual also discusses use of the RlTZ model 
(Regulatory and Investigation Treatment Zone Model), which may be particularly 
useful for evaluating mobility and degradation within the treatment zone. This 
model is discussed in more detail in Section 9.4.4.2. 

The primary characteristic of a localized release is generally a limited area of 
. relatively high contaminant concentration surrounded by larger areas of relatively 

clean soil. Therefore, the release characterization should focus on determining the 
boundaries of the contaminated area to minimize the analysis of numerous 
uncontaminated samples. Where appropriate, a survey of the area with an organic 
vapor analyzer, portable gas chromatograph, surface geophysical instruments (see 
Appendix C), or other rapid screening techniques may aid in narrowing the area 
under investigation. Stained soil and stressed vegetation may provide additional 
indications of contamination. However, even if the extent of contamination 
appears to be obvious, it is the responsibility of the owner or operator to verify 
boundaries of the contamination by analysis of samples both inside and outside of 
the contaminated area. 

0 

Non-point type releases to soil may also result from deposition of particulates 
carried in the air, such as from incinerator "fallout". Such releases generally have a 
characteristic distribution with concentrations oft en d ec re asi n g I og a r i t h mica I I y 
away from the source and generally having low variability within a small area. The 
highest contaminant concentrations tend to follow the prevailing wind directions 
(See also Section 12 on Air). Non-point releases occurring via other mechanisms 

J -  
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(e.g., land treatment) may be distributed more evenly over the affected area. In 
these situations, a large area may need to be investigated in order to determine the 
extent of contamination. However, the relative lack of "hot spots" may allow the 
number of samples per unit area to be smaller than for a point source type release. 

9;3.2.3 Depth of the Release 

The owner or operator should consider the original depth of the release to soil 
and the depth to which contamination may have migrated since the release. Often, 
releases occur at the soil surface as'a result of spillage or leakage. Releases directly 
to the subsurface can occur from leaking underground tanks, buried pipelines, 
waste piles, impoundments, landfills, etc. 

Differentiating between deep and shallow soil or surficial soil can be 
important in sampling and in determining potential impacts of contaminated soil. 
Different methods to characterize releases within deep and surficial soils may be 
used. For example, sampling of surficial soil may involve the use of shovels or hand- 
driven coring equipment, whereas deep-soil contamination usually requires the use 
of power-driven equipment (see Section 9.6 for more information). In addition, 
deep-soil and surficial-soil contamination may be evaluated differently in the health 
and environmental assessment process discussed in Section 8.  Assessment of 
surficial-soil contamination will involve assessing risk from potential ingestion of 
the contaminated soil as well as assessing potential impacts to ground water. The 
assessment of deep-soil contamination may be limited to determining the potential 
for the soil to act as a continuing source of potential contamination to ground 
water. 

For purposes of the RFI, surficial or shallow-zone soils may be defined as those 
comprising the upper 2 feet ofearth, although specific sites may exhibit surficial soil 
extending to depths of up to 12 feet or more. Considerations for determining the 
depth of the shallow-soil zone may include: 

-'. 
Meteorological conditions (e.g., precipitation, erosion due to high winds, 
evaporation of soil-pore gases); 
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0 Potential for excessive surface runoff, especially if runoff would result in 

gully formation; 

0 Transpiration, particularly from the root zone, and effects on vegetation 
and animals, including livestock, that may feed on the vegetation; and 

Land use, including potential for excavationkonstruction, use of the soil 
for fill material, installation of utilities (e.g., sewer lines or electrical 
cables), and farming activities. 

Land use that involves housing developments is an example of when the 
su;ficial soil depth may extend to 12 feet because foundation excavation may result 
in deep contaminated soils being moved to the surface. Deep-soil zones, for 
purposes of the RFI, may be defined as those extending from 2 feet below the land 
surface to the ground-water surface. If deep-soil contamination is already affecting 
ground water (through inter-media transport) a t  a specific site, consideration 
should be given to evaluating the potential for such contamination to act as a 
con t i n u i n g source of g ro u nd -wa ter contamination. 

The depth to which a release may migrate depends on many factors, including 
volume of waste released, amount of water infiltrating the ;oil, age of the release, 
and chemical and physical properties of the waste and soil (as addressed in the 
previous section). In a porous, homogeneous soil, contaminants tend to move 
primarily downward within the unsaturated zone. Lateral movement generally 
occurs only through dispersion and diffusion. However, changes in soil structure or 
composition with depth (e.g., stratification), and the presence of zones of 
seasonally saturated soil, fractures, and other features may cause contaminants to 
spread horizontally for some distance before migrating downward. Careful 
examination of soil cores and accurate measurement of physical properties and 
moisture content of soil are therefore essential in estimating the potential for 
contaminant transport. 

Transport of chemicals in the soil is largely caused by diffusion and mass flow. 
Diffusion results from random thermal motion of molecules. Mass flow, also known 
as convective flow, is transport by a flowing liquid or by a gaseous phase. Mass flow 
is typically downward (due to gravity); however, mass flow could also be upward 

F 
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due to capillary action (e.g., if significant evaporation occurs a t  the surface). Mass 
flow is a much faster transport mechanism than is diffusion (Morrill e t  al., 1985). 

Other factors that can promote downward contaminant migration include 
turnover of soil by burrowing animals, freerelthaw cycles, and plowing or other 
human activities. All factors that may affect the depth of contamination should be 
considered. The owner or operator should use available information to estimate 
the depth of Contamination and should then conduct sampling a t  appropriate 
depths to confirm these estimates. 

Approaches to monitoring releases to soil will differ substantially depending 
on the depth of contamination. For investigations of both surficial and deep-soil 
contamination, a phased approach may be used. Initial characterization will often 
necessitate a judgmental approach in which sampling depths are chosen based on 
aveila ble information (e.g., topography, soil stratigraphy, and visual indication of a 
release). Information derived from this initial phase can then be used to refine 
estimates of contaminant distribution and transport. This information will serve as 
a basis for any subsequent monitoring that may be necessary. 

Where the source or precise location of a suspected release has not been 
clearly identified, field screening methods (See Section 9.6) may be appropriate. 
Subsurface contamination can be detected by using geophysical methods or soil gas 
surveying equipment (e.g., organic vapor analyzers). Geophysical methods, for 
example, can help in locating buried drums. Sail gas surveys can be useful in 
estimating the lateral and vertical extent of soil contamiiration. Further delineation 
of the vertical extent of contamination may necessitate an additional effort such as 
core sampling and! analysis. Sampling approaches for locating and delineating 
subsurface contaminant sources include systematic and random grid sampling. 
These approaches are discussed in Section 3. Geophysical methods are discussed in 
Section 10 (Ground Water) and in Appendix C (Geophysical Techniques). 

9.3.2.4 Magnitude of the Release 

Information on the magnitude of the release can.be estimated from site 
operating records, unit design features, and other sources. The quantity (mass) of 
waste released to soil and the rate of release can affect the geographical extent and 

c. 3.6 8- 
9-22 



355 
nature of the contamination. Each soil type has a specific sorptive capacity to bind 
contaminants. If the sorptive capacity i s  exceeded, contaminants tend to migrate 
through the soil toward the ground water. Therefore, a " minor" release may be, at  
least temporarily, immobilized in shallow soils, whereas a "major" release is more 
likely to result in ground-water contamination. The physical processes of 
volatilization and dissolution in water are also affected by contaminant 
concentrations and should, therefore, be considered in assessing the potential for 
inter-media transport. Section 9.4.4.3 provides additional guidance on estimating 
the mobility of constituents within contaminated soils. 

9.3.2.5 Timing of the Release 

Time-related factors that should be considered in characterizing a release 
include : 

. .  

0 Age of the release; 

0 Duration of the release; 

0 Frequency of the release; and 

. 

0 
0 Season (time of year). 

The length of time that has passed since a release occurred can affect the 
extent of contamination, the chemical composition of the contaminants present in 
soil, and the potential for inter-media transport. Recent releases tend to be more 
similar in composition to the parent waste material and may also be more 
concentrated within the original boundaries of the release. If a recent release 
occurred a t  the land surface, contaminant volatilization to air or dissolution in 
overland runoff may be important transport mechanisms. Older releases are more 
likely to have undergone extensive chemical or biological changes that altered their 
original composition and may have migrated a considerable distance from their 
original location. If the contaminants are relatively mobile in soil, transport to 
ground water may be a concern; whereas soil-bound contaminants may be more 
likely affected by surface transport, such as overland runoff or wind action. These 

a 
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factors should be considered in the selection of monitoring constituents and 
sampling locations. 

The duration and frequencyof the release can affect the amounts of waste 
released to the soil and i ts  distribution in the soil. For example, a release that 
consisted of a single episode, such as a ruptured tank, may move as a discrete "slug" 
of contamination through the soil. On the other hand, intetmittent or continuous 
releases may present a situation in which contaminants exist a t  different distances 
from the source and/or have undergone considerable chemical and biological 
decomposition. Therefore, the design of monitoring procedures and estimations of 
contaminant fate and transport should consider release duration and frequency. 

The time of year or season may also affect release,fate and transport. Volatile 
constituents are more likely to be released to the air or to migrate as subsurface gas 
during the warmer summer months. During the.colder winter months, releases may 
be less mobile, especially if freezing occurs. 

9.3.3 Characterization of the Environmental Setting 

The nature and extent of contamination is  affected by environmental 
processes such as dispersion and degradation acting after the release has occurred. 
Factors which should be considered include soil physical and chemical properties, 
subsurface geology and hydrology, and climatic or meteorologic patterns. These 
factors are discussed below. 

Characteristics of the soil medium which should be considered in order to. 
obtain representative samples for chemical or physical analysis include: 

0 The potentially large spatial variability of  soil properties and 
contaminant distribution; 

0 Spatial and temporal fluctuations in soil moisture content; and 

0 The presence of solid, liquid, and gaseous phases in the unsaturated 
zone. 

.> . . .  . .. - 
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9.3.3.1 Spatial Variability 

Spatial variability, or heterogeneity, can be defined as horizontal and vertical 
differences in soil properties occurring within the scale of the area under 
consideration. Vertical discontinuities are found in most soil profiles as a result of 
climatic changes during soil formation, alterations in topography or vegetative 
cover, etc. Soil layers show wide differences in their tendency to sorb contaminants 
or to transmit contaminants in a liquid form; therefore, a monitoring program that 
fails to consider vertical stratification will likely result in an inaccurate assessment of 
contaminant distribution. Variability in soil properties may also occur in the 
horizontal plane as a result of factors such as drainage, slope, land use history, and 
plant cover. 

Soil and site maps will aid in designing sampling procedures by identifying 
drainage patterns, areas of high or low surface permeability, and areas susceptible 
to wind erosion and contaminant volatilization. Maps of unconsolidated deposits 
may be prepared from existing soil core information, well drilling logs, or from 
previous geological studies. Alternately, the information can be obtained from new . 
soil borings. Because soil coring can be a resource-intensive activity, it is generally 
more efficient to also obtain samples from these cores for preliminary chemical 
analyses and to conduct such activity concurrent with investigation of releases to 
other media (e.g., groundwater). 

The number of cores necessary to characterize site soils depends on the site's 
geological complexity and size, the potential areal extent of the release, and the 
importance of defining small-scale discontinuities in surficial materials. Another 
consideration is the potential risk of spreading the contamination as a result of the 
sampling effort. For example, an improperly installed well casing could lead to 
leakage of contaminated water through a formerly low permeability clay layer. The 
risks of disturbing the subsurface should be'considered when determining the need 
for obtaining more data. 

Chemical and physical measurements should be made for each distinct soil 
layer, or boundary between layers, that may be affected by a release. During 
drilling, the investigator should note on the drilling log the depths of soil horizons, 
soil types and textures, and the presence of joints, channels, and zones containihg 

L 
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plant roots or animal burrows. Soil variability, if apparent, should generally be 
accounted for by increasing the number of sample points for measurement of soil 
chemical and physical properties. Determination of the range and variability of 
values for soil properties and parameters will allow more accurate prediction of the 
mobility of contaminants in the soil. 

9.3.3.2 Spatial and Temporal Fluctuations in Soil Moisture Content 

As described earlier in this section, there are several mechanisms for transport 
of waste constituents in the soil. Release migration can be increased by the physical 
disturbance of the soil during freerelthaw cycles or by burrowing animals. 
Movement can also be influenced by microbial-induced transformations. In 
addition, movement can occur through diffusion and mass flow of gases and liquids. 
Although al l  of these mechanisms exist, movement of hazardous waste or 
constituents through soil toward ground water occurs primarily by aqueous 
transport of dissolved chemicals in soil pore water. Soil moisture content affects the 
hydraulic conductivity of the soil and the transport of dissolved wastes through the 
unsaturated zone. Therefore, characterizing the storage and flow of water'in the 
unsaturated zone is very important..Moisture in the unsaturated zone is in a 
dynamic state and is constantly acted upon by competing physical forces. 

Water applied to the soil surface (primarily through precipitation) infiltrates 
-downward under the influence of gravity until the soil moisture content reaches 
equilibrium with capillary forces. A zone of saturation ( or wetting front) may occur 
beneath the bottom of a unit (e.g., an unlined lagoon) if the unit is providing a 
constant source of moisture. In a low porosity soil, such a saturation front may 
migrate downward through the unsaturated zone to the water table, and create a 
ground-water or liquid "mound" (see Figure 9-1). In a higher porosity soil, the 
saturation front may only extend a small distance below the unit, with liquid below 
this distance then moving through .the soil under unsaturated conditions toward 
ground water (see Figure 9-1). In many cases, this area will remain partially 
saturated until the capillary fringe area is reached. The capillary fringe can be 
defined as the zone immediately above the water table where the pressure is  less 
than atmospheric and where water and other liquids are held within the pore 
spaces against the force of gravity by interfacial forces (attractive forces between 

. 

different molecules). 
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In certain cases, soil moisture characterization can also be affected by the 
presence of isolated zones of saturation and fluctuations in the depth to ground 
water, as illustrated in Figure 9-1. Where there is evidence of migration below the 
soil surface, these factors should be considered in the investigation by careful 
characterization of subsurface geology and measurement of hydraulic conductivity 
in-each layer of soil that could be affected by subsurface contamination. 

9.3.3.3 Solid, Liquid, and Gaseous Materials in the Unsaturated Zone 

Soil in the unsaturated zone generally contains solid, liquid, and gaseous 
phases. Depending upon the physical and chemical properties of the waste or i ts  
constituents, contaminants of concern may be bound to the soil, dissolved in the 
pore water, as a vapor within the soil pores or interstitial spaces, or as a distinct 
liquid phase. The investigation shduld therefore take into consideration the 
predominant form of the contaminant in the soil. For example, some whole-soil 
sampling methods may lead to losses of volatile chemicals, whereas analysis of soil- 
pore water may not be able to detect low solubility compounds such as PCBs that 
remain primarily adsorbed in the solid phase. Release characterization procedures 
should consider chemical and physical properties of both the soil and the waste 
constituents to assist in determining the nature and extent of contamination. 

Soil classification--The owner or operator should classify each soil layer 
potentially affected by the release: One or more of the classification systems 
discussed below should be used, based on the objectives of the investigation. 

USDA Soil Classification System (USDA, 1975)--Primarily developed for 
agricultural purposes, the USDA system also provides information on 
typical soil profiles (e.g., 1-foot fine sandy loam over gravelly sand, depth 
to bedrock 12 feet), ranges of permeabilities for each layer, and 
approximate particle size ranges. These values are not generally accurate 
enough for predictive purposes, however, and should not be used to 
replace information collected on site. Existing information on regional 
soil types is available but suitable for initial planning purposes only. U.S. 
Department of Agriculture (USDA) county soil surveys may be obtained 
for most areas. 
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0 Unified Soil Classification Systems (USCS) (Lambe and Whitman, 1979)- A 

procedure for qualitative field classification of soils according to ASTM 
02487-69, this system should be used to identify materials in soil boring 
logs. The USCS is based on field determination of the percentages of 
gravel, sand and fines in the soil, and on the plasticity and compressibility 
of fine-grained soils. Figure 9-2 displays the decision matrix used in 
classifying soils by this system. 

The above classification systems are adequate for descriptive purposes and for 
qualitative estimates of the fluid transport properties of soil layers. Quantitative 
estimation of fluid transport properties of soil layers requires determination of the 

. particle size distribution for each soil layer, as described below. 

Particle size distribution--A measurement of particle size distribution should 
be made for each layer of soil potentially affected by the release. The 
recommended method for measurement of particle size distribution i s  a 
sievelhydrometer analysis according to ASTM 0422 (ASTM, 1984). * 

The particle size distribution hastwo major uses in a soils investigation: (1) 
estimation of the hydraulic conductivity of the soil by use of the Hazen (or similar) 
formula, and (2) assessment of soil sorptive capacity. 

1. The hydraulic conductivity(K) may be estimated from the particle size 
distribution using the Hazen formula: . 

K = A(d,JZ 

where d1o is equal to the effective grain size, which is that grain-size 
diameter a t  which 10 percent by weight of the particles are finer and 
90 percent are coarser (Freeze and Cherry, 1979). The coefficient A is  
equal to 1.0 when K is in units of cm/sec and d1o is in mm. Results should 
be verified with in-situ hydraulic conductivity techniques. 

2. Particle size can affect sorptive capacity and, therefore, the potential for 
retardation of contaminants in the soil. Sandy soils generally have a low 
sorptive capacity whereas clays generally have a high affinity for heavy 

. 
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. .  

metals and some organic contaminants. This is due in part to the fact 
that small clay particles have a larger surface area in relation to their 
volume than do larger sand particles. This larger surface area can result 
in stronger interactions with waste molecules. Clays may also bind 
contaminants due to the chemical structure of the clay matrix. 

Porosity--Soil porosity is the percentage of the total soil volume not occupied 
by solid particles (Le., the volume of the voids). In general, the greater the porosity, 
the more readily fluids may flow through the soil. An exception is clayey soils that 
tightly hold fluids by capillary forces. Porosity is usually measured by oven-drying an 
undisturbed sample and weighing it. It is then saturated with liquid and weighed 
again. Finally, the saturated sample is immersed in the same liquid, and the weight 
of the displaced liquid is measured. Porosity is the weight of liquid required to 
saturate the sample divided by the weight of liquid displaced, expressed as a 
decimal fraction. 

Hvd ra u I ic conduct ivity--An essen t ia I p h ysica I property a ff ecti ng contaminant 
mobility in soil is hydraulic conductivity. This property indicates the ease with which 
water a; the prevailing viscosity will flow through the soil and is dependent on the 

soil factors. 
porosity of the soil, grain size, degree of consolidation and cementation, and other . .  

e 
Measurement of hydraulic conductivity in soil within the saturated zone is 

fairly routine. Field and laboratory methods to determine saturated conductivity 
are discussed in the section on ground-water, investigations (Section 10). 
Measurement of unsaturated conductivity is usually more difficult because the 
value changes with changing soil moisture content. Therefore, conductivities for a 
range of moisture contents may need to be determined for each type of soil a t  the 
facility. 

Techniques for determining saturated hydraulic conductivity are provided in 
Method 9100 (Saturated Hydraulic Conductivity, Saturated Leachate Conductivity, 
and Intrinsic Permeability) from SW-846, Test Methods for Evaluatinq Solid Waste, 
EPA. 3rd edition, September, 1986. Method 9100 includes techniques for: 

0 Laboratory 
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constant head methods; and 
falling head methods. 

Field 

- sample cbllection; 
- well construction; 
- well development; 
- 
- 

single well tests (slug tests); and 
references for multiple well (pumping tests). 

A detailed discussion of field and laboratory methods for determining 
saturated and unsaturated hydraulic conductivity is also contained in Soil Properties 
Classification and Hvdraulic Conductivity Testinq (US. €PA, 1984). In general, field 
tests are recommended when the soil is heterogeneous, while laboratory tests may 
suffice for a soil without significant stratigraphic changes. Estimation of hydraulic 
conductivity from the particle size distribution may be used as a rough estimate for 
comparison purposes and if precise values are not needed. ' 

Relative permeability-The hydraulic conductivity of a soil is usually established 
using-water as the infiltrating liquid. However, a t  sites where there is the likelihood 
of a highly contaminated leachate or a separate liquid waste phase, the owner or 
operator should also consider determining conductivity with that liquid. The ratio 
of the permeability of a soil to a non-aqueoussolution and its permeability to water 
is known as relative permeability. 

The importance of determining this value is due to the potential effects of 
leachate on soil hydraulic properties. Changes in conductivity from infiltration of 
leachate may result from differences in the viscosity or surface tension of the waste, 
or the leachate may affect the soil structure so as to alter its permeability. For 
example, studies of waste migration through landfill liners made of clay have 
demonstrated that certain wastes may cause shrinking or expansion of the clay 
molecular structures, dissolve clays and organic matter, clog soil pores with fine 
particles, and cause other changes that affect permeability. 
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Soil sorptive capacitv and soil-water partition coefficient (Kd)--The mobility of 

contaminants in soil depends not only on properties related to the physical structure 
of the soil, but also on the extent to which the soil material will retain, or adsorb, 
the hazardous constituents. The extent to which a constituent is adsorbed depends 
on chemical properties of the constituent and of the soil. Therefore, the sorptive 
capacity must be determined with reference to particular constituent and soil pairs. 
The soil-water partition coefficient (Kd) is generally used to quantify soil sorption. 
Kd is the ratio of the adsorbed contaminant concentration to the dissolved 
concentration, a t  equilibrium. 

There are two basic approaches to determining Kd: (1)soil adsorption 
laboratory tests, and (2) prediction from soil and constituent properties. The Soil 
Adsorption Isotherm (AI) test is widely used to estimate the extent of adsorption of 
a chemical (i.e., constituent) in soil systems. Adsorption i s  measured by 
equilibrating aqueous solutions containing varying concentrations of the test 
chemical with a known quantity of uncontaminated soil. After equilibrium is 
reached, the distribution of the chemical between the soil and water (Kd) is  
measured by a suitable analytical method. 

The AI test has several desirable features. Adsorption results are highly 
reproducible. The test provides excellent quantitative data that are readily 
amenable to statistical analysis. In addition, it has relatively modest reagent, soils, 
laboratory space and equipment requirements. The ease of performing this test will 
depend on the physicakhemical properties of the contaminant and the availability 
of suitable analytical techniques to measure the chemical. 

The AI test can be used to determine the soil adsorption potential of slightly 
water soluble to infinitely water soluble chemicals. In general, a chemical having a 
water solubility of less than 0.5 mg/l is not tested with this method because these 
chemicals are relatively immobile in soil. The US. €PA Office of'pesticides and Toxic 
Substances (US. €PA 1982a, 1982b) has compiled information on the use of the AI 
test, including a detailed discussion of apparatus, procedures, sources of error, 
statistical requirements, calculation methods, and limitations of the test. 

. .  

A second approach for determining Kd is to estimate the value from soil and 
waste properties. Soil properties that should be considered when using this - - --__- 
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approach are particle size distribution, cation exchange capacity, and soil organic 
carbon content. T h e  waste properties that should be determined will vary 
depending on the type of wafte. Lyman et al. (1981) discuss several methods for 
estimating K,j from chemical properties of the constituent (e.g., Kow and water 
solubility) and the  soil organic content. Data collection needs for waste properties 
were discussed earlier in this section. - 

Cation exchancre capacity (CEC)--This parameter represents the extent to 
which the  clay and humic fractions of the soil will retain charged species such as 
metal ions. The CEC is an important factor in evaluating transport of lead, 
cadmium, and other toxic metals. Soils with a high CEC will retain correspondingly 
high levels of these inorganics. Although hazardous constituents may be 
immobilized by such soils in t he  short-term, such conditions do not rule out the  
possibility of future releases given certain conditions (e.g., action of additional 
releases of low pH). A method for the  determination of CEC is detailed in 5\1\1446, 
Method 9081 (US. EPA, 1986). 

Orcranic carbon content--The amount ofnatural organic material in a soil can 
have a strong effect on retention of organic pollutants. The greater the fraction by 
weight of organic carbon (FM), the greater the adsorption of organics. Soil Foc 
ranges from under 2 percent for many iubsurface soils to over 20 percent for a peat 
soil. An estimate of FOc should be made based on literature values for similar soils if 
site-specific information is not available. 

Soil PH--Soil pH affects the mobility of potentially ionized organic and 
inorganic chemicals in t h e  soil. Compounds in these groups include organic and 
inorganic acids and bases, and metals. 

Depth to around water --The thickness of the unsaturated zone may affect the 
attenuation capacity of the soil and the time taken for contaminants to migrate to 
ground water. If significant, seasonal fluctuations in ground-water elevations 
should be identified as well as elevation changes due to pumping or other factors 
(e.g., tidal influences). 

Pore-water velocity--Pore water velocity affects the time of travel of 
contaminants in unsaturated soil to ground water. For steady state flow and a u n i t  
LL-4- 
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hydraulic gradient (Le., moisture content does not change with depth), the pore- 
water velocity can be calculated by the following equation: 

v = qle 

where: V = pore water velocity, cm/day 
q = volumetric fluxhnit area, cm/day 
e = volumetric water content, dimensionless 

A simple approximation of volumetric flux (4) can be made by assuming that it 
is equal to percolation at the site. Percolation can be estimated by performing a 
water balance as described below. This approach for calculating pore-water 
velocity is limited by simplifying assumptions; however, the method may be used to 
develop an initial estimate for time of travel of contaminants. More detailed 
methods, which account for unsteady flow and differences in moisture content are 
described in the following reference: 

US. EPA., 1986. Criteria for ldentifyinq Areas of Vulnerable Hydroqeoloqv 
Under the Resource Conservation and Recovery Act. NTISPB86-224953. Office 
of Solid Waste. Washington, D.C. 20460. 

Percolation (volumetric flux per unit areal--Movement of contaminants from 
unsaturated soil to ground water occurs primarily via dissolution and transport with ' 

percolating soil water. It is important, therefore, to determine the volume of water 
passing thraugh the soil. The fiercolation rate, or volumetric flux, must be 
determined in order to calculate pore-water velocity through the unsaturated zone. 
The rate of percolation can be estimated from the water balance equation: 

. .  
PER = P - ET -DR 

where: PER = Percolation/recharge to ground water 
P = Precipitation and irrigation 
ET = Evapotranspiration 
DR = Direct surface runoff 
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Annual averages for P, ET and DR should be obtained from existing local sources. 
Sources of information to estimate PER include: 

0 State or Regional water agencies; 

. Federal water agencies (Geological Survey, Forest Service); and 

0 National Weather Service stations. 

It is recommended that site-specific ET and DR data be used if possible, because local 
conditions can vary significantly from regional estimates. More information on 
peicoiation and ground-water recharge can be found in standard ground-water 
texts, such as Freeze and Cherry, 1979. Information on evapotranspiration and 
direct surface runoff may be found in the following references: 

US. EPA. 1975. Use of the Water Balance Method for Predictins Leachate 
Generation from Solid Waste Disposal Sites. EPN5306W-168. Office of Solid 
Waste. Washington, D.C. 20460. 

U.S. Geological Survey. 1982. National Handbook of Recommended Methods 
for Water Data Acquisition. 

Volumetric water content--The volumetric water content is the percent of 
total soil volume that is filled with water. It is equal to the amount of water lost 
from the soil upon drying to constant weight a t  105"C, expressed as the volume of 
water/bulk volume of soil. This parameter affects the unsaturated hydraulic 
conductivity and is required for calculation of pore-water velocity. A t  saturation, 
the volumetric water content is equal to the porosity of the soil. 

Additional soilxonditions--Additional soil conditions that may require special 
consideration in investigating releases to soil are discussed below. 

In certain dense, cohesive soils, water may move primarily through 
narrow solution channels or fracture zones rather than by permeating 
the bulk of the soil. This condition can sometimes be recognized by dark- 
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colored deposits indicating the fractures or by the tendency of soil cores 
to break apart at  the discontinuity. 

Decomposed rock (e.g., transitional soils) may have a low primary 0 

0 

0 

0 

porosity but a high secondary porosity due to relict joints or fractures or 
solution channels. Therefore, most flow may occur through these cracks 
and channels rather than through the soil pores. As a result, the rate of 
fluid flow is likely to be high, and the low surface area within the joint or 
fracture system generally results in a low sorptive capacity. Because field 
conditions are highly variable, the characterization of soil structure 
should be sufficiently detailed to identify such joints or fractures that 
may provide contaminant pathways. 

- 

. 

Certain clay soils known as vertisols, or expandable clays, may fracture 
into large blocks when dry. These cracks can be a direct route for 
ground-water contamination. Soil surveys should be consulted to  
determine whether these soils are present a t  the site. They occur in, but 
are not limited to, eastern Mississippi and central and southern Texas. 
Other clay soils may also develop desiccation cracks to a lesseidegree. In 
these cases, it may be advisable to sample during both wet and dry 
seasons. 

Sampling saturated soils may be accomplished with the same drilling 
techniques used for unsaturated soil sampling. Particular care must be 
taken to prevent contamination between soil layers. Methods of 
telescoping smaller diameter casing downward through larger diameter, 
grouted casing are useful for minimizing cross-contamination between 
soil layers (See Section 9.6 for additional information on telescoping 
methods). 

Frequently, the choice of sampling technique is dictated by mechanical 
factors. Hard, rocky, or dense soils may prevent the use of manual tube 
samplers or augers. Powerdriven auger drill rigs equipped with split- 
spoon samplers can penetrate most soils. Power augers can penetrate 
most unconsolidated materials, but will not drill through rock, for which 
an air-driven rotary drill is the recommended method. Loose sandy soiis 
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will fail to be retained in a tube sampler; therefore a sampler equipped 
with a retaining device should be used in such cases. Core sampling 
should generally be carried out under the supervision of an experienced 
driller, in order to avoid poor results or damaged equipment. 

. 0 Where unfavorable soil conditions interfere with a proposed sampling 
location, the sampling point may have to be moved to a nearby location. 
In the event that such conditions are encountered, new locations should 
be chosen that are adequate to characterize the release. 

9.3.4 Sources of Existing Information 

Considerable information may already be available to assist in characterizing a 
release. Existing information should be reviewed to avoid duplication of previous 
efforts and to aid in scoping the RFI. Any existing information relating to releases 
from the unit and to hydrogeological, meteorological, and environmental factors 
that could influence the persistence, transport, or location of contaminants should 
be reviewed. This information may aid in: . 

* 

Delineating the boundaries of the sampling area; 

Choosing sampling and analytical techniques; and 

Identifying information needs for later phases of th.e investigation, if 0 

- -  necessary. 

Information may be obtained from readily available sources of geological and 
meteorological data, waste- characteristics, and facility operating records. (See also 
Sections 2,3 ,7  and Appendix A). 

9.3.4.1 Geological and Climatological Data 

The Federal government and most state governments compile geological data, 
soil surveys, land use records, and climatological information. These sources should 
be consulted for local geology, soil types, historical precipitation, ground-water 
elevatioi records, and other useful data. Sources which may be consulted for soils 
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data include the Soil Conservation Service (SCS), Agricultural Stabilization and 
Conservation Service (ASCS), the US. Geological Survey (USGS), state soils bureaus 
and agricultural extension services, university soil science departments, and private 
consultants. Additional sources of geologic information include geotechnical 
boring logs for foundation studies, well logs made during drilling of water supply 
wells, and previous hydtogeologic investigation monitoring wells. These logs 
should indicate the depth, thickness, and character of geologic materials, and the 
depth’to the water table. Climate and weather information can be obtained from: 

National Climatic Center 
Department of Commerce 
Federal Building 
Asheville,’North Carolina 28801 
Tel : (704) 258-2850 

9.3.4.2 Facility Records and Site Investigations 

The owner or operator should plan investigation activities by focusing on the 
conditions specified in the permit or enforcement order, Facility records, the 
facility’s RCRA permit application, and any previous site reports (e.g., the RFA 
report) should also be examined for any other information on unit characteristics, 
wastes produced at the facility, and other factors relevant to releases to soil. Facility 
operating records should have data on wastes treated, stored, or disposed of a t  the 
facility. Wastes regulated under RCRA are identified by a waste code that may also 
aid in identifying constituents of concern (see 40 CFR Part 261). Wastes originating 
within the facility may be identified through analysis of process control records. 
Unit releases (e:g., losses from leaking tanks) can sometimes be estimated from 
storage records. 

9.4 Design of a Monitoring Program to Characterize Releases 

9.4.1 Objectives of the Monitoring Program 

Monitoring procedures that specify locations, numbers, depths, and collection 
techniques for soil samples should be prepared by the owner or operator prior to 
each sampling effort. These procedures should provide the justification for the - 
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proposed samples, in terms of their expected contribution to the investigation. 
Examples of soil monitoring objectives include: 

Describing soil contamination in a drainage channel where a release is 
known to have occurred; 

0 Establishing a random or systematic grid sampling network to determine 
soil contamination concentrations in all zones of a large area affected by 
airborne deposition; and 

Filling in data gaps concerning the transport of waste constituents within 
a permeable soil layer.. 

In preparing soil monitoring procedures, the owner or operator should take 
into consideration those factors discussed in Sections 9.3.1 through 9.3.4 that apply 
to the facility. Also see Section 9.4.4.3 (Predicting Mobility of Hazardous 
Constituents in Soil). 

. As discussed previously, the release characterization may be conducted in 
phases. The objectives of the initial soil characterization are generally to verify 
suspected releases or to begin characterizing known releases. This characterization 
should use relevant soil physical and chemical measurements and other information 
as described earlier. In developing the approach, the owner or operator should 
determine the following: 

0 

0 

0 

0 

0 

0 - 
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Constituents and indicator parameters to be monitored; 

Role of field screening methods, if any; 

Sampling met hods; 

Approximate study and background areas; 

Sampling locations and approach (e.g., judgmental or systematic); and 

Number of samples to be collected. 
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The owner or operator may propose the use of field screening methods to aid 
in delineating the zone affected by a contaminant release to soil and/or ground 
water. Such methods may be applied just below the land surface or a t  greater 
depths, as within soil bore holes. An increasingly used method to detect organic 
vapors is generally known as a soil gas survey. Such a survey can yield qualitative 
and relative quantitative data on volatile constituents present in the soil gas, 
depending on the instrumentation used. For example, a total photoionization 
detector will provide an integrated value for the volatile organics present; whereas 
a portable gas chromatograph can identify and quantitate specific compounds 
present in the soil vapor. Field screening can also include chemical analyses of soil 
sa‘mples performed onsite in mobile laboratories. 

When conducting a soil gas survey, it should be realized that any measured soil 
vapor concentrations of specific compounds cannot be directly correlated with their 
actual concentrations in the soil zone of concern. The concentrations in soil vapor 
resulting from a soil with given volatile contaminant concentrations will vary, 
depending on several factors, including barometric pressure, relative humidity in 
the soil, weather conditions (e.g., precipitation events, soil inhomogeneities, and 
temperature). Therefore, the results of a soil gas survey can reveal the relative 
abundances of volatile compounds in the soil gas, but not their actual 
concentrations in the soil. 

a 
- 

The soil gas survey technique may also be applied when drilling boreholes to 
characterize site geology or when drilling to install ground-water monitoring’wells. 
Soil samples taken a t  various depths within the borehole can be placed in separate 
sample bottles with septums. 

A sample of the gas in the headspace can then be withdrawn with a syringe 
and injected into a portable gas chromatograph to identify the presence and 
relative abundances of specific volatile compounds in the soil gas. Analysis of drill 
cuttings in the open air is not as effective as the headspace technique in detecting 
volatile organic compounds; therefore, the headspace method is preferred. 

Additional information on soil gas monitoring may be obtained from the 
following reference : 

. 387 j 
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U.S. EPA. 1987. Soil Gas Monitorina Techniaues Videotape. National Audio 
Visual Center. Capital Heights, Maryland 20743. 

Screening methods may help to reduce the number of soil and/or ground- 
water samples needed to characterize a release by better delineating the area of 
concern in a relatively rapid manner. However, due to limitations (e.g., relatively 
high detection limits and inability to identify a l l  the potential hazardous 
constituents of concern), some screening methods may not be adequate to verify 
the absence of a release. For such ver 'ication, an appropriate number of soil 
samples would need to be analyzed in the laboratory. Additional information on 
field screening methods is presented later in this section and in the Compendium of . 
Field Operations Methods, (EPA, 1987). 

I 

Depending on the outcome of the initial characterization effort, the owner or 
operator may be required to obtain additional data to characterize the release. The 
findings of the initial phase will dictate the objectives of any later phases. -Such 
subsequent phases will generally involve the following: 

Expanding the number of sampling locations to a wider area and/or 
depth, or increasing sampling density where data are sparse; 

0 Institution of a refined grid sampling approach to further assess releases 
identified by judgmental sampling (see Section 3); 

Addition or deletion of specific monitoring constituents .or indicator 
parameters; and 

. .  

Sampling in areas of interest based on ,previous sampling or model 
predictions to confirm the suspected extent of the release. 

There is no specified or recommended number of phases to complete a soil 
investigation. The owner or operator should determine through consultation with 
the regulatory agency whether the collected data are sufficient to meet the 
objectives of the investigation. 
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9.4.2 Monitoring Constituents and Indicator Parameters 

The owner or operator should propose hazardous constituents for monitoring 
based on the composition of wastes known or suspected to be present or released 
to soils at  the site (see Sections 3 and 7 and Appendix B). Additional measurements 
may include nonhazardous chemicals that could serve as indicators of the presence 
of hazardous constituents or that could mobilize or otherwise affect the fate and 
transport of hazardous constituents. Chemical and physical properties of the soil 
that can be measured from soil samples should also be included in the l is t  of 
parameters (see Section 9.3.3.3). 

Justification of monitoring constituent selection may be provided through 
detailed facility records or waste analyses, as explained in Section 3. If such 
justification is inadequate, it may be necessary to perform a broader analytical 
program (See Section 3 and Appendix B). 

During or after the selection of monitoring constituents, the owner or 
operator should review guidance on compound-specific requirements for sampling 
and sample preservation. The laboratory should use EPA protocols and analytical 
procedures when available, and accepted QNQC practices. Guidance and specific 
references in these areas are provided in Sections 2,3,4,  and 7. 

9.4.3 Monitoring Schedule 
- 

Monitoring frequency and duration determinations should be based primarily 
on the type of release to the soil. A single episode or intermittent release, as with 
any release, would require monitoring until the nature and extent of contamination 
has been characterized. This may be accomplished with one or two sample sets in 
some cases. Longer-term releases will usually necessitate a greater duration of 
sampling. Soil-pore liquid may require more frequent monitoring than in soil solids 
because changes generally occur faster in these fluids. Frequency may also be 
adjusted, if appropriate, as sampling results become available. As with single 
episode releases, longer-term releases are monitored until the nature and extent of 
contamination has been adequately characterized. 

-- 
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9.4.4 Monitoring Locations 

9.4.4.1 Determine Study and Background Areas 

Determination of the area of interest will depend on the faci l i ty layout, 
topography, the distribution of surface soils, soil stratigraphy, and information on 
the nature and source of the release. The size and type of unit may affect the area 
under consideration. For example, a small land.fiI1 may only require monitoring of 
the surrounding soil whereas an inactive land treatment facil i ty may require 
sampling over the entire unit surface and beyond. 

High variability in the chemical composition of soils makes determination of 
background levels for the constituents of concern essential. This is particularly 
important for quantification of toxic metals, because such metals commonly occur 
naturally in soil. Background areas not affected by any facility release should be 
selected based on their similarity to the study area in terms of soil type, drainage, 
and other physical factors. Background soil samples should be taken from areas 
that are not near a suspected source.of contamination and from the same 
stratigraphic layer as the study area samples,'if possible. Selection and sampling of 
appropriate background areas may be important because verification of a release in 
a contaminated area may involve a comparison of study and background 
concentrations. 

- 

The owner or operator may increase efficiency in the initial characterization 
effort by using rapid, field-screening methods (e.g., soil gas surveys using HNu, OVA 
or portable gas chromatograph) or through indicator parameter measurements to 
establish the.extent of the study area. Subsurface soil contamination can sometimes 
be identified by geophysical techniques such as electromagnetic and resistivity 
techniques (See Section 10 and Appendix C). Indicator parameters can also be 
helpful in establishing the extent of the monitoring area. For example, Total 
Organic Halogen VOX) or Total Organic Carbon (TOC) analysis may be useful in 
detecting total chlorinated and nonchlorinated organic solvents. Such parameters 
may be used to characterize the nature and extent of a release but should always be 
verified by an adequate number of specific constituent analyses. 
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It is generally recommended that a sampling grid be developed for the site, 

even for judgmental’sampling. Gridding of the area to be sampled prior to the 
sampling effort will aid in determining appropriate sampling locations and in 
describing these locations. Refer to Section 3.6 for additional information on 
gridding of a study site. 

9.4.4.2 Determine Location and Number of Samples 

The owner or operator should propose monitoring locations and the number 
of samples to be collected and analyzed. Samples should be taken from the vicinity 
of all units identified in the conditions of the permit or order as suspected or known 
sources of soil contamination. The total number of samples necessary for the initial 
investigation will depend on the extent of prior information, the suspected extent 
and severity of the release, and the objectives of the characterization. However, the 
following general guidance should aid the owner or operator to sample efficiently. . 

. Sampling efficiency may be increased by use of a proportional sampling 
approach, which involves dividing the area of concern into zones, based 

. on proximity to the release source and/or other factors. The number of 
samples taken in each zone should be proportional to the area of a zone. 

Use of composite samples may be able t o  allow detection of  
contamination over an area of concern with a smaller number of 
analyses. Compositing involves pooling and homogenization of multiple 
soil samples. The composite is then analyzed tu give an average value fo i  
soil Contamination in that area. However, as discussed in Sections 3 and 
7, composites should have very limited application during the RFl and 
should always be accompanied by an appropriate number of individual 
grab samples. The following additional limitations on compositing 
should be observed: 

- Compositing is most useful when large numbers of soil samples can 
be easily collected (e.g., for surficial contamination). In order to 
obtain the maximum information from deep soil coring, individual 
grab samples are preferred over composites. 

391 
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c - * Cornpositing should not be used when analyzing soils for volatile 

organics because the constituents of interest may be lost during 
homogenization and sample handling. 

The owner or operator should employ appropriate procedures for the 
evaluation and reporting of monitoring data. These procedures can vary 
in a site-specific manner but should result in determinations of the 
nature, extent, and rate of migration of the release. Where the release is 
obvious and/or chemically simple, it may be possible to characterize it 
readily from a descriptive .presentation of concentrations found. 
However, where contamination is less obvious or the release is chemically 
complex, a statistical inference approach may be proposed. The owner 
or operator should plan initially to take a descriptive approach to data 
evaluation in order to broadly delineate the extent of contamination. 
Statistical comparisons of monitoring data among monitoring locations 
and over time may be appropriate if a descriptive approach.does not 
provide a clear characterization of the release. Further guidance on use 
of statistical methods in soil investigations is provided in the following 
documents:. 

Barth, 0.5. and B.J. Mason. 1984. Soil Samplinq Quality Assurance 
User's Guide. U.S. EPA 600/4-84-043. NTlS PB84-198621. 
Washington, D.C. 20460. 

Mason, B.J. 1983. Preparation- of a Soil Samplinq Protocol: 
Techniques and Strateqies. NTlS PB83-206979. US. EPA 600/4-83- 
020. Washington, D.C. 20460. 

0 Characterization of contaminant distribution with depth necessitates 
sampling of each distinct soil layer that might be affected by the release 
and from boundaries between soil layers. If the soil profile contains thick 
layers of homogeneous soil, samples should be taken a t  regular intervals 
(e.g., every 5 feet). In addition, samples should be taken where borings 
intersect fracture systems, at interfaces of zones of high and low 
permeability materials, or a t  other features that could affect 
contaminant transport. The owner or operator should consider 
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measurement of soil physical and hydraulic properties in each distinct soil 
layer. The objective of such measurements in the initial release 
characterization effort is to identify properties that vary with depth. This 
approach may indicate the use of stratified sampling in any future 
sampling phases. Determination of soil properties will also aid in 
refining conceptual models of contaminant transport and can be input 
for mathematical models of soil transport. 

. 

Modelinq-Prediction of contaminant fate and transport can range from a 
"conceptual" model of contaminant behavior in the soil to complex computer 
programs requiring extensive input of soil and water budget data. The primary uses 
of' predictive modeling in soil investigations are to locate appropriate sampling . 
locations using site-specific input data and to estimate the future rate, extent, and 
concentration of contaminant releases. 

Modeling of contaminant transport in the unsaturated zone is often difficult 
due to the generally high spatial variability in soil physical and hydraulic properties. 
Therefore, modeling should not be used to replace actual measured values (e.g., 
when establishing the limits of waste leaching or diffusion in soil). However, if used 
with caution, models can act as useful tools to guide sampling efforts by directing 
sampling toward; site areas identified as preferred soillwater flowpaths (e.g., a 
permeable soil layer). The owner or operator ,should discuss the use of specific 
models with the regulatory agency prior to use. 

* 
Numerous models, including computer models, have been developed to 

calculate water flow and Contaminant transport under saturated and unsaturated 
soil conditions. In using such models, site-specific data on soils and wastes should be 
used. Ground-water (saturated flow) models are discussed in Section 10. A US. 
Nuclear Regulatory Commission Report (Oster, 1982) may be reviewed for 
information on the applicability of 55 unsaturated flow and transport models. Use 
of the RlTZ Model (found in U.S. EPA. 1986. Permit Guidance Manual on Hazardous 
Waste Land Treatment Demonstration. NTlS PB86-229192) may be particularly 
appropriate in certain situations. The RlTZ model describes a soil column, 1 meter 
square, with a depth equal to the land treatment zone (usually 1.5 m). The soil 
column consists of a plow zone and lower treatment zone that are made up of four 
phases: soil grains, pore water, pore air, and pore oil. Mobilization of constituents - 

- 7 7 -  
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within the soil is accounted for by dispersion, advection, and migration between 
phases. The constituent may also be degraded by bicchemical processes 
represented in the model. Output from the model includes the concentration (C) of 
a constituent a t  the bottom of the treatment zone, and the time (T) required for a 
constituent to travel a distance equal to the treatment zone depth. Although the 
RllZ model was developed for evaluating the effectiveness of land treatment units, 
the model may be used for other applications, as appropriate (see above referenced 
d ocu men t) . 

EPA is in the process of developing a more sophisticated version of the RlTZ 
model, known as the RITZ-VIP model. The VIP version differs in that it is designed to 
provide information for multiple waste loadings in a land treatment situation. The 
initial version of the RlTZ model only applies where the waste or material in 
question is applied to the land once. The RITZ-VIP version is  currently in the 
reviewherification process. More information on this model may be obtained by 
writing to EPA a t  the following address: 

U.S., Environmental Protection Agency 
Robert 5. Kerr Environmental Research LaboratoqdORD 
P.O. Box 1198 
Ada, Oklahoma 74820 

Computer models if proposed for use in the RFI should (1) be well- 
documented; (2) have been peer reviewed; and (3) have undergone extensive field 
testing. As indicated previously, model documentation (e.g., model theory, . 

structure, use, and testing) should be provided to the regulatory agency for review 
prior to use. Access to the relevant data sets should also be available upon request. 
The regulatory agency may also recommend that a sensitivity analysis be performed 
and that the rkultsof the analysis be submitted with the model results. In selecting . 

a model, the owner or operator should consider i t s  applicability, limitations, data 
requirements, and resource requirements. 

9.4.4.3 Predicting Mobility of Hazardous Constituents in Soil 

Predicting the mobility of hazardous constituents in soil may be necessary in 
an RFI. The prediction may then be used to estimate the probable vertical or lateral 
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extent of contamination, which can be used to identify potential sampling 
locations. Mobility predictions may also be used in determining potential inter- 
media transfers from the soil to ground or surface water. Finally, mobility 
predictions may provide information that can be used during. the Corrective 
Measures Study to differentiate between contaminated soil that should be removed 
from the site and that which may remain a t  the site without adversely affecting 
human health or the environment. Predicting mobility of soil constituents may be 
particularly relevant, as indicated in Section 8, for determining whether deep-soil 
contamination, or in some cases surficial-soil contamination, can lead to ground- 
water contamination a t  a level above health and environmental criteria (if such an 
impact has not already occurred). 

* 

There is no universally accepted, straightfoward method for predicting the 
mobility of a l l  hazardous constituents within soils under al l  possible sets of 
environmental conditions. Nor is there a fully tested method of estimating the 
impact of constituents originating in the unsaturated zone on ground-water 
quality. Therefore, to avoid unneeded efforts, the first question the owner or 
operator should address is whether this task is necessary. For example, the 
Characterization of ground-water quality (conducted following the guidance in 
Section 10) may provide information sufficient to describe the extent of the release 
in soils as well, and to determine that a Corrective Measures Study is necessary. This 
may be the case in situations where contaminated soils are located solely within the 
ground water and when the contaminants are relatively mobile. The most recent 
ground-water impact characterization data may not, however, provide information 
on the future impact of contaminated soils on ground water (e.g., due to different 
leaching rates for different contaminants). 

This section presents various approaches for predicting constituent mobility in 
both saturated and unsaturated soils; it also discusses how to estimate the impact 
on ground-water quality of the constituents leached from unsaturated soils. The 
limitations of these methods are also reviewed. 

9.4.4.3.1 Constituent Mobility 

There are 
approach (i.e., 

several means of investigating mobility, including a descriptive 
consideration of constituent and soil properties), the useEfQx, 

395 I 
9-49 



mathematical models, and the use of laboratory models or leaching tests. Leaching 
tests have the advantage of being the only approach that integrates soil and 
constituent properties in a single evaluation. They may, in certain cases, provide a 
conservative (reasonable worst case) estimate of the concentration within leachate 
of waste constituents that may eventually impact ground water. Leaching test 
results must be coupled with site-specific factors, (e.g., soil cation exchange 
capacity, ground-water pH, and depth to ground water) when used to design 
monitoring programs, determine potential for inter-media impacts, and evaluate 
options for contaminated-soil corrective measures. When assessing leach test 
results, specific hazardous constituent concentrations in the leachate will be 
compared with the health and environmental criteria concentrations for water 
dectibed in Section 8. 

The descriptive approach and the use of mathematical models (such as the 
RlTZ Model, discussed previously) may be appropriate in those cases where 
assumptions implicit in the use of leaching tests may not be applicable. For 
example, leaching tests may be overpredictive of leachate concentrations where 
extensive channeling (e.g., because of root zone ‘or joints) through the 
contaminated zone is present; in this case,s the contact time between the leaching 
fluid (e.g., infiltrating precipitation) and the soil, as well as the surface area of the 
soil exposed to the fluid, would be less than that simulated by the leaching test. 
Leaching tests may also not be applicable where low redox (reduction/oxidation) 
conditions are identified. Consideration of redox conditions is particularly relevant 
for inorganics. 

The Agency has devised a soils/waste mixture leaching procedure, known as 
the Synthetic Precipitation Leach Test (Method 1312) that it generally believes may 
be appropriate for evaluating the potential impact of contaminated soils on 
ground-water quality. (See Appendix F for a description of this procedure). 
Although neither Method 1312 nor any other leaching test (such as the Toxicity 
Characteristic Leaching Procedure (Method 131 1) have been validated for use on a 
wide range of contaminated-soil types, the Agency believes that Method 131 2 may 
have the broadest applicability. Method 1312 may be particularly appropriate 
when no future waste management or other industrial activities likely to produce 
an acidic leaching medium are likely to be conducted a t  the site of the release. 
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However, other leaching tests may be appropriate under certain case-specific 

circumstances. For example, a test such as Method 131 1 may be appropriate a t  a 
release site that will be used for management of municipal refuse or a similar waste 
in the future, because the refuse could produce an acidic leaching medium, which 
Method 1311 has been designed to simulate. The evaluation of leaching from 
cyanide-containing soils should be performed with neutral water, rather than an 
acidic leaching medium, because leaching of cyanide-containing waste under acidic 
conditions may result in the formation of toxic hydrogen cyanide gas. Other 
leaching test variations may be necessary if interactive effects on mobility are 
caused by non-aqueous solvents, for example, or if an aqueous phase leaching 
medium may underpredict potential mobility due to site and waste constituent 
characteristics. 

9.4.4.3.2 Estimating Impact on Ground-Water Quality 

. 
In evaluating results obtained using the leach test for the evaluation of 

contaminants of concern a t  a specific release site, the Agency will consider relevant 
hazardous constituent properties; the physical and chemical characteristics of the 
soilhaste. matrix at  the site, and local climatological factors. Factors that will be 
considered include the'following : 

Chemical structure, classification, and bonding (organic vs. inorganic, 
ionic vs. covalent, etc); 

Solubility of the constituents; 

Octanolhater or other partitioning coefficients; 

Densip; 

Organic carbon adsorption coefficient; 

Volatility (e.g., Henry's Law constant); 

Dissociation constants (Pk); 
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0 Degradation potential (hydrolysis, biodegradation); 

0 Soilhaste matrix characteristics; 

0 Cation exchange capacity; 

0 Soil pH and Eh; 

Particle-size distribution; 

0 Porosity; 

0 Unsaturated hydraulic conductivity; 

0 'Climatological characteristics; 

Soil classification (e.g., clay, silt, and sand content); 

0 Precipitation patterns (volume, frequency, etc.); and . 
0 pH of local or regional precipitation. 

The results obtained from a specific leach test must be supported by an 
analysis of the relevant factors, such as those listed above, and considering the likely 
future use of the site (industrial, waste management, residential, etc.). 

As an alternative approach to the use of a leach test  for evaluating 
contaminated roil, the owner or operator may propose to perform an analysis of the 
waste, soil, and climatological conditions, considering such factors as are listed 
above, to demonstratesthat the expected concentrations of any constituents that 
could leach from any contaminated section of the subsurface soils would not exceed 
the action levels for ground-water. This analysis, which would require appropriate 
technical justification and should rely as much as possible on data (such as the 
results of published field studies conducted under environmental conditions similar 
to those a t  the release site), must be based on conservative assumptions related to 

- -- 
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future changes in environmental conditions and land use (e.g., the use of the site 
for future non-hazardous waste management). a 

At  the present time, studies are being designed to more fully examine various 
methods for evaluating leaching of hazardous constituents from contaminated 
soils. Further guidance will be provided by the Agency upon completion of these 
studies. It is recommended that the owner or operator review the procedures and 
methods described in Sections 8 and 9 and Appendix 1 of Petitions to Delist 
Hazardous waste, EPN530-SW-85-003, as well as SW-846, to assist in determining 
the appropriateness of any particular leaching procedures for evaluating 
contaminated soils. Until more definitive guidance is available, the owner or 
operator may propose what he believes to be the most appropriate leaching 
procedure, and provide technical justification to support the proposed procedure 
based on site and waste conditions a t  the time of the investigation. For additional 
assistance on selection of a leaching procedure, the owner or operator may contact 
the Technical Assessment Branch of the Office of Solid Waste in Washington, D.C. 
(2021382-4764). 

As indicated above, waste and site-specific factors should be evaluated, 
together with leaching test concentrations, to arrive a t  predictions of the potential 
impacts to ground water. For example, if the depth to ground water is  great 
enough, and the soil cation exchange capacity is high, the owner or operator may 
be able to predict that metal species would be adsorbed by the soil before the so11 
leachate reaches the ground water. Particular attention, in this example, would be 
needed to ensure that the cation exchange capacity of the soil could not be 
exceeded. The characteristics of the metal ions that are displaced from the 
exchange sites should also be considered. 

0 

As another example, the soil-water partition coefficient (Kd) is useful for - 
describing'chemical mobility in the subsurface environment, and is widely used in - 
studies of ground-water contamination. For primarily aqueous solutions, the 
partitioning between the aqueous solution and the solid medium can be derived 
from thermodynamic principles (Freeze and Cherry, 1979). 

More commonly, Kd is determined from batch experiments in which the 
contaminated solution and geologic material of interest are brought into contact., 
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After a period of time has elapsed (e.g., 24-hours), the degree of partitioning of the 
contaminant between the solution and the geologic material is determined. The 
partition coefficient is then calculatedusing the following equation: 

mass of sorbed chemical/gram of solid 

mass of chemical/ml of solution 
K d "  

The relative mobility of attenuated constituents in ground water can then be 
estimated as follows (after Mills, e t  ai., 1985): 

where 

V = average linear velocity of attenuated constituent along centerline 

V, = ground-water velocity, distance/time; 
b = soil bulk density, masslvolume; 
ne = effective porosity, dimensionless; and 
Kd = -soil-water partition coefficient, volume/mass. 

of plume, distancehime; 

The relative mobility of selected constituents, based on typical partition 
coefficients, is shown in Table 9-6. It is impoitant to note that Kd is a simplified 
measure of the relative affinity of a chemical for the solution and the soil. Kd is 
highly site-specific, varying as a function of pH, redox conditions, soil characteristics, 
and the availability of alternate solution phases (organic and inorganic liquids, or 
.colloidal solids). The general effect of pH and organic matter content on partition 
coefficients for metals is shown in Figure 9-3. 

The Kd value selected for use in estimating chemical mobility should reflect the 
predominant chemical species in solution. One approach to estimating solution 
composition is to use thermodynamic stability diagrams, commonly illustrated as 
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Moderately Attenuated 

TABLE 9-6 RELATIVE MOBILITY OF SOLUTES1 

Selenium 
Arsenic 
Benzene 

~~ ~~ 

Group I Examples 

Conservative Total Dissolved I Solids . 

I Chloride 

I Bromide 

I Nitrate 

I Sulfate 

Slightly Attenuated Boron 

Trichloro- 
ethylene 

More Strongly 
Attenuated 

Lead 
Mercury 
Penta- 
chlorophenol 

~~ 

Master Variables2 

V 

V 

V 

V, Redox Conditions 

V, Redox Conditions 

V pH, organic matter 

V , organic matter 

V, pH, Iron hydroxides, 
V', pH, Iron hydroxides, 
V', organic matter 

V, pH, Sulfate 
V', pH, Chloride 
V', organic matter 

Under typical ground-water conditions (i.e., neutral pH and 
oxidizing conditions). Under other conditions mobility may differ 
substantially. For example, acidic conditions can enhance the 
mobility of metals by several-orders of magnitude. 

Variables which strongly influence the fate of the indicated solute 
groups. Based on data from Mills st., 1985 and Rai and Zachara, 
1984. (V =Average Linear Velocity) 
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Eh-pH diagrams. These diagrams represent solution composition for specified 
chemicals as a function of redox potential (Eh) and of pH under equilibrium 
conditions. 

Many metals of interest in ground-water contamination problems are 
influenced by redox conditions that result from changes in the oxidation state of 
the metal or from nonmetallic elements with which the metal can form complexes. 
Carrels and Christ (1965) present a comprehensive treatment of the subject and 
provide numerous Eh-pH diagrams that can be used for analysis of geological 
systems. 

. For any particular point in an Eh-pH diagram, a chemical reaction can be 
written that describes the equilibrium between the solid and dissolved phases of a 
particular constituent. The following equation represents the general form of the 
equilibrium reaction: 

where: 

aA + b6 = CC + dD 

a, b, c, d = number of moles of constituent 
A and B = reactants 
C and 0 = products 

A t  equilibrium, the solubility constant (K) expresses the relation between the 
reactants and the products following the law of mass action: 

[CIC [Did 

[Ala [Bib 
K =  

The brackets signify an effective concentration, or activity, that is reported as 
molality (moles per liter). Solubility constants for many reactions in water are 
reported by Stumm and Morgan (1981). Alternatively, solubility constants can be 
calculated from thermodynamic data (Gibbs free energy) for products and 
reactants. Freeze and Cherry (1979) describe the use of thermodynamic data to 
calculate solubility constants for several constituents common in ground water. 
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An example illustrating the use of Eh-pH diagrams and the influence of redox 
conditions on solution composition is shown for mercury (Hg) in Figure 9-4. The 
stability diagram shown in Figure 9-4 is constructed for mercury-contaminated 
water that contains chloride (CI) and dissolved sulfur species. The solid lines in the 

Fur pH values of less than about 7 and Eh values greater than 0.5 volts (strong 
oxidizing conditions), HgC12 is the dominant dissolved species. For pH values 
greater than 7, and at a high redox potential, Hg(OH)2 is the dominant dissolved 
species. The main equilibrium reaction in-this Eh-pH environment is: 

diagram represent the Eh-pH values a t  which the various phases are in equilibrium. _- 

HgO + H2O = Hg(OH12 

From the law of mass action, the solubility relationship for this reaction is 
written as follows: 

(Hg(W21 
[HgOl w 2 0 1  

K =  

A t  tSoC, the solubility constant (log K) for this reaction is -3.7 (Freeze and 
Cherry, 1979). The activity coefficients for a solid (HgO) and H20 are assumed to be 
one; therefore, the concentration of Hg(OH)2 in solution is calculated as follows: 

[Hg(OH)2] = K = 10-3-7 = 1.995 x 10-4 moledl = 47 mg/l (mol. wgt. = 235 g/mole) 

The Eh-pH diagram can be used to estimate the concentration of mercury in 
solution a t  any particular point in the diagram if the solubility constant for the 
appropriate equilibrium reaction is known. For lower redox conditions (pH = 6.0, 
Eh = O.O), the concentration of mercury in solution would be approximately 0.025 
mg/l (Callahan et al., 1979). 

Several limitations are associated with the use of Eh-pH diagrams to predict 
dissolved chemical species, including the accuracy of thermodynamic data, the 
assumption of equilibrium conditions, and of other chemical processes such as 
adsorption that can maintain concentrations below those that would exist as a 
result of only solubility constraints. However, the Eh-pH diagrams serve to illustrate 
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Figure 9-4. Fields of Stability for Aqueous Mercury a t  25oC 
and Atmospheric Pressure (Callahan et al., 1979) 
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that solution composition depends on redox potential and that chemical mobility 
within a ground-water system may vary from one zone to another. 

9.5 Data Presentation 

. The owner or operator will be required to report on the progress of the RFI a t  
appropriate intervals during the investigation. The data should be reported in a 
clear and concise manner, with interpretations supported by the data., The 
following data presentation methods are suggested for soil investigations. Further 
information is provided in Section 5. 

9.5.1 Waste and Unit Characterization 

Waste and unit characteristics may be presented as: 

Tables of waste constituents and concentrations; 

Tables of relevant physical and chemical properties of waste and 
constituents; 

0 Narrative description of unit operations; and 

Surface map and plan drawings of the facility and waste unit(s). 0 

9.5.2 , Environmental Setting Characterization 

Environmental Characteristics may be presented as: 

0 A map and narrative description of soil classifications; 

0 Soil boring logs; 

0 Measurements of soil physical or hydrologic characteristics; and 

Onsite survey results (e.g., OVA, portable gas chromatograph, 
geophysical techniques). 

r ____c 
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Soil and site map(s]--ln addition to the required RCRA permit site topographic 
map, the owner or operator should prepare a map(s) displaying the location of 
surface soil types (described according to the appropriate classification system), 
paved areas, areas of artificially compacted soil, fill or other disturbed soil, and 
other features that could affect contaminant distribution. Specific guidance on the 
use of maps and other techniques such as aerial photographs and geophysical 
surveys is provided in Appendices A and C. 

-The owner or operator should develop maps of unconsolidated geologic 
materials a t  the site. These maps should identify the thicknesses, depths, and 
textures of soils, and the presence of saturated regions and other hydrogeological 
features. Subsurface soils should be identified according to accepted methods for 
description of soils (See Section 9.3.3.3). Figure 9-5 displays a typical soil boring log. 

. 

Graphical methods commonly used to display soil boring data are cross- 
sections, fence diagrams, and isopach maps. Cross-sections are typically derived 
from borings taken along a straight line through the site. Plotting the stratigraphy 
of surficial deposits against horizontal, distance between sampling’ points gives a 
vertical profile or transect. Fence diagrams can depict the same type of information 
between points that are not in a straight line. An isopach map resembles a 
topographic map, however, the isopleth lines on an isopach map represent units of 
thickness of a particular soil layer rather than elevations. For example, a map of clay 
isopachs may be used t o  show the thickness in feet of a low permeability layer 
below a waste lagoon. Generally, to verify lateral continuity, more than one 
transect through a site will be necessary. When it is important to indicate the areal 
extent of a layer (e.g., where a clay lens is suspected to cause lateral transport in the 
unsaturated zone) both vertical and horizontal presentations may be necessary. 
Graphical methods are discussed in detail in Section 5 (Data Management and 
Presentation). 

9.5.3 Characterization of the Release 

Graphical displays of contaminant distributions in soil may include: 
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Figure 9-5. Example of a completed boring log 
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0 Areahite maps with concentrations indicated by numerical values, 
symbols, or isoconcentration lines; 

0 Three-dimensional isopleth plots of concentrations (including stack 
maps), such as are produced by computer graphics; and 

Vertical concentration contours (isopl'e.ths) plotted along a transect or 
fence diagram. 

All graphical displays should be accompanied by data tables showing 
concentrations for each sampling location. 

9.6 Field Methods 
I 

/ 

Both soil and soil-pore water sampling may be utilized in the investigation. 
Chemical analysis of soil core samples may be used to characterize constituents of 
concern that are adsorbed to the solid matrix. Lysimeters can be installed in 
.boreholes created during core sampling to identify mobile constituents that may 
migrate to ground water. In addition, field screening methods may be used to help 
determine the presence and extent of releases. 

Appropriate sample collection and preservation techniques should be 
specified. When a soil sample is removed from its-surroundings, chemical and 
physical changes can begin immediately. These changes include moisture loss, 
oxidation, gas exchange, loss of volatile components, increased or decreased 
biological activity, and potential contamination of the sample. Therefore, 
appropriate measures must be taken to store and preserve samples to minimize 
their degradation. Sampling techniques should not adversely affect analytical 
procedures and hence results. For example, use of fluids other than water during 
drilling can introduce organic or inorganic contaminants that may make 
quantification of the contaminants of concern impossible. The practice of coating 
metal parts of drilling equipment with oils or greases to prevent rust will have a 
similar effect. 

* Volatile compounds can sometimes be detected near the soil surface using 
rapid,fi-eld screening methods (e.g., portable photoionization detector such as HNu 
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or Photovac or an organic vapor analyzer (OVA)). Organic vapors cap also be 
detected and measured in shallow boreholes or in ground-water monitoring wells. 
Vapor sampling is especially useful for initial characterization because it is a rapid, 
semi-quantitative technique. Benefits of field screening methods include: 

. The investigator can, in certain cases, quickly determine whether a 
sample is contaminated, thus, aiding in the identification of areas of 
concern ; 

Samples that may undergo chemical changes with storage can be 
evaluated immediately; and 

These techniques can be used to investigate releases to several media 
simultaneously (e.g., subsurface gas, ground water and soil). 

However, there are limitations in using field screening methods, including: 
t 

0 They cannot always account for all constituents that may be present in 
the release; 

They may not be able to quantify concentrations of specific constituents 
of concern; and 

, 

. .  

0 Constituents may be present at  levels below detection ca.pability. 

Field-screening methods are described in the Compendium of Field Operations 
Methods (EPA, 1987). 

Soil sampling methods will commonly vary with the depth of interest. For 
purposes of the RFi, these methods are described as "surficial" or "subsurface". 
Surficial sampling in the upper 20 cm of soil can usually be accomplished with simple 
tools, including shovels, spatulas, soil punches, and ring samplers. Contaminants 
that have moved further downward in the soil profile often require tools such as 
tube samplers and augers. Manually operated tools are commonly useful to about 1 

to 2 meters in depth, depending on the soil type. Below this depth, hydraulically or 
mechanically driven equipment is generally needed (See Everett e t  at, 1984 for- 
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additional information on soil sampling techniques, as well as Sections 3 and 
this Guidance for discussions of additional sampling methods and references). 

7 of 

Methods to sample soil-pore water or other fluids are presented in Section 
9.6.3. 

9.6.1 Surficial Sampling Techniques 

Surficial soils may also contain various materials, including rocks, vegetation, 
and man-made items. The owner or operator should propose how these materials 
will be treated (i.e., whether they will be discarded or analyzed separately). Care 
should he taken in choosing sampling equipment that will not adversely affect the 
analytical objectives (e.g., painted or chromehickel plated equipment may 
adversely affect metals analyses). Some commonly used surficial soil sampling 
techniques are discussed below. 

9.6.1.1 Soil Punch 
t 

A soil punch is a thin-walled steel tube that is commonly IS to 20 cm long and 
1.3 cm to 5.1 cm in diameter. The tube is driven into the groundewith a wooden 
mallet and twisted to free the sample. The punch is pulled out and the soil pushed 
or shaken from the tube. This technique is rapid but is generally not useful in rocky 
areas or in loose, granular soils that will not remain in the punch. Soil punching is 
not useful for soil structure descriptions because the method causes compaction 
that destroys natural fractures. 

9.6.1.2 Ring Samplers 

A ring sampler_consists of a 15 to 30 cm diameter steel ring that is driven into 
the ground. The soil is subsequently removed for analysis. This technique is useful 
when results are to be expressed on a unit area basis, because’the soil ring contains 
a known area of soil. Ring samplers will generally not be useful in loose, sandy soils 
or stiff clays. 
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9.6.1.3 Shovels, Spatulas, and Scoops 355 

Collection of grabsamples by shovel, spatula, or scoop is not recommended if 
sample area or volume determinations are required (the two previous methods are 
more accurate). The reproducibility of sample size is limited and subject to sample 
bias. The principal advantages of grab sampling are the efficiency of collection and 
the fact that samples may indicate the range of contaminant concentrations a t  the 
site. 

9.6.1.4 Soil Probes (tu be samplers) 

Manual soil probes are designed to obtain samples from the upper two meters 
of the soil profile. The soil probe is commonly a stainless-steel or brass tube that is 
sharpened and beveled on one end and fitted with a T-handle. Soil probes are 
common agricultural tools and can be obtained in several diameters. The probe is 
pushed into the soil in 20 to 30 cm increments. A t  the desired depth, the tube is 
pulled out and the soil sample extruded. The sample may be considered 
"disturbed" or "undisturbed" depending on whether it can be removed intact. The 
samples, however, are ienerally considered to be disturbed for the purposes of 
engineering or physical measurements. Loose soils will be difficult to sample with 
this tool, and the borehole will iend to collapse when the tube is withdrawn to 
obtain samples. 

9.6.1.5 Hand Augers . 

Augers have a spiral cutting blade that transports soil cuttings upwards. Hand- 
operated augers are generally used to a depth of approximately 6 feet. Single flight 
augers are pulled from the ground periodically and soil samples are taken from the 
threads of the auger. Continuous flight augers transport the loosened soil to the 
top of the borehole, where it can be collected. Augers provide highly disturbed 
samples. Limited information can be obtained on soil structure, bulk density, or 
permeability. Cross-contamination between soil layers i s  likely and depth 
information on various soil layers is not reliable. Therefore, reliance on augering as 
a sole sampling technique is not recommended. Augering may be used, however, in 
conjunction with tube sampling that obtains undisturbed samples. 
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9.6.2 Deep Sampling Methods 

The subject of deep drilling is discussed more extensively in the section on 
ground-water sampling (see Section lo), because deep cores will generally be taken 
in conjunction with drilling for monitoring well emplacement. There are some 
techniques that are of particular importance to soil sampling and, therefore, a brief 
discussion is included here. Procedures for sampling with split-spoon and thin-wall 
tube corers and other equipment are presented in Section 7. 

9.6.2.1 Hollow-Stem Augers 

Hollow-stem augers have a continuous flight-cutting blade around a hollow 
metal cylinder. A stem with a plug is ordinarily kept inside the auger barrel to 
prevent soil from entering. When core samples are desired, the stem is withdrawn 
and a tube sampler may be inserted to the bottom of the borehole. This drilling 
method may be used for continuous soil sampling. An additional advantage oft 
hollow-stem augers is that they do not require drilling fluids. 

. _  . 
9.6.2.2 Solid-Stem Augers 

Solid-stem augers, as the name implies, are augers that do not have an inner 
barrel. As with the manual variety, single-flight augers must be withdrawn each 
time a sample is desired, or samples may be taken from the cuttings brought to the 
surface by augers of the continuous flight type. Augers may be used in conjunction 
with tube samplers by withdrawing the auger and obtaining a sample from the 
bottom of the borehole. This sampling approach is only useful with soils that do not 
cave in or crumble after drilling. 

9.6.2.3 Core Samplers 

. 

.Soil coring devices that may be used with hydraulically or mechanically- driven 
drilling rigs include thin-walled Shelby tubes and split-spoon samplers. These are 
two of the most common samplers and are discussed below. 
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9.6.2.3.1 Thin-Walled Tube Samplers 35s 

The Shelby tube is a metal cylinder with the end sharpened and beveled for 
cutting into the soil. Common sizes used for field investigations are 1 to 3 inches in 
diameter. The tube is pushed down into the soil with a smooth even motion by 
applying downward pressure from a drilling rig or other apparatus. Thin-walled 
tubes produce high quality undisturbed cores that can be used for engineering and 
hydraulics testing but are useful only in cohesive soils as loose soils may fall out of 
the tube during removal. The soil must be extruded from the tube in a laboratory or 
in a field extruding unit because core removal is generally difficult. For rapid 
characterization of the soil stratigraphy in the field, split-spoon samplers are 
recommended. 

9.6.2.3.2 Split-Spoon Samplers 

A split-spoon consists of a hollow steel cylinder split in half and screwed into 
an "unsplit" outer tube and tip. This assembly can be connected to drill rods. The - 
tube is commonly forced into the soil by applying a 140 pound sliding hammer, 
dropping 30 inches along the drill rod (ASTM, 1986). The number of hammer blows 
required to advance the sampler in six inch increments is recorded. The total blow 
count number for the second and third increments is related t o  a standard 
engineering parameter indicating soil density. After the tube is pulled from the 
soil, the cylinder is removed from the drill rod and opened, exposing the soil core. 
Core samples may be used to determine stratigraphy, for chemical and grain-size 
analysis, or for pore water extraction. Split-spoons are the preferred method for 
obtaining unconsolidated soil samples and may also be used to penetrate some 
types of rock. 

t 

9.6.2.4 Trenching. 

Trenches and test pits are useful where detailed examination of soil 
stratigraphy and geology is required. Trenching is generally limited for practicality 
to the top eight feet of soil. Shallow trenches may be dug manually, but in most 
instances, a backhoe will be faster and easier. Bulk soil samples may be obtained 
with this method. 

I 415 
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9.6.3 (Ti bPJore Water Sampling 

When contaminants are suspected of migrating readily through the soil with 
infiltrating water, monitoring of water or other fluids in the unsaturated zone may 
be appropriate. Sampling soil pore water before it reaches the water table can 
provide an early warning of threats to ground water. 

Compounds for which pore water sampling may be useful are those that are 
moderately to highly water soluble and thus are not appreciably retained on soil 
particles. Examples include poorly adsorbed inorganics such as cyanide or sulfate, 
halogenated solvents such as TCE, and organic acids. Due to the mobility of these 
,compounds, pore water sampling will be most useful for current releases. 

. .  

A common pore water collection technique uses a suction device called a 
pressure vacuum lysimeter, which consists of a porous ceramic cup connected by 
tubing to a collection flask and vacuum pump (Figure 9-6). The lysimeter cup may 
be permanently installed in a borehole of the appropriate depth, and if the hole is 
properly backfilled. Suction from the pump works against soil suction to pull water 
out of the silica flour surrounding the cup. This method will not work well in 
relatively dry soils. 

t 

An advantage of this method is that the installation is " permanent," allowing 
multiple samples from one spot to measure changes in pore water quality with 
time. Limitations include: 

. 0 Measurements cannot be correlated accurately with soil concentrations 
because the sample is obtained from an unknown volume of soil; 

0 Lysimeters are subject to plugging and are difficult to install in fractured 
or rocky soils; 

0 Some organic and inorganic constituents may be adsorbed by the 
ceramic cup (Teflon porous suction lysimeters may overcome this 
problem); and 
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0 , 1 .Volatile organics will be lost unless a special organics trap is installed in 

the system. 

9.7 Site Remediation 

. Although the RFI Guidance is not intended to provide detailed guidance on 
site remediation, it should be recognized that certain data collection activities that 
may be necessary for a Corrective Measures Study may be collected during the RFI. 
EPA has developed a practical guide for assessing and remediating contaminated 
sites that directs users toward technical support, potential data requirements and 
technologies that may be applicable, to €PA programs such as RCRA and CERCLA. 
The reference for this guide is provided below. 

US. €PA. 1988. Practical Guide for Assessina and Remediatina Contaminated 
- Sites. Office of Solid Waste and Emergency Response. Washington, D.C. 

20460. t 

The guide is designed to address releases to ground water as well as soil, 
surface water and air. A short description of the guide is provided in Section 1.2 
(Overall RCRA Corrective Action Process), under the discussion of Corrective 
Measures Study. 

1 4 1 8 , .  
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9.8 Checklist . 

RFI CHECKLIST - SOILS 

Site Name/Location 

Type of unit 

1. Does waste characterization include the following information? ( Y N  

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Identity and composition of contaminants 
Physical state of contaminants 
Viscosity 
PH 
PKa 
Density 
Water Soh bility 
Henry's Law Constant 
KO- 
Biodegradability 
Rates of hydrolysis, photolysis and oxidation 

2. Does unit characterization include the following 
information? 

0 
0 
0 
0 

Age of unit 
Construction integrity 
Presence of liner (natural or synthetic) 
Location relative to ground-water table 
or bedrock or other confining barriers 
Unit operation data 
Presence of cover. 
Presence of on/offsite buildings 
Depth and dimensions of unit 
Inspection records 
Operation logs 
Presence of natural or engineered barriers 
near unit 

3. Does environmental setting information include the following 
information? - V/N) 

- . Site soil characteristics 
Surface soil distribution map 

0 Soil moisture content 
0 
0 Soil classification 

Particle size distribution 

- - - Predominant soil phase to sample (solid, liquid, gaseous) - - 
419 
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RFI CHECKLIST - SOILS 
(Continued) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Porosity 
Hydra u I ic conductivity (satu rated and unsaturated) 
Relative permeability 
Soil sorptive capacity 
Cation exchange capacity 
Or anic carbon content 

Depth to water table 
Pore water velocity 
Percolation 
Volumetric water content 

Soi 3 pH 

4. Have the following data on the initial phase of the release 
characterization been collected? 

0 
0 
0 
4 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

Geological and climatological data 
Facility records and site-specific investigations 
Area of contamination 
Distribution of contaminants within study area 
Depth of contamination, 
Chemistry of contaminants 
Vertical rate of transport 
Lateral rate of transport in each stratum 
Persistence of contaminants in soil 
Potential for release from surface soils to air 
Potential for release from surface soils to 
surface water 
Existing soil/ground-water monitoring data 
Evidence of vegetative stress 
Potential for release to ground water 
Potential receptors 

5. Have the following data on the subsequent phase(s) of the 
release characterization been collected? 

Further soil strati raphic and hydrologic 
Characterization % ata .: 

0 Expanded sampling.data 
0 Geophysical data on release location 

t 
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SECTION 10 

GROUND WATER 

10.1 Overview 

e - '  

The objective of an investigation of a release to ground water i s  to 
characterize the nature, extent, and rate of migration of a release of hazardous 
waste or constituents to that medium. This section provides: . 

0 An example strategy for characterizing releases to ground water, which 
indudes characterization of the source and the environmental setting of 
the release, and conducting a monitoring program which wil l 
characterize the release itself; 

t 
0 Formats for data organization and presentation; 

0 Field methods which may be used in the investigation; and 

. 0 A checklist of information that may be needed for release character- 
ization. 

The exact type and amount of information required for sufficient release 
characterization will be site-specific and should be determined through interactions 
between the regulatory agency and the facility owner or operator during the RFI 
process. This guidance does not define the specific data needed in all instances; 
however, it identifies possible information necessary to perform release 
characterizations and methods for obtaining this information. The RFI Checklist, 
presented at the end of this section, provides a tool for planning and tracking 
information for release characterization. This l i s t  is not meant as a l i s t  of 
requirements for all releases to ground water. Some release investigations will 
involve the collection of only a subset of the items listed, while others may involve 
the collection of additional data. 
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10.2 Approach for Characterizing Releases to Ground Water 

10.2.1 General Approach 

A conceptual model of the release should be formulated ising all available 
information on the waste, unit characteristics, environmental setting, and any 
existing monitoring data. This model (not a computer or numerical simulation 
model) should provide a working hypothesis of the release mechanism, transport 
pathway/mechanism, and exposure route (if any). The model should be 
testableherifiable and flexible enough to be modified as new data become 
available. 

For ground-water investigations, this model should account for the ability of 
the waste to be dissolved or to appear as a distinct phase (i.e., “sinkers” and 
“floaters”), as well as geologic and hydrologic factors which affect the release 
pathway. Both the regional and site-specific ground-water flow regimes should be 
considered in determining the potential magnitude of the release, migration , 
pathways and possible exposure routes. Exposure routes of concern include 
ingestion of ground water as drinking water and near-surface flow of contaminated 
ground water into basements of residences or other structures (see Appendix E). 
This “basement seepage” pathway can pose threats through direct contact, 
inhalation of toxic vapors and through fires and explosions if the contaminants are 
flammable. The model should consider the degradability (chemical and biological) 
of the waste and its decomposition products. The conceptual model should also 
address the potential for the transfer of contaminants in ground water to other 
environmental media (e.g., discharge to surface water and volatilization to the 
atmosphere). 

Based on the conceptual model, the owner or operator should develop a 
- monitoring program to determine the nature, extent, and rate of migration of 
- contaminant releases from SWMUs’ * to  ground water. Three-dimensional 

characterization is particularly important. The initial monitoring phase should 

Guidance in this section applies to releases from all solid waste management units, except 
releases to ground water from “regulated units‘ as defined under 40 CFR Pan 264.90(a)(2). 
Releases to ground water from “regulated units‘ must be addressed according to the 
requirements of 40 CFR Pam 264.91 thorugh 264.100 for purposes of detection, 
characterization and appropriate response. 
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include a limited number of monitoring wells, located and screened in such a way 
that they are capable of providing background water quality and of intercepting 
any release. The regulatory agency will evaluate the adequacy of an existing 
monitoring system, if proposed for use in the initial monitoring phase. The owner 
or operator may be required to install new wells if the existing well system is found 
to be inadequate. * 

Initial ground-water sampling and analysis may be conducted for a limited set 
of monitoring constituents. This set should include a subset of the hazardous 
constituents of concern, and may also include indicator parameters (e.g., TOX). 
Guidance regarding the selection of monitoring constituents and indicator para- 
meters is provided in Sections 3 and 7 and in Appendix 8. Sampling frequency and 
duration should also be proposed in the RFI Work Plan. 

Investigation of a suspected release may be terminated based on results from 
an initial monitoring phase if these results show that an actual release has not, ir, 
fact, occurred. If, however, contamination is found, the release must be adequately 
characterized through a subsequent monitoring phase(s). 

Su bseq uen t ch aracte ri ration involves determi n i ng the d etai led ch e m i ca I 
composition and the areal and vertical (i.e., three dimensional) extent of the 
contaminant release, as well as its rate of migration. This should be accomplished 
through direct sampling and analysis and, when appropriate, can be supplemented 
by indirect means such as geophysical methods (See Appendix C )  and modeling 
techniques. 

Table 10-1 outlines an example of strategy for characterizing releases to 
ground water. Table 10-2 lists the specific tasks which may be used in implementing 
the strategy, and the corresponding data outputs. The steps delineated in these 
tables should generally be performed in sequential order, although some may be ' 
accomplished concurrently. For example, the site's tiydrogeology may be 
investigated a t  the same time as waste and unit characterization; soil borings 
installed during hydrogeologic characterization may be converted into monitoring 
wells; and additional wells may be installed to more accurately characterize a 

. 

release while a sampling and analysis program is in effect a t  existing wells. 
____  ~- a 427 
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TABLE 10-1 

EXAMPLE STRATEGY FOR CHARACTERIZING 
RELEASES TO GROUND WATER1 

1. 

2. 

3. 

4. 

5. 

. .  

INITIAL PHASE 

Collect and review existing information on: 

- Waste - Unit - Environmental setting - 
Identify any additional information necessary to fully characterize release: 

Contaminant releases, including inter-media transport 

- Waste. - Unit - Environmental setting - Contaminant releases, including inter-media transport 

Develop monitoring procedures: 

- 
- Determine monitorin program objectives 

- - - - - - - - 

t 

Formulate conceptual model of release 

Appendix C) 
Select monitoring constituents and indicator parameters 
Identify QNQC and analytical procedures 
Appropriate initial area well locations (background and downgradient) 
Collection of additional hydrogeologic data (if necessary) 
Proper well screen interval selection 
Borehole testing and use of test pitting 
Sampling frequency and duration of monitoring 
Identification of data presentation and evaluation procedures 

- Plan field screening i 9 appropriate (e.g., geophysical investigations - see 

Conduct initial monitoring phase: 

- - - 
Collect, evaluate and report results: 

- 

Conduct field screening, if appropraite 
Collect samples and perform appropriate field measurements 
Analyze samples for selected parameters and constituents 

Compare monitoring results to health and environmental criteria and 
identify and respond to emergency situations and identify priority 
situations that warrant interim corrective measures - Notify regulatory 
agency 
Determine completeness and adequacy of collected data 
Summarize and present data in appropriate format 

- - 

428 
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TABLE 10-1 (Continued) 

. .  
. .  
. .  

EXAMPLE STRATEGY FOR CHARACTERIZING 
RELEASES TO GROUND WATER1 

INITIAL PHASE (Continued) 

. - Determine if monitoring program objectives were met - Determine if monitoring locations, constituents and frequency were 
adequate to characterize release (nature, rate, and extent) 

SUBSEQUENT PHASES (If Necessary) 

1. Identify additional information necessary to characterize release: 

- Perform further hydrogeologic characterization, if necessary - Add and delete constituents or indicator parameters as appropriate - Employ geophysical and other methods to estimate extent of release and 
to determine suitable new monitoring locations - Inter-media transport 

Expand monitoring network as necessary: 2. 

- - 
- install new monitoring wells 

3. Conduct subsequent monitoring phases: 

Increase density of monitoring locations 
Expand monitoring locations to new areas 

- - Collect samples and complete field analysis 
Analyze samples for selected parameters and constituents 

t 

. 

4. Collect, evaluate, and report resultdidentify additional information necessary 
to characterize release: 

Compare monitoring results to health and environmental criteria and 
identify and respond to emergency situations and identify priority 
situations the warrant interim corrective measures - Notify regulatory 
agency 
Summarize and present data in appropriate format 
Determine if monitoring program objectives were met 
Detennin-e if monitoring locations, constitutents, and frequency were 
adequate to characterize release (nature, extent, and rate) 
Identify additional information needs 
Oetermine need to expand monitoring 
Evaluate potential role of inter-media impact 
Report results to regulatory agency 

1 The possibility for inter-media transport of contamination should be 
antici pated throughout the investigation. 
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- 0  TABLE 10-2 
G C ~ R E L E A S E  CHARACTERIZATION TASKS FOR GROUND WATER 

Investigatory Tasks 

I. Wartdunit Characterization 

Identify waste properties 
(e.g., pH, viscosity) 

Identify constituents of 
concernlpossible indicator 
parameters 

Determine physical/chemical 
properties of constituents 

Determine unit dimensions 
and other important design 
features and operational 
conditions 

Investigate possible unit . 
release mechanisms to help 
determine flow 
characteristics 

1. Environmental Setting ' 

. Characterization 

- Examine surface features & 
topography for indicatidns 
of subsurface conditions 

- Define subsurface conditions 
& materials, including soil . 
and subsurface physical 
properties (e.% porosity, 
cation exchange capacity) 

-- 430- I 

~ ~ 

Investigatory Techniques 

Review existing information and 
conduct waste sampling i f  
necessary (See Sections 3 & 7) 

Review existing information and 
conduct waste sampling i f  
necessary (See Sections 3 & 7) 

Review existing information (See 
Section 7) 

Review existing information and 
conduct unit examinations (See 
Section 7) 

Review existing information and 
conduct unit examinations (See 
Section 7) 

Review existing information, 
facility maps, aerial & other 
photographs, site history, 
conduct surface geological 
surveys 

Review of existing geologic 
information 

Soil borings and rock corings 

Soil & subsurface material 
testing 

Geophysical technqiues (See 
Appendix C) 

10-6 

Data Presentation FormatJOutputs 

Tabular presentation (See 
Section 5) 

Tabular presentation (See 
Section 5) 

Tabular presentation (See 
Section 5) 

Tabular presentations, facility 
maps & photographs & narrative 
discussion (See Section 5 and 
Appendix A) 

Facility maps & photographs & 
narrative discussions (See ~ 

Appendix A) 

- Facility map & photographsltext 
* discussion (See Appendix A & C) 

Narrative discussions of geology 

Eoring and coring logs 

Subsurface profiles, transects & 
fence diagrams (See Appendix A 
& Section 5) 

.Tabular presentations of soil & 
subsurface physical & chemical 
propenies 

Geologic cross sections & 
geologic & soil maps (See Section 
5 & 9 &Appendix A) 

Structure contour maps (plan 
view) of aquifer & aqultards (See 
Section 5 & AQQendix A) 
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RELEASE CHARACTERIZATION TASKS FOR GROUND WATER (continued) 

Investigatory Tasks 

1. Environmental Setting 
Characterization (Continued) 

- Identification of regional 
ftow cells, ground-water 
flow paths & general 
hydrology, including 
hydraulic conductivities & 
aquifer interconnections . 

- Identification of potential 
receptors. . 

I. Release Characterization 

- Determine background 
levels & determine venical 
and horizontal extent of 
release, including 
concentrations of 

. constituents & determine - 

rate &directions of release 
migration 

~~ 

Investigatory Techniques 

Review of existing information 

Installation of piezometers & 
water level measurements at 
different depths 

Flow cell & flow net analyses 
using measured heads 

Pumping & slug tests &tracer 
studi& 

Geophysical techniques (See 
Appendix 0 

Review of existing informgtion, 
area maps, etc. 

Sampling &analysis of ground- 
water samples from monitoring 
system 

Geophysical methods (See 
Appendix 0 for detecting & 
tracking plume 

Modeling to estimate extent of 
plume & rate &direction of 
plume migration 

Data Presentation Formatgoutputs 

Narrative descriptions of 
ground-water conditions, flow 
cells, flow nets, flow patterns, 
including flow rates & direction 

Water table or potentiometric 
maps (plan view) with flow lines 
(See Section 5) 

hydrologic cross sectional maps 
(See Section 5) 

Flow nets for vertical & 
horizontal flow 

Tabular presentations of raw 
data & interpretive analysi 

Narrative discussion & area maps 

1 

Tabular presentations of 
constituent & indicator 
parameter analyses (See Section 
5) 

Iso-Concentrations maps of 
contamination (See'Section 5) 

Maps of rates of release 
migration &direction showing 
locations of possible receptors 
(See Section 5) 

Narrative discussion & 
interpretations of tabular & 
graphical presentations 



The specific tasks to be conducted for each release will be determined on a 
site-specific basis. It should bemoted that some of the characterization tasks may 
have been previously accomplished in conjunction with the 40 CFR Par ts  2 6 4  
and 265, Subpart F (ground-water monitoring) regulations. 

. 
As monitoring data become available, both within and a t  the conclusion of 

discrete investigation phases, it should be reported to the regulatory agency as 
directed. The regulatory agency will compare the monitoring data to applicable 
health and environmental criteria to determine the need for (1) interim corrective 
measures; and/or (2) a Corrective Measures Study. In addition, the regulatory 
agency .will evaluate the monitoring data with respect to  adequacy and 
completeness to determine the need for any additional monitoring efforts. The 
health and environmental criteria and a general discussion of how the regulatory 
agency will apply them are supplied in Section 8. A flow diagram illustrating RFI 
decision points is provided in Section 3 (See Figure 3-2). , 

t 

Notwithstanding the above process, the owner or operator has a continuing 
responsibility to identify and respond to emergency situations and to define priority 
situations that may warrant interim corrective measures. For these situations, the 
owner or operator is directed to obtain and follow the RCRA Contingency Plan 
under 40 CFR Part 264, Subpart 0. 

Case Study numbers 10, 18, 19, 20, 21 and 22 in Volume IV (Case Study 
Examples) illustrate the cond.uct of various aspects of ground-water investigations. 

10.2.2 Inter-'media Transport 

Indirect releases (inter-media transfer) to ground water may occur as a result 
of contaminant releases to soil and/or surface water that percolate or discharge to 
ground water. These releases may be recurrent or intermittent in nature, as in the 
case of overland run-off, and can vary considerably in areal extent. Direct releases 
to ground water may occur when waste materials are in direct contact with ground 
water ( e.g., when a landfill rests below the water table). 

Releases of contaminated ground water to other media may also occur, for 
example, in those cases where ground and surface waters are hydraulically 

. *  
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connected. Volatilization of contaminated ground water .to the air within 
residential and other structures may occur via the basement seepage pathway, as 
described previously. It is important for the owner or operator to be aware of the 
potential for such occurrences, and to communicate these to the regulatory agency 
when discovered. . 

This section provides guidance on characterizing ground-water releases from 
units, as well as those cases where inter-media transport has contaminated ground 
water. The owner or operator should be aware that releases to several media can 
often be investigated using concurrent techniques. For example, soil gas surveys 
may help to characterize the extent of soil and subsurface gas releases and, at  the 
same time, be used to estimate the extent of a ground-water release. Further 
guidance on the use of soil gas surveys for investigating releases to soil and ground 
water are presented in the Soil Section (Section 9). 

. 

10.3 Characterization of the Contaminant Source and the 

10.3.1 . Waste Characterization 

Knowledge of the waste constituents (historical 

E nviron me n ta I Setting 

and current) and their 
characteristics at the units of concern is  essential in selecting monitoring 
constituents and well locations. Waste (source) information should include 
identifying volumes and concentrations of hazardous waste or constituents present, 
and their physical and chemical characteristics. 

Identification of hazardous constituents may be a relatively simple matter of 
reviewing records of unit operations, but generally will require direct sampling and 
analysis of the waste in the unit. Hazardous constituents may be grouped by similar 
chemical and physiral. properties to aid in developing a more focused monitoring 
program. Knowledge of physical and chemical properties of hazardous constituents 
can help to determine their mobility, and their ability to degrade or persist in the 
environment. The mobility of chemicals in ground water is commonly related to 
their solubility, volatility, sorption, partitioning, and density. 

Section 3 provides additional guidance on monitoring constituent selection 
and Section 7 provides additional guidance on waste characterization. The, 
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following discussion describes several waste-related factors and properties which 
can aid in developing ground-water monitoring procedures: 

0 

0 

0 

0 

0 

0 
" . -. .- - 

The mobility of a waste is highly influenced by its physical form. Solid 
and gaseous wastes are less likely to come in contact with ground water 
than liquid wastes, except in situations where the ground-water surface 
directly intersects the waste, or where infiltrating liquids are leaching 
through the unsaturated zone. 

The concentration of any constituent a t  the waste source may provide an 
indication of the Concentration at  which it may appear in the ground 
water. 

The chemical class (i.e., organic, inorganic, acid, base, etc.) provides an 
indication of how the waste might be detected in the ground water, and 
how the various components might react with the subsurface geologic, 
materials, the ground water; and each other. 

The pH of a waste can provide an indication of the pH at  which it would 
be expected to appear in the ground water. A low pH waste could also 
be expected to cause dissolution of some subsurface geologic materials 
(e.g., limestone), causing channelization and differential ground-water 
flow, as in karst areas. 

The acid dissociation constant of a chemical (pK9) is a value which 
indicates its equilibrium potential in water, and is equal to the pH at 
which the hydrogen ion is in equilibrium with its associated base. If 
direct pH measurements are not feasible, the concentration of a waste in 
Combination with its pKa can be used to estimate the likely pH which will 
occur a t  equilibrium (in ground water), at  a given temperature. Acid 
dissociation values can be found in most standard chemistry handbooks, 
and values for varying temperatures can be calculated using the Van't 
Hoff equation (Snoeyinkand Jenkins, 1980). 

Viscosity is a measure of a liquid's resistance to  flow a t  a given 
- -3 temperature. The more viscous a fluid is, the more resistant it is to flow. 

. 
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Highly viscous wastes may travel more slowly than the ground water, 
while low-viscosity wastes may travel more quickly than the ground 
water. 

Water solubility describes the mass of a compound that dissolves in or is  
miscible with water a t  a given temperature and pressure. Water 
solubility is important in assessing the fate and transport of the 
contaminants in ground water because it indicates the chemical's affinity 
for the aqueous medium. High water solubility permits greater amounts 
of the hazardous constituent to enter the aqueous phase, whereas low 
water solubility indicates that a contaminant can be present in ground 
water as a separate phase. Therefore, this parameter can be used to 
establish the potential for a constituent to enter and remain in the 
ground water. 

The density of a substance (solid or liquid) is its weight per unit volume. 
The density of a waste will determine whether it sinks or floats when it 
encounters ground water, and will assist in locating well screen depths 
when attempting to monitor for specific hazardous constituents released 
to ground water. 

The log of the octanolhvater partition coefficient (Kow) is a measure of 
the relative affinity of a constituent for the neutral organic and inorganic 
phases represented by n-octanol and water, respectively. It is calculated 
from a ratio (P) of the equilibrium concentrations (C) of the constituent 
in each phase: 

and Kow = log P Coctanol 

Cwater 

p =- 

The Kow has been correlated to a number of factors for determining 
contaminant fate and transport. These include adsorption onto soil 
organic matter, bioaccumulation, and biological uptake. It also bears a 
relationship to aqueous solubility. 

- - _  . - 
v 
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0 The Henry's Law Constant of a constituent is the relative equilibrium 
ratio of a compound in air and water at  a constant temperature. It can 
be estimated from the equilibrium vapor pressure divided by the 
solubility in water and has the units of atm-m3/mole. The Henry's Law 
Constant expresses the equilibrium distribution of the constituent 
between air and water and indicates the relative ease with which the 
constituent may be removed from aqueous solution. 

0 Other influences of the waste constituents should also be considered. 
Constituents may react with soils, thereby altering the physical properties 
of the soil, most notably hydraulic conductivity. Chemical interactions 
among waste constituents should also be considered. Such interactions 
may affect mobility, reactivity, solubility, or toxicity of the constituents. 
The potential for wastes or reaction products to interact with unit 
construction materials (e.g., synthetic liners) should also be considered. 

t 

The references listed in Section 7 may be used to obtain information on the 
. parameters discussed above. Other waste information may be found in facility 

records; permits, or permit applications. It should be noted that mixtures of 
chemicals may exhibit characteristics different than those of any single chemical. 

10.3.2 Unit Characterization 

Unsound unit design and operating practices can allow waste to migrate from 
a unit and possibly mix with natural runoff. Examples include surface impound- 
ments with insufficient freeboard allowing for periodic overtopping; leaking tanks 
or containers; or land based units above shallow, low permeability materials which, 
if not properly designed and operated, can fill up with water and spill over. In 
addition, precipitation falling on exposed wastes can dissolve and thereby mobilize 
hazardous constituents. For example, a t  uncapped active or inactive waste piles and 
landfills, precipitation and leachate are likely to mix at  the toe of the active face or 
the low point of the trench floor. 

Unit dimensions (e.g., depth and surface area) and configuration (e.g., 
rectangular, parallel trenches), as well as volume (e.g., capacity) should also be 
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release and the development of a suitable monitoring network. 

10.3.3 Characterization of the Environmental Setting 

Hydrogeologic conditions a t  the site to be monitored should be evaluated for 
the potential impacts the setting may have on the development of a monitoring 
program and the quality of the resulting data. Several hydrogeologic parameters 
should be evaluated, including: 

. Types and distribution of geologic materials; 

0 Occurrence and movement of ground water through these materials; 

0 Location of the facility with 'respect to the regional ground-water flow 
system; t 

0 Relative permeability of the materials; and 

0 Potential interactions between contaminants and the geochemical 
parameters within the formation(s) of interest. 

These conditions are interrelated and are therefore discussed collectively below. 

There are three basic types of geologic materials through which ground water 
normally flows. These are: (1) porous media; (2) fractured media; and (3) fractured 
porous media. In porous media (e.g., sand and gravels, silt, loess, clay, till, and 
sandstone), ground water and contaminants move through the pore spaces 
between individuai grains. In fractured media (e.g., dolomites, some shales, 
granites, and crystalline rocks), ground water and contaminants move 
predominantly through cracks or solution crevices in otherwise relatively 
impermeable rock. In fractured porous media (e.g., fractured tills, fractured 
sandstone, and some fractured shales), ground water and contaminants can move 
through both the intergranular pore spaces as well as cracks or crevices in the rock 
or soil. The occurrence and movement of ground water through pores and cracks or 
solution crevices depends on the relative effective porosity and dear-ee- of 

437 
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channeling occurring in cracks or crevices. Figure 10-1 illustrates the occurrence and 
movement of ground water and contaminants in the three types of geologic 
materials presented above. 

The distribution of these three basic types of geologic materials is seldom 
homogeneous or uniform. In most settings, two or more types of materials will be 
present. Even for one type of material a t  a given site, large differences in 
hydrologic characteristics may be encountered. The heterogeneity of the materials 
can play a significant role in the rate of contaminant transport, as well as in 
developing appropriate monitoring procedures for a site. 

Once the geologic setting is understood, the site hydrology should be 
evaluated. The location of the site within the regional ground-water flow system, 
or regional flow net, should be determined to evaluate the potential for 
contaminant migration on the regional scale. Potentiometric surface data (water 
level information) for each applicable geologic formation a t  properly selected 
vertical and horizontal locations is needed to determine the horizontal and vertical 
ground-water flow paths (gradients) a t  the site. Figure 10-2(a) and (b) illustrate two 
geohydrologic settings commonly encountered in eastern regions of  the 
United States, where ground water recharge exceeds evapotranspirational rates. 
Figure lO-Z(c) illustrates a common geohydrologic setting for the arid western 
regions of the United States. The potential dimensions of a contaminant release 
would depend on a number of factors including ground-water recharge and 
discharge patterns, net precipitation, topography, surface water body locations, 
and the regional geologic setting. 

Table 10-3 and Figures 10-3 through 10-16 illustrate regional, intermediate, 
and local ground water regimes for the major ground-water regions in the United 
States. Ground-water flow paths, and where possible, generalized flow nets are 
shown superimposed on cross-sections of the geological units. Much of the 
information presented in the figures and following text descriptions were taken 
from Heath et. al., 1 984 (Ground Water Reqions of the US., U.S.G.S. Water Supply 

. 
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(a) LOCAL A N 0  REGIONAL GAOUNO WATER 

FLOW SYSTEMS IN HUMID ENVlAONMENtf 

(b) TlHIOnAllY REVERSAL OF GAOUNO-WATaR PLOW O U I  TO 
FLoootmi oc A Rtvan on m a * w  

Figure 10-2. Ground-water flow paths in some different hydrogeologic settings. 
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Figure 10-3. Western Mountain Ranges (continued) 
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Figure 10-4. Alluvial Basins 
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Figure 10-5. Columbia Lava Plateau 
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Figure 10-5. Columbia Lava Plateau (continued) 
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COLORADO P U T U U  AND 
WYOMING BASIN 
F i n  roils over consolidated sedimentary 
rocks) 
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Figure 10-6. Colorado Plateau 
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Figure 10-7. High Plains 
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Figure 10-7. High Plains(continued) 
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Figure 10-8. Non-glaciated Central 
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Figure 10-1 1. Northeast and Superior Uplands (continued) 
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Figure 10-1 3. Southeast Coastal Plain (continued) 
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HAWAIIAN ISLANDS 
(lava flows sqmented in part by dikes, 
interbedded with ash deposits, and partly 
overlain by alluvium) 

UNSATURATED ROCK 

Figure 10-1 4. Hawaiian islands 
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Figure 10-1 5. Alaska 
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Paper No. 2242). following are descriptions of each of the major ground-water 
regions illustrated in the figures (figures 10-3 through 10-16). 

Ground-water flow in the Western Mountain Ranaes region is influenced by 
melting snow and rainfall a t  higher altitudes. The thin soils and fractures present in 
the underlying bedrock have a limited storage capacity and are filled quickly with 
recharging ground water flowing from higher elevations (see figure 10-3). The 
remaining surface water runs overland to streams that eventually may recharge 
other areas. Streams that recharge ground water are referred to as "losing 
streams." figure 10-3 also shows local ground-water flow paths influenced by low 
permeability bedrock located in intermountain valleys throughout the mountain 
ranges. 

The Alluvial Basins region consists of deep, unconsolidated sediments adjacent 
to mountain ranges. Precipitation often runs rapidly off the mountains and 
infiltrates into the alluvium at  the valley margins. The water moves through the 
sand and gravel layers toward the centers of the basins (figure 10-4). The presence' 
of disjointed masses of bedrock in this region is crucial to  the hydrogeological 
regime. L0.w permeability igneous bedrock often isolates the ground-water regime 
into individual basins with minimal exchange of ground water. Where the bedrock 
is composed of limestone or other highly permeable formations, large regional flow 
systems can develop, encompassing many basins. Recharge areas in this region are 
located in upland areas; lowland.stream beds only carry water when sufficient 
runoff from the adjoining mountains occurs. 

Basaltic bedrock is the major source of ground water within the Columbia Lava 
Plateau region. Volcanic bedrock yields water mainly from zones a t  the contacts of 
separate basalt flows. The permeability and hydraulic conductivity are much higher 
in these zones at  the edges of the flows than in the center of the flows (see figure 
10-5.) This is caused partially by the rapid cooling and consequent fracturing of the 
top of each basalt flow. 

The Colorado Plateau and Wvomina Basin region is a large plateau consisting 
principally of sandstones, shales, and limestones. These sedimentary rocks are 
generally horizontal but have been modified by basins and domes in some areas 
(see Figure 10-6). Sandstones have significant primary porosity and are the major 

' ' '-4-6-9--1 
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water-bearing units in this region. Recharge occurs where the sandstones are 
exposed. Intermittent losing streams created by sudden summer storms provide 
some recharge, but most recharge is caused by snowmelt. 

Generally, ground water is unconfined in the recharge areas and confined in 
the lower reaches of the aquifers. The storage coefficients and transmissivities in 
the confined portions of the aquifers are small, causing extensive drawdown during 
even minor pumping. Saline ground water is characteristic of this region and is 
caused by the existence of gypsum and halide in the sedimentary deposits. 

The Hish Plains region is underlain by thick alluvial deposits that comprise a 
productive and extensively developed aquifer system. The source of recharge to the 
aquifer system is precipitation, except in Western Texas where recharge is centered 
a t  playas (see Figure 10-7). In many areas, well discharges far exceed recharge, and 
water levels are declining. The dominant features influencing ground-water flow in 
this region include the Ogalalla Aquifer, the Pierre Shale, and the complext 
interbedding of sand and clay lenses. Figure 10-7 provides generalized flow nets, 
showing flow patterns through these features. 

Thin regolith over fractured sedimentary rocks typifies the nature of the 
geology in the’Nonslaciated Central region (see Figure 10-8). This region extends 
from the Rocky Mountains to the Appalachian ‘Mountains. Water is transmitted 
primarily along fractures developed a t  bedding planes. Interconnected vertical 
fractures also can store a large portion of the ground water. An example of ground- 
water flow on a local scale is shown for karst terrain, where ground water moves 
rapidly through solution cavities and fractures in limestone and where the flow 
pathways are closely associated with the configuration of fractures. Ground-water 
flow in the karst regime does not usually follow Darcy’s law because most of the 
flow goes througb large channels rather than the pores in the rock. Thus, 
construction of a flow net may not be appropriate in some cases. An additional 
example of localized flow in this region i s  provided,’showing a surface 
impoundment site in Pennsylvania. Notice that ground water discharges to surface 
water, a phenomenon typical of this region. 

The topography of the Glaciated Central region is characterized by rolling hills 
and mountains in the eastern portion of the region and by flat to gently rolling 
i 470’ 
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355 
terrain in the western portion of the region. Glacial deposits vary in thickness 
within the region and are underlain by bedrock. Ground water occurs in the glacial 
deposits in pores between the grains and in the bedrock primarily along fractures. 
Permeability of glacial deposits ranges from extremely transmissive in gravels to low 
transmissivity in poorly sorted tills. The presence of buried valleys, till, deltas, 
kames, and other glacial artifacts highly influences the transmission of ground 
water within the region. Two examples of localized flow are presented in Figure 10- 
9. The first'example shows a flow regime in an area where till has the highest 
hydraulic conductivity relative to the other formations. In the second example, the 
till bed has a much lower hydraulic conductivity than the deltaic outwash deposited 
above it. 

Thick regolith overlies fractured crystalline and metamorphic bedrock in most 
of the Piedmont and Blue Ridcre region. The hydraulic conductivities of regolith and 
fractured bedrock are similar. However, bedrock wells generally have much larger 
ground-water yields than regolith wells because, being deeper, they have a much 
larger available drawdown. Fracture-controlled movement of ground water' 
through bedrock is illustrated by generalized flow paths rather than quantitative 
flow lines used in a flow net in Figure 10-10, as is.ground-water movement through 
saprolite (weathered bedrock) and river alluvium. 

I 

0 
The Northeast and Superior Uplands region is characterized by folded and 

faulted igneous and metamorphic bedrock overlain by glacial deposits. The primary 
difference in the ground-water environment between this region and the Piedmont 
and Blue Ridge region is the presence of glacial material rather than regolith. The 
different types of glacial material have vastly different storage capacities and 
hydraulic conductivities. Examples of ground-water flow through till, delta, and 
kame deposits, as well as a generalized ground-water regime with upward 
gradients, are illustrated - in Figure 10-1 1. 

The Atlantic and Gulf Coastal Plain region is underlain by unconsolidated 
sediments that consist primarily of sand, silt, and clay. The sediments are often 
interbedded as a result of deposition on floodplains or deltasand of subsequent 
reworking by ocean currents. Recharge to the ground-water system occurs in the 
interstream areas; most streams in this region are gaining streams (see Figure 10- 
12). Encroachment of salt water into well drawdown areas can be a problem in this 0 
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.area if high rates of ground-water withdrawal occur. An example of a regional flow 
net based on high recharge in hills shows how regional flow may differ from 
localized flow based on local topography. Also shown in Figure 10-12 is a landfill 
located in a recharge area nearthe Savannah River in Georgia. 

. Ground water in the Southeast Coastal Plain region lies primarily within 
semiconsolidated limestone. Sand, gravel, clay, and shell beds overlie the limestone 
beds. Recharge in this region occurs by precipitation infiltrating directly into 
exposed limestone and by seepage through the permeable soils that partially 
mantle the limestone (see Figure 10-13). Coastal environments, such as beaches and 
bars, and swamp areas have different ground-water regimes, which are shown in 
Figure 10-13. Flow through solution channels and large fractures in limestone is 
often rapid, similar to the situation shown in Figure 10-8. 

The Hawaiian Islands region consists of many distinct and separate lava flows 
that repeatedly issued from several eruption centers forming mountainous islands., 
Lava extruded be1o.w sea level is relatively impermeable; lava extruded above sea 
level is much more permeable, -having interconnected cavities, faults, and joints. 
Ground-water flow in this region is similar to that of the Columbia Plateau region, 
with the central parts of thick lava flows being less permeable and the major 
portion of ground-water flow in these thick beds occurring a t  the edges and 
contacts of the different lava flows. Alluvium overlies the lava in the valleys and 
portions of the coastal plains. 

Ground water in this region can be characterized by'one of three ground- 
water flow regimes. The first flow regime consists of ground water impounded in 
vertical compartments by dikes in the higher elevations near the eruption centers. 
The second flow regime con6sts of fresh water floating on salt water in the lava 
deposits that flank the eruption centers. This ground water is referred to as basal 
ground water and makes up the major aquifers in' the region. In some areas of the 
coastal plain, basal ground water is confined by overlying alluvium, which may 
restrain seaward migration of fresh water. The third flow regime is where ground 
water is perched on soils, ash, or thick impermeable lava flows above the basal 
ground water. Figure 10-14 illustrates examples of ground-water flow in this 
region. 
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The Alaska region comprises several distinct flow regimes that can be 

categorized by ground-water regions in the lower 48 States. For example, Alaska's 
Pacific Mountain System is similar to the Western Mountain Ranae and Alluvial 
- Basin regions described previously. The major variable causing Alaska to be 
classified as a separate region is its climate and the existence of permafrost over 
most of the region. 

Permafrost has a major effect on the hydraulic conductivity of most geologic 
deposits. Hydraulic conductivity declines as temperatures drop below 0 O C .  This 
effect can be severe, causing a deposit that would be an aquifer in another area to 
become a low-permeability aquitard in an area of permafrost. In Alaska, ground- 
water supplies are drawn from deposits that underlie the permafrost or from areas 
where the permafrost is not continuous. See Figure 10-15. 

Most recharge in this region occurs in large alluvial deposits, such as alluvial 
fans, which streams cross and discharge to. Although the volume of interstream , 
surface water is large during periods of snow melt, these interstream areas do not 
act as recharge areas because they are usually frozen during the snow melts. 

The Alluvial Valley region consists of valleys underlain by sand and gravel 
deposited by streams carrying sediment-laden melt water from glaciation that 
occurred during the Pleistocene. These valleys are considered to be a distinct 
ground-water terrain. They occur throughout the United States and can supply 
water to wells a t  moderate to high rates (see Figure 10-16). These valleys have thick 
sand and gravel deposits that are in a dearly defined band and are in hydraulic 
contact with a perennial stream. The sand and gravel deposits generally have a 
transmissivity of 10 or more times greater than that of the adjacent bedrock. S i l t  
and clay commonly are found both above and below the sand and gravel channels 
in the Alluvial Valley region as a result of overbank flooding of rivers. Ground- 
water recharge in this region is predominantly by precipitation on the valleys, by 
ground water moving from the adjacent and underlying aquifers, by overbank 
flooding of the streams, and, in some glacial valleys, by infiltration from tributary 
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streams. An example of a flow net illustrating local ground-water movement 
beneath a waste disposal site in Connecticut also is shown in Figure 10-16. 

in addition to determining the directions of ground-water flow, it is essential 
to determine the approximate rates of ground-water movement to properly design 
a'monitoring program. Hydraulic conductivity, hydraulic gradient, and effective 
porosity data are required to estimate the average linear velocity of ground water 
and, therefore, assist in t he  determination of the rate of contaminant migration. 
Hydraulic conductivity data can be determined using single well (slug) test data. 
Several hydraulic conductivity measurements can be made on materials penetrated 
by individual wells to provide data on the relative heterogeneity of t h e  materials in 
question. Measurements made in several wells also provide a comparison to check 
for effects of poor well construction. Hydraulic conductivity can also be determined 
from multiple-well (pumping) tests. A multiple-well test provides a hydraulic 
conductivity value for a larger portion of the aquifer. Hydraulic conductivities 
determined in the laboratory have been shown to vary by orders of magnitude from 
values determined by field methods and are, therefore, not recommended for use in 
the RFI. 

t 

. .  Porosity can have an important controlling influence on hydraulic con- 
ductivity. Materials with high porosity values generally also have high hydraulic 
conductivities. An exception is clayey geologic materials which, although possessing 
high porosities, have low hydraulic conductivity values (resulting in low flow rates) 
due to their molecular structure. All of the pore spaces within geologic materials 
are-not available for water or solute flow. Dead-end pores and the portion of the 
total porosity occupied by water held to soil particles by surface tension forces, do 
not contribute to effective porosity. Therefore, to determine average linear 
velocities, the  effective porosity of the  materials should be determined. In the 
absence of measured values, the values provided in Table 10-4should be used. 

Knowledge of the rates of ground-water flow is essential to determine if t he  
locations of the monitoring wells are within reasonable flow distances of the 
contaminant sources. Flow rate data can also be used to calculate reasonable 
sampling frequencies! This is particularly important when attempting to monitor 
the potential migration of a intermittent contaminant release. 
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TABLE 10-4. DEFAULT VALUES FOR EFFECTIVE POROSITY 

Soil Textural Classes 

Unified Soil Classification Svstem 

GC, GP, GM, GS 
SW, SP, SM, SC 

ML, MH 

CL, OL, CH, OH, PT 

USDA Soil Textural Classes 

Clays, silty clays, 

sandy clays . 

Silts, s i l t  loams, 

Silty clay loams 

. .  

All others 

qock Units (all) 

Porous media (nonfractured 

rocks such as sandstone and some carbonates) - 

Fractured rocks (most carbonates, shales, 

Qranites, etc.) 

Effective 
Porosity o f  

Saturation a 

a These values are estimates. There may be differences between similar units. 

b Assumes de minimus secondary porosity. If fractures or soil structure are 
present, effective porosity should be 0.001 (0.1%). 

0.20 

(20%) 

0.15 
(15%) 

0.01 
(l%)b 

0.01 
( 1  %)b 

0.10 

(10%) 

0.20 

(20%) 

-0.15 

( 1  5%) 

0.0001 
(0.01 %) 

t 
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Geochemical and biological properties of the aquifer matrix should be 
evaluated in terms of their potential interference with the goals of the monitoring 
program. For example, chemical reactions or biological transformations of the 
monitoring constituents of concern may introduce artifacts into the results. Physical 
and hydrologic conditions will determine whether or not information on chemical 
or biological interactions can be collected. If the potential for these reactions or 
transformations exists, consideration should be given to monitoring for I i  kely 
intermediate transformation or degradation products. 

The monitoring system design is influenced in many ways by a site's 
hydrogeologic setting. Determination of the items noted in the stratigraphy and 
flow systems discussions will aid in logical monitoring network configurations and 
sampling activities. For example: 

Background and downgradient wells should be screened in the same 
stratigraphic horizon(s) to obtain comparable ground-water quality 
data. Hydraulic conductivities should be determined to evaluatet 
preferential flowpaths (which will require monitoring) and to establish 
sampling frequencies. 

The distances between and number of wells (well density) should be a 
function of the spatial heterogeneity of a site's hydrogeology, as is 
sampling frequency. For example, formations of unconsolidated 
deposits with numerous interbedded lenses of varying hydraulic 
conductivity or consolidated rock with numerous fracture traces will 
generally require a greater number of sampling locations to ensure that 
contaminant pathways are intercepted. 

. .  

The slope of the potentiometric surface and the slope of the aquitard 
formation strongly influence the migration rates of light and dense 
immiscible compounds. 

The hydrogeology will strongly influence the applicability of various 
geophysical methods (Appendix C), and should be used to establish 

0 boundary conditions for any modeling to be performed for the site. 

r-/--~ 
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Analyses for contaminants of concern in the ground-water monitoring 
program can be influenced by the general water quality present. 
Naturally-occurring cations and anions can affect contaminant reactivity, 
solubility, and mobility. 

Sites with complex geology will generally require more hydrogeologic 
information to provide a reasonable assurance that well placements will 
intercept contaminant migration pathways. For example, Figure 10-1 7 
illustrates a cross-sectional and plan view of a waste landfill located in a 
mature Karst environment. This setting is characteristic of carbonate 
environments encountered in various parts of the country, but especially 
in the southeastern states. An assessment of the geology of the site 
through the use of borings, geophysical surveys, aerial photography, 
tracer studies, and other geological investigatov techniques, identified a 
mature Karst geologic formation characterized by sinkholes, solution 
channels and extensive vertical and horizontal fracturing in an 
interbedded limestone/dolomite. Using potentiometric data, ground- 
water flow was found to be predominantly in an easterly direction. 

Solution channels are formed by the flow of water through the fractures. 
The chemical reaction between the carbonate rock and the ground- 
water flow in the fractures produces solution channels. Through time, 
these solution channels are enlarged to the point where the weight of 
the overlaying rock is too great to support; consequently causing a 
"roof" collapse and the formation of a sinkhole. The location of these 
solution channels should guide the placement of monitoring wells. 
Note that in Figure 10-17 the placement of well No. 2 is offset 50 feet 
from the perimeter of the landfill. The horizontal placement of well No. 
2, although - not immediately adjacent to the landfill, is necessary in order 
to monitor all potential contaminant pathways. The discrete nature of 
these solution channels dictate that each potential pathway be 
monitored. 

The height of the solution channels ranges from three to six feet directly 
beneath the sinkhole to one foot under the landfill except for the 40- 
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foot deep cavern. This limited vertical extent of the cavities allows for full screening 
of the horizontal solution channels. (Note the change in orientation of solution 
channels due to the presence of the fossil hash layer). . 

Chapter I of the RCRA Ground Water Monitorinq Technical Enforcement 
Guidance Document (TEGD) (US. €PA, 1986) provides additional guidance in 
characterization of site hydrogeology. Various sections of the document will be 
useful to the  facility owner or operator in developing monitoring plans for RCRA 
Facility Investigations. 

. In order to further characterize a release to ground water, data should be 
collected to assess subsurface stratigraphy and ground-water flow systems. These 
are discussed in the following subsections. 

10.3.3.1 Subsurface Geology 

t 
In order to adequately characterize the  hydrologic setting of a.site, an analysis 

of site geology should first be completed: Geologic site characterization consists of 
both a characterization of stratigraphy, which includes unconsolidated material 
analysis, bedrock features such as lithology and structure, and depositional 
information, which indicates the  sequence of events which resulted in the present 
subsurface configuration. 

information that may be needed to characterize a site's subsurface geology 
includes: 

0 Grain size distribution and gradation; 

0 Hydraulic conductivity; 

0 Porosity; 

0 Discontinuities in soil strata; and 

0 Degree and orientation of subsurface stratification and bedding. 

_ -  -- - - -- 
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Refer to Section 9 (Soil) for further details. 

Grain size distribution and wadation--A measurement of the percentage of 
sand, silt, and clay should be made for each distinct layer of the soil. Particle size can 
affect contaminant transport through i ts impact on adsorption and hydraulic 
conductivity. Sandy soils generally have low sorptive capacity while clays tend to 
have a high affinity for heavy metals and some organic contaminants. This is due in . 

part to the fact that small clay particles have a greater surface area in relation to 
their volume than do the larger sand particles. Greater surface areas allow for 
increased interactions with contaminant molecules. Clays may also bind 
contaminants due to the chemical structure of the clay. Methods for determination 
of sand/siIt/clay fractions are available from ASTM, Standard Method No. D422-63 
(ASTM, 1984). 

I 

Hydraulic conductivity--This property represents the ease with which fluids can 
flow through a formation, and is dependent on porosity, and grain size, as well as 
on the viscosity of the fluid. Hydraulic conductivity can be determined by the use of * 
field tests, as discussed in Section 10.6. 

Porositv-Soil porosity is the volume percentage of the total volume of the soil 
not occupied by solid particles (i.e., the volume of the voids). In general, the greater 
the porosity, the more readily fluids may flow through the soil, with the exception 
of clays (high porosity), in which fluids are held tightly by capillary forces. 

Discontinuities in qeolotaical materials--Folds are layen of rock or soil that have 
been naturally bent over geologic time. The size of a fold may vary from several 
inches wide to several miles wide. In any case, folding usually results in a complex 
structural configuration of layers (Billings, 1972). 

Faults are ruptures in rock or soil formations along which the opposite walls of 
the formation have moved past each other. Like folds, faults'vary in size. The result 
of faulting is the disruption of the continuity of structural layen. 

Folds and faults may act as either barriers to or pathways for ground-water 
(and contaminant) flow. Consequently, complex hydrogeologic conditions may be 
exhibited. The existence of folds or faults can usually be determined by examining 
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355 
geologic maps or surveys. Aerial photographs can also be used to identify the 
existence of these features. Where more detailed information is needed, field 
methods (e.g., borings or geophysical methods) may need to be employed. 

Joints are relatively smooth fractures found in bedrock. Joints may be as long 
as several hundred feet (Billings, 1972). Most joints are tight fractures, but because 
of weathering, joints may be enlarged to open fissures. Joints result in a secondary 
porosity in the bedrock which may be the major pathway'of ground-water flow 
through the formation (Sowers, 1981): 

Interconnected conduits between grains may form during rock formation 
(Sowers, 1981). The permeability of a bedrock mass is often defined by the degree 
of jointing. Ground water may travel preferentially along joints, which usually 
governsthe rate of flow through t h e  bedrock. The degree and orientation of joints 
and interconnected voids is needed to determine if there will be any vertical or 
horizontal leakage through the formation. In some cases, bedrock acts as an  
aquitard, limiting the ground-water flow in an aquifer. In other cases, the  bedrock' 
may be much more productive than overlying alluvial aquifers. 

. 

t 

Geologic maps available from t h e  USGS (see Section 7) may be useful in 
obtaining information on the degree and orientation of jointing or interconnected 
void formation. Rock corings may also be used to identify these characteristics. 

Decrree and orientation of subsurface stratification and beddinq--The owner 
or operator shduld develop maps of the subsurface structure for the areas of 
concern. These maps should identify the thickness and depth of formations, soil 
types and textures, the locations of saturated regions and other hydrogeological 
features. For example, t h e  existence of an extensive, continuous, relatively 
horizontal, shallow strata of low permeability can provide a clue to contaminant 
routing. In such cases, the contaminants may migrate at shallow depths, which are 
above the regional aquifer. Such contamination could discharge into nearby, low- 
lying structures (e.g., seepage into residential basements). This ,, basement 
seepage" pathway has been demonstrated to be a significant migration channel in 
many cases. This pathway may result from migration of vapors in the vadose zone 
or through lateral migration of contaminated ground water. Basement seepage is 
more likely to occur in locations with shallow ground water. A method for 

. 
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estimating basement air contaminant concentrations due to volatile components in 
ground-water seeped into basements appears ih Appendix E. 

A variety of direct and indirect methods are available to characterize a site 
geologically with respect to the above geologic characteristics. Direct methods 
utilize soil borings and rock core samples and subsequent lab analysis to evaluate 
grain size, texture, uniformity, mineralogy, soil moisture content, bedrock lithology, 
porosity, and structure. Combined, these data provide the basis for delinea.ting the 
geologic nature of the site and, in turn, provide the data necessary to evaluate'the 
hydrologic setting. 

Indirect methods of geologic investigation, such as geophysical techniques 
(See Appendix C) and aerial photography (See Appendix A) can be used to 
supplement data gathered by direct field methods, through extrapolation and 
correlation of data on surface and subsurface geologic features. Borehole 
geophysical techniques can be used to extrapolate direct data from soil borings and. 
bedrock cores. Surface geophysical methods can provide indirect information on 
depth, thickness, tateral extent, and variation of subsurface features that can be 
used to extrafiolate information gained from direct methods. Applicable surface 
geophysical methods include seismic refraction, electrical resistivity, electro- 
magnetics, magnetics, and ground penetrating radar. 

10.3.3.2 Flow Systems 

In addition to characterizing the subsurface geology, the owner or operator 
should adequately describe the ground-water flow system. To adequately describe 
the ground-water flow paths, the owner or operator should: 

0 Establish the direction of ground-water flow (including horizontal and 
vertical cimponents of flow); 

0 Establish the seasonal, temporal, and artificially induced (e.g., offsite 
production well pumping, agricultural use) variations in ground-water 
flow; and 
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0 Determine the hydraulic conductivities of the hydrogeologic units 

underlying the site. 

Hydrologic and hydraulic properties and other relevant information needed to 
fully evaluate the ground-water flow system are listed and discussed below: 

0 Hydraulic conductivity; 

' 0 

0 

Hydraulic gradient (vertical and horizontal); 

Direction and rate of flow; 

0 Aquifer typehdentification of aquifer boundaries; 

Specific yield (effective porosity)/storage coefficient; 

0 Depth to ground water; 

0 , Identify uppermost aquifer; 

0 

0 Use of aquifer; and 

Identify recharge and discharge areas; 

. 

. Aquitard type and location. 

Hvdraulic conductivity-In additioh to defining the direction of ground-water 
flow in the vertical and horizontal directions, the owner or operator should identify 
the distribution of: hydraulic conductivity within each formation. Variations in the 
hydraulic conductiky of subsurface materials can affect flow rates and alter 
directions of ground-water flow paths. Areas of high hydraulic conductivity 
represent areas of greater ground-water flow and zones of potential migration. 
Therefore, information on hydraulic conductivities is needed to make decisions 
regarding well placements. Hydraulic conductivity measurement is described in 
Section 10.6. 

a 
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Hvdraulic aradient--The hydraulic gradient is defined as the change in static 

head per unit distance in a given direction. The hydraulic gradient defines the 
direction of flow and may be expressed on maps of water level measurements taken 
around the site. Ground-water velocity is directly related to hydraulic gradient. 
Both vertical and horizontal gradients should be characterized. 

Direction and rate of flow--A thorough understanding of how ground water 
flows beneath the facility will aid the owner or operator in locating wells to provide 
suitable background and/or downgradient samples. Of particular importance is the 
direction of ground-water flow and the impact that external factors (intermittent 
well pumping, temporal variations in recharge patterns, tidal effects, etc.) may have 
on ground-water flow patterns. In order to account for these factors, monitoring 
procedures should include precise water level measurements in piezometers or 
observation wells. These measurements should be made in a sufficient number of 
wells and at a frequency sufficient to adequately gauge both seasonal average flow 
directions and to show any seasonal or temporal fluctuations in flow directions. 
Horizontal and vertical components of ground-water flow should be assessed. 
Methods for determining vertical and horizontal components of flow are described 
in Subsection 10.5.4. 

t 

.. 

Identification of aquifer boundariedacwifer Woe--Aquifer boundaries define 
the flow limits and the degree of confinement of an aquifer. There are two major 
types of aquifers: unconfined and confined. An unconfined aquifer has a free 
water surface a t  which the fluid pressure is the same as atmospheric. A confined 
aquifer is enclosed by retarding geologic formations and is, therefore, under 
pressure greater than atmospheric. A confining unit consists of consolidated or 
unconsolidated earth materials that are substantially less permeable than aquifers. 
Confining units are called aquitards or aquicludes. Aquifer boundaries can be 
identified by consulting geologic maps and &ate geologic surveys. Observation 
wells and piezometers can be used to determine the degree of confinement of an 
aquifer through analysis of water level data. 

. 

Specific vield/storativity--Specific yield and storativity are both terms used to 
characterize the amount of water an aquifer is  capable of yielding. In an 
unconfined system, the specific yield is the ratio of the drainable volume to the bulk 
volumepf I .  . the aquifer medium (some liquid will be retained in pore spaces). The 
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storativity of a confined aquifer is the volume of water released from a column of 
unit area and height per unit decline of pressure head. Specific yield or rtorativity 
values may be necessary to perform complex ground-water modeling. 

0 

Depth to around water--The depth to ground water is the vertical distance 
from the land's surface to the top of the saturated zone. A release from a unit not 
in contact with the water table will first percolate through the unsaturated zone 
and may, depending upon the nature of the geologic material, disperse 
horizontally. Thus, a release of this nature may reach a deep water table with 
limited lateral spreading. Depth to ground water can influence the selection of 
sampling methods as well as geophysical methods. 

A shallow water table can also facilitate releases to other environments via 
volatilization of some compounds into the unsaturated zone, seepage into base- 
ments of buildings in contact with the saturated zone, or the transport of  
contaminants into wetlands where the water table reaches the level of the ground 
surface. Sufficient mapping of the water table with particular attention to these ' 
features should provide an indication of where these interactions may exist. 

Identification of uppermost aquifer--As defined in 40 CFR 3260.10, "aquifer" 
means a geologic formation, group of formations, or part of a formation capable of 

. yielding a significant amount of ground water to wells or springs. "Uppermost 
aquifer," also defined in 40 CFR 9260.10, means the geologic formation nearest the 
natural ground surface that is an aquifer, as well as lower aquifers that are 
hydraulically interconnected with this aquifer within the facilitiy's property 
boundary. Chapter one of the Technical Enforcement Guidance Document (TEGD) 
(US. EPA, 1986) elaborates on the uppermost aquifer definition. It states that the 
identification of the confining layer or lower boundary is an essential facet of the 
definition. There should be very limited interconnection, based on pumping tests, 
between the uppermost and lower aquifers. If tones of saturation capable of 

a 

yielding significant amounts of water are interconnected, they al l  comprise the 
uppermost aquifer. Identification of formations capable of "significant yield" must 
be made on a case-by-case basis. 

There are saturated zones, such as low permeability clay, that may not yield a 
significant amount of water, yet may act as pathways for contamination that can 

-___  - 
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migrate horizontally for some distance before reaching a zone which yields a 
significant amount of water. In other cases, there may be low yielding saturated 
zones above the aquifer which can provide a pathway for contaminated ground 
water to reach basements. If there is reason to believe that a potential exists for 
contamination to escape along such pathways, the owner or operator should 
monitor such zones. 

For further information on the uppermost aquifer definition, including 
examples illustrating the determination of hydraulic interconnection in various 
geologic settings, see Chapter One of the TEGD. 

Identification of recharqe and discharqe areas--Ground-water recharge can be 
defined as the entry into the saturated zone of water made available a t  the water 
table surface, together with the associated flow away from the water table within 
the saturated zone. Ground-water discharge can be defined as the removal of 
water from the saturated zone across the water table surface, together with the 
associated flow toward the water table within the saturated 'zone (Freeze and 
Cherry, 1979). Ground-water recharge and discharge areas also represent areas of 
potential inter-media transport. 

Recharge can be derived from the infiltration of precipitation, inter-aquifer 
leakage, inflow from streams or lakes, or inadvertently by leakage from lagoons, 
sewer lines, landfills, etc Discharge occufs where ground water flows to springs, 
streams, swamps, or: lakes, or is removed by evapotranspiration or pumping wells, 
etc. Information on the source and location of aquifer recharge and discharge areas 
may be obtained from state water resource publications, geologic surveys, or 
existing site information. Comparison of aquifer water levels with nearby surface 
water levels may also provide an indication of the source and location of aquifer 
recharge and discharge areas. 

Flow nets can also be used to determine areas of aquifer recharge and 
discharge. Section 10.5.2 describes the use of flow nets to determine ground-water 
flow patterns. 

Use of aquifer--The proximity and extent of local ground-water use (e.g., 
pumpind may dramatically influence the rate and direction of ground-water flow 

486 
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possibly causing seasonal or episodic variations. These factors should be considered 
when designing and implementing a ground-water monitoring system. 
Information on local aquifer use may be available from the USGS, and state and 
local water authorities. Aquifer use for drinking water or other purposes may also 
influence the  location of ground-water monitoring wells, as it may be appropriate 
tb monitor at locations pertinent to receptors. 

. 
0 

* 

Aauitard tvPe and location--Aquitard type refers to the type of geologic 
formation that serves to bound ground-water flow for a given aquifer. Such 
boundaries may be rock or may be an unconsolidated unit  such as clay, shale, or 
glacial till. The identification of such formations and their hydraulic characteristics 
is essential in determining ground-water flow paths. Aquitard locations can be 
determined by consulting geologic maps and boring log information. Although 
aquitards are substantially less permeable than aquifers, they  are not totally 
impermeable and can allow significant quantities of water to pass through them 
over time. The location of an aquitard should be used in determining monitoring 
well depths. 

10.3.4 Sources of Existing Information 

t 

A complete review of relevant existing information on the facility is an 
essential part of the release characterization. This review can provide valuable 
knowledge and a basis for developing monitoring procedures. Information that 
may be available and useful for the investigation includes both site-specific studies 
and regional surveys available from local, state, and Federal agencies. 

Information from the regulatory agency such as the RFA report should be 
thoroughly reviewed in developing monitoring procedures, and should serve as a 
primary information source. It  may also provide references to other sources of 
information. In addition, the facility's RCRA Permit Application may contain other 
relevant information. These reports and all of the facility's RC'RA compliance/permit 
files will provide an understanding of the current level of knowledge about the 
facility, and will assist in identifying data gaps to be filled during the investigation. 

. Public information is available from local, state, and Federal governments (see 
Section 7 )  concerning the topics discussed below. 

. _. - 
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10.3.4.1 Geology 

Knowledge of local bedrock types and depths is important to the investigation 
of a site. Sources of geologic information include United States Geological Survey 
(USGS) reports, maps, and files; State geological survey records; and local well 
drilling logs. See also Section 9 (Soils). 

10.3.4.2 Climate 

Climate is also an important factor affecting the potential for contaminant 
migration from a release source. Mean values for precipitation, evaporation, 
evapotranspiration, and estimated percolation will help determine the potential for 
onsite and offsite contaminant transport. The investigator should consult monthly 
or seasonal precipitation and evaporation (or temperature) records. Climate and 
weather information can be obtained from: L 

National Climatic Center 
Department of Commerce 
Federal Bu i Idi ng 
Asheville, North Carolina 28801 
Tel : (704)2 58-2850 

t 

10.3.4.3 Ground-Water Hydrology 

The owner or operator will need to acquire information on the ground-water 
hydrology of a site and its surrounding environment. Ground-water use in the area 
of the site should be thoroughly investigated to find the depths of local wells, and 
their pumping rates. Sources of such information include the USGS, state geological 
suweys, local well drillers, and State and local water resources boards. A l i s t  of all 
state and local cooperating offices is available from the USGS, Water Resources 
Division in Reston, Virginia, 22092. This list has also been distributed to €PA 
Regional Offices. Water quality data, including surface waters, is available through 
the USGS via their automated NAWDEX system. For further information, telephone 
(703)860-6031. 
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10.3.4.4 Aerial Photographs 

Aerial reconnaissance can be an effective and economical tool for gathering 
information on waste management facilities. For this application, aerial recon- 
naissance includes aerial photography and thermal infrared scanning. See 
Appendix A for a more detailed discussion of the usefulness of aerial photography 
in release characterization and availability of aerial photographs. 

10.3.4.5 Other Sources 

. Other sources of information for subsurface and release characterization 
include: 

0 
0 
0 
0 

0 
0 

0 
0 
0 

' 0  

US. EPA files (e.g., CERCLA-related reports); 
U.S. Geological Survey; 

U.S. Department of Agriculture Agricultural Stabilization and 
Conse rva t i o n Servi ce; 
U.S. Department of Interior -Bureau of Reclamation; 
State Environmental Protection or Public Health Agencies; 
State Geological Survey; 
Local Planning Boards; 
County or City Health Departments; 
Local Library; 

US. Department of Agriculture Soil Conservation Service; t 

0 . Local Well Drillers; and . 

Regional Geologic and Hydrologic Publications. 

10.4 Design of a Monitoring Program to Characterize Releases 
- 

Information on waste, unit and environmental characterization can be used to 
develop a conceptual model of the release, which can subsequently be used to 
design a monitoring program to fully characterize the release. The design of a 
monitoring program is discussed below. 
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10.4.1 

The 

Objectives of the Monitoring Program 

objective.of initial monitoring is to verify or to begin characterizing 
known or suspected contaminant releases to ground water. To help accomplish this 
objective, the owner or operator should evaluate any existing monitoring wells to 
determine if they are capable of providing samples representative of background 
and downgradient ground-water quality for the unit(s) of concern. Figure 10-18 
illustrates three possible cases where existing well systems are evaluated with 
regard to their horizontal location for use in a ground-water investigation. 
Adequacy is not only a function of well location but also well construction. 
Guidance on appropriate well construction materials and methods can be found in 
the TEGD (EPA, 1986). If the monitoring networkis found to be inadequate for all 
or some of the units of concern, additional monitoring wells should be installed. 
Further characterization, utilizing both direct and indirect investigative methods, of 
the site’s hydrogeology should be completed to identify appropriate locations for 
the new monitoring wells. t 

If initial monitoring verifies a suspected contaminant ielease, the owner or 
operator should extend the monitoring program to determine the vertical and 
horizontal concentratipns (i.e., 34imensions) of all hazardous constituents in the 
release. The rate of contaminant migration should also be determined. A variety of 
investigatory techniques are available for such monitoring programs. 

Monitoring procedures should include direct methods of obtaining ground- 
water quality information (e.g., sampling and analysis of- ground water from 
monitoring wells). Indirect methods of investigation may also be used when 
appropriate to aid in determining locations for monitoring wells (i.e., throug h 
geologic and/or geochemical interpretation of indirect data). For many cases, the 
use of both direct and indirect methods may be the most efficient approach. 

Elements to be addressed in the ground-water monitoring program include: 

0 Monitoring constituents and indicator parameters; 

.a Frequency and duration a t  which samples will be taken; 
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0 Sampling and analysis techniques to be used, including appropriate 
QNQC procedures; and 

0 Monitoring locations. 
I 

. 
[Note: Permit application regulations in 40 CFR §270.14(~)(2) require appli- 
cants to identify the uppermost aquifer and hydraulically interconnected 
aquifers beneath the facility property if the facility has any "regulated" units. 
The application must indicate ground-water flow directions and provide the 
basis for the aquifer identification (e.g.,a report written by a qualified 
hydrogeologist on the hydrogeologic characteristics of the facility property 
supported by a t  least the well drilling logs and available professional 
literature). However, some RCRA permit applications did not require 
hydrogeologic characterizations (e.g., storage only facilities) prior to the 
HSWA Amendments of 1984. Now, such characterizations may be required 
according to RCRA Section 3004(u) when SWMU releases to ground water are 
suspected or known. The RCRA Ground Water Monitorina Technical Enforce- 

. 

ment Guidance Document (TEGD) (US. EPA, 1986), and the Permit Applicant's 
Guidance Manual for Hazardous Waste Land Treatment, Storaae, and Disposal 
Facilities (U.S. €PA, 1984) should be consulted for further information on 
regulatory requirements.] 

10.4.2 Monitoring Constituents and Indicator Parameters 

Initial monitoring should be focused on rapid, effective release character- 
ization a t  the downgradient limit of the waste management area. Monitoring 
constituents should include waste-specific subsets of hazardous constituents from 

* 

40 CFR Part 261, Appendix Vlll (see Section 3 and the lists provided in Appendix B). 
Indicator parameters (e.g., TOX, specific conductance) may also be proposed as 
indicated in'Section 3. .Such indicators alone may not be sufficient to characterize a 
release of hazardous constituents, because the natural background variability of 
indicator constituents can be quite high. Furthermore, indicator concentrations do 
not precisely represent hazardous constituent concentrations, and the detection 
limits for indicator analyses are significantly higher than those for specific 
constituents. 
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In developing an initial l is t  of monitoring constituents and indicator para- 

meters, the following items should be considered: 

'The nature of the wastes managed a t  the facility should be reviewed to 
determine which constituents (and any chemical reaction products, if 
appropriate) are relatively mobile and persistent; 

The effects of the unsaturated zone (if present) beneath the facility on 
the mobility, stability and persistence of the waste constituents; and 

The concentrations and related variability of the proposed constituents 
in background ground water. 

In the absence of detailed waste characterization information, the owner or 
, operator should review the guidance presented in Section 3, which discusses the use 
of the monitoring constituent lists in Appendix B. As discussed in Section 3, the use 
of these lists .is contingent upon the level of detail provided by the waste 
characterization. 

. 
The owner or operator should consider monitoring for additional inorganic 

indicators that characterize the general quality of water at  the site (e.g., chloride, 
iron, manganese, sodium, sulfate, calcium, magnesium, potassium, nitrate, 
phosphate, silicate, ammonium, alkalinity and pH). Baseline data on such indicators 
can be used for subsequent monitoring phases and for selecting corrective measures 
(e.g., in assessing ground-water treatment alternatives). This is also discussed in 
Section 3 and Appendix B. Information on the major anions and cations that make 
up the bulk of dissolved solids in water can be used to determine reactivity and 
solubility of hazardous constituents and therefore predict their mobility under 
actual site conditions. 

10.4.3 Monitoring Schedule 

10.4.3.1 Monitoring Frequency 

Monitoring frequency should be based on various factors, including: 
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Ground-water flow rate and flow patterns; 

0 Adequacy of existing monitoring data; and 

Climatological characteristics (e.g., precipitation patterns). 

Generally, the greater the rate of ground-water flow, the greater the 
monitoring frequency needed. For example, monitoring frequency in an 
intergranular porosity flow aquifer of low permeability materials would likely be 
less than for a fracture or solution porosity flow aquifer with unpredictable and 
high flow rates. In the case of a fracture or solution porosity flow aquifer, it is 
possible that contaminants could migrate past the facility boundary in a matter of 
days, weeks, or months; thus requiring frequent monitoring. 

The adequacy of existing monitoring data can be a factor in determining the 
monitoring schedule. For example, a facility which has performed adequate 
monitoring under RCRA interim status requirements may have 'a good data base 
which can be helpful in evaluating initial monitoring results. A t  the other end of - the spectrum are facilities lacking hydrogeologic data and monitoring systems. 
Owners or operators of these facilities will need to design and install an adequate 
monitoring system for the units of concern. An accelerated monitoring program is 
recommended a t  such facilities. 

. 

- 

10.4.3.2 Duration of M.onitoring 

The duration of the initial monitoring phase will vary with facility-specific 
conditions (e.g., hydrogeoiogy, wastes present) and should be determined through 
consultation with the regulatory agency. The regulatory agency will evaluate initial 
monitoring results to determine how long monitoring should continue and to  
determine the need for adjustments in the monitoring schedule, the l i s t  of 
monitoring constituents, and other aspects of the monitoring effort. If the 
regulatory agency determines that a release to ground water has not occurred, the 
investigation process for that release can be terminated a t  i t s  discretion. If 
contamination is found during initial monitoring, further monitoring to fully 
characterize the release will generally be necessary. 
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10.4.4 Monitoring Locations 

If there is no existing monitoring system or if  the system is inadequate to 
effectively characterize ground-water contamination, the owner or operator should 
design and install a well system capable of intercepting the suspected contaminant 
plume(s). The system should also be used for obtaining relevant hydrogeologic 
data. The monitoring well network configuration should be based on the site's 
hydrogeology, the layout of the facility and the units of concern, the location of 
receptors, and should reflect a consideration of any information available on the 
nature and source of the release. It is important to recognize that the potential 
pathways of contaminant migration are three dimensional. Consequently, the 
design of a monitoring network which intercepts these potential pathways requires 
a three dimensional approach. 

In many cases, the initial monitoring system will need to be expanded for 
subsequent phases. Additional downgradient wells will often be needed to 
determine the extent of the contaminant plume. A greater number of background 
wells may also be needed to account for spatial variability in ground-water quality. 

. 
Prior to the installation of additional downgradient monitoring wells, a 

conceptual model of the release should be made from a review of waste and u n i t  
information and current and past site characterization information. Additional 
hydrogeologic investigations may also be appropriate. For example, piezometer 
readings surrounding the well(s) showing a release, should be used to determine 
the current  hydraulic gradient(s).. These values should be compared to  the 
potentiometric surface map developed for the site hydrogeologic characterization 
to better describe the direction(s) of release migration. Seasonal .(natural or 
induced) or regional fluctuations should be considered during this comparison. A 
re-evaluation of the-facility's subsurface geologic information should be performed 
to identify preferential path'ways of contaminant migration. In many situations, it 
may be appropriate to develop ground-water flow nets to show vertical and 
horizontal components of flow. Guidance on construction of flow nets is provided 
in Section 10.5.2 and in the Ground Water Flow NeVFlow Line Technical Resource 
Document, NTlS PB86-224979. (EPA, 1985). T h e  installation of additional 
piezometers may be necessary to verify the accuracy of the flow nets and assist in 
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determining whether or not the site hydrogeology has been adequately 
characterized. 

At facilities where it is known or likely that volatile organics have been 
released to the ground water, organic vapor analysis of soil gas from shallow bore 
holes may provide an initial indication of the areal extent of the release 
(Figure 10-19). An organic vapor analyzer (OVA) may be used to measure the 
volatile organic constituents in shallow hand-augered holes. Alternatively, a 
sample of soil gas may be extracted from a shallow hole and analyzed in the field 
using a portable gas chromatograph. These techniques are limited to situations 
where volatile organics are present. As discussed previously, it is recommended 
that, where possible, concurrent investigations of more than one contaminated 
media be conducted. Further, the presence of intervening, saturated, low 
permeability sediments strongly interferes with the ability to extract a gas sample. 
Although it is not necessarily a limitation, optimal gas chromatography results are 
obtained when the analyte is matched with the highest resolution technique, (e.g.,, 
electron capture for halogenated species). The effectiveness of this approach 
should be evaluated by initial OVA sampling in the vicinity of any wells known to be 
contaminated. . 

Other direct methods that may be used to define the extent of a release 
include sampling of seeps and springs. Seeps and springs occur where the local 
ground-water surface intersects the land surface resulting in ground-water 
discharge into a stream, lake, or other surface water body. Seeps and springs may 
be observed near manhes, a t  road cuts, or near streams. As discharges from seeps 
and springs reflect the height of the potentiometric surface, they are likely to be 
most abundant during a wet season. 

To minimize the installation of new wells, the use of applicable ,geophbsical 
and modeling methods may be proposed to describe geologic conditions and 
contaminant release geometrykharacteristia. Such methods can also aid in the 
placement of new monitoring wells. 

10-72 



e 

e 

e '  

/ 

.-. 
a 
v) 

W 
V 

a c 
Y 

.-. 
8 
Y 

s' 
Y) 
0 

C 
Y 

;rl 

Y 

Y 

n+- 

3 6 3  

a 
8 

0 .-. 
Y 

.d 

Y 

9 
b 
V 
Y 
a 

W 
C 
a 

U 

0 

C Y  

t 
z 
Y) 

Y 

: J  
3 r  

I 

n 
3 al 

rc 0 
C 
0 .- 
Y s 
0 
0 

10-73 . 

- - .. . . 



E X  
A variety of indirect geophysical methods are currently available to aid in 

characterizing geologic conditions and ground-water contamination. Geophysical 
methods do not provide detailed, constituent-specific data; however, they can be 
useful in investigating geologic conditions and in estimating the general areal 
extent of a release. This may reduce speculation involved in determining new well 
locations. Details on the use of geophysical methods are presented in Section 10.6 
and in Appendix C. 

Mathematical and/or computer modeling results may be used in conjunction 
with the results of geophysical investigations to assist in well placement decisions. 
The owner or operator should not, however, depend solely on such models to 
determine the placement of new monitoring wells. Because models may not 
accurately account for the high spatial and temporal variability of conditions 
encountered in the field, modeling results should be'limited to estimating the aerial 
extent of a release, and in determining placement of new monitoring wells. 

In order to estimate the potential extent.of a release in the direction o f '  
ground-water flow, Darcy's law should be applied, if appropriate, to determine the 
average linear ground-water velocity (see Section 10.5.3). This velocity should then 
be multiplied by the age of the unit of concern (assuming the unit began releasing 
immediately) to estimate the potential distance of contaminant migration. This 
distance should be used as a "yardstick" in determining well locations. More 
complex modeling (e.g., solute transport), may be proposed by the owner or 
operator to assist in locating additional monitoring wells. However, modeling 
results should not be used in lieu of field monitoring data. 

The International Ground Water Modeling Center supported largely by the 
U.S. Environmental Protection Agency, operates a clearing-house for ground-water 
modeling roftware,-organizes and conducts short courses and seminars, and carries 
out a research program supporting the Center's technology transfer and 
educational activities. Two major functions of the Center are the dissemination of 
information regarding ground-water models and the distribution of modeling 
software. The Center maintains computerized data bases, including updated 
computer codes and test files, and descriptions of a large number of ground-water 
models. By means of a search and retrieval procedure, this information is easily 
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accessible and readily available. The Center can be contacted a t  the following- 
address: 

. . .. . 

International Ground Water Modeling Center 
Holcomb Research Institute 
Butler University 
Indianapolis, Indiana 46208 
Telephone: (317)283-9458 

The Center will send, upon request and free of charge, a listing of available 
. publications, and a copy of its Newsletter. 

In selecting and applying models, it is important to remember that a model is 
an artificial representation of a physical system used to characterize a site. A model 
cannot replace field data, nor can it be more accurate than the available site data. 
In addition, the use of computer models requires special expertise. Time and 
experience are needed to select the appropriate code and subsequent calibration. If 
these resources are not available, modeling should not be attempted. Models are 
used in conjunction with scientific and engineering judgment; they are an aid to, . 

not a surrogate for, a skilled analyst. 

If a model is proposed in the monitoring procedures, the owner or operator 
should describe all assumptions used in applying the model to the site in question. A 
sensitivity analysis of the model should be run to determine which input parameters 
have the most influence on model results, and the model's results should be verified 
by field sampling. The owner or operator should clear the use of any and all models 
through the regulatory agency prior to use. Section 3 provides additional 
information on the use of models. 

10.4.4.1 Background and Downgradient Wells 

Background wells (preferably upgradient) may be installed to obtain samples 
that are not affected by the facility, if the owner or operator believes that other 
sources are contributing to the releases of concern. These wells should be screened 
a t  the same stratigraphic horizon(s) as the downgradient wells. Background wells, 

/-- 

499 
10-75 



if installed, should be sufficient in number  to account for any heterogeneity in 
background ground-water quality. 

Downgradient wells should be located and constructed to provide samples of 
ground water containing any releases of hazardous constituents from the units of 
concern. Determination of the appropriate number of wells to be included in an 
initial monitoringsystem should be based on various factors, including uni t  size and 
the complexity of t h e  hydrogeologic setting (e.g., degree of fracturing and 
variation in hydraulic conductivity). Downgradient monitoring wells should be 
located at the limit of the waste management area of the  units of concern and at 
other downgradient locations, as. appropriate. For example, 'old" releases may 
show higher constituent concentrations at locations downgradient of the unit. In 
such cases, flow nets may be useful in determining. additional downgradient well 
locations (See Section 10.5.2). 

10.4.4.2 Well Spacing t 

The horizontal spacing between wells should be a design consideration. Site 
specific factors as listed in Table 10-5 should be considered when determining the 
horizontal distances between initial monitoring system wells. These factors cover a 
variety of physical and operational aspects relating to t h e  facility including 
hydrogeologic setting, dispersivity, ground-water velocity, facility design, and 
waste characteristics. In the lea common homogeneous geologic setting where 
simple-flow patterns are identified, a more regular well spacing pattern may be 
appropriate. Further guidance on the consideration of site specific conditions to 
evaluate well spacing is described in Chapter Two of the TECD (U.S. EPA, 1986). 

Subsequent phase monitoring systems should be capable of identifying the 
full extent of the  tontaminant release and establishing the concentration of 
individual constituents throughout the release. Well installation and monitoring 
should concentrate on defining those areas that have been affected by the release. 
A well cluster network should be installed in and around the release to define the 
horizontal and vertical extent of contamination. Networks of monitoring wells will 
vary from site to site, depending upon hydrogeological complexity and 
contaminant characteristics. Surface geophysical techniques and modeling may also 

i " 2 ' ,  5-0-0- , 
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TABLE 10-5. FACTORS INFLUENCING THE INTERVALS BETWEEN INDIVIDUAL 
MONITORING WELLS WITHIN A POTENTIAL MIGRATION PATHWAY 

Wells Intervals May Be 
Closer If the Site: 

6 Manages or has managed liquid waste 

0 Is very small (i.e., the downgradient 
perimeter of the site is less than 150 
feet) 

materials 
0 Has waste incompatible with liner 

Has fill material near the waste 
management units (where preferential 
flow might occur) 

0 Has buried pipes, utility trenches, etc., 
where a point-source leak might occur 

Has complicated geology 
-closely spaced fractures 
-faults 
-tight folds 
-solution channels 
-discontinuous structures 

-variable hydraulic conductivity 
' -variable lithology 

Has heterogenous conditions 

D Is located in or near a' recharge zone 

Has a high (steep) or variable hydraulic 
gradient 

B Low dispersivity 
~~ ~~~ ~~~ ~ 

B High average linear velocity 

Wells Intervals May be 
Wider If the Site: 

Has simple geology ' 

-no fractures 
-nofaults . 
-no folds 
-no solution channels 
-continuous structures 

-uniform hydraulic conductivity 
-uniform lithology 

0 Has homogeneous conditions 

0 Has a low (flat) and constant hydraulic 

0 High dispenivity 

g rad ient 

~ ~ ~~ 

Low average linear velocity 
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be used, where appropriate, to help facilitate release definition. The well density or 
amount of sampling undertaken to completely identify the extent of migration 
should be determined by the variability in subsurface geology present a t  the site. 
Formations such as unconsolidated deposits with numerous interbedded lenses of 
varying permeability, or consolidated rock with numerous fracture traces, will 
generally require more extensive monitoring to ensure that contamination is 
appropriately characterized. 

Monitoring should be performed to characterize the interior portion(s) of a 
release. This is important because constituents can migrate a t  differing rates and 
may have been released a t  different times. Monitoring only a t  the periphery of the 
release may not identify all the constituents in the release, and the concentration of 
monitoring constituents measured a t  the periphery of the release may be 
significantly less than in the interior portion(s). Patterns in concentrations of 
individual constituents can be established throughout the release by sampling 
along several lines that perpendicularly transect the release. The number of 
transects and the spacing between sampling points should be based on the waste 
characteristics, the size of the release, and variability in geology observed a t  the 
site. Sampling locations should also be selected so as to identify those areas of 
maximum contamination within the release. In addition to the expected hazardous 
constituents, the release may contain degradation and reaction products, which 
may also be hazardous. 

. 

Results of-geophysical methods may be correlated with data from the 
monitoring well network. The monitoring program should be flexible so that 
adjustments can be made to reflect release migration and changes in direction. 

The spacing between initial downgradient monitoring wells should ensure the 
measurement of releases near the unit(s) of concern. However, it is possible that the 
initial spacings between wells will only provide for measurements in the'peripheral 
portion of a release. This might result in water quality measurements that do not 
reflect the maximum concentration of contaminants in the release. Therefore, 
additional downgradient wells may be needed adjacent to the units of concern 
during subsequent monitoring phases. 
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A similar effect may be observed, even with a closely spaced initial 
downgradient monitoring network, if a narrow, localized release migrates past the 
limit of the waste management area. Such a plume may originate from a small leak 
in a liner and/or from a leak located close to the downgradient limit of the waste 
management area, thereby limiting the amount of dispersion occurring in the 
release prior to its passing the monitoring wells. Consequently, if relatively wide 
spacing exists between wells or there is reason to expect a narrow, localized release, 
the installation of additional monitoring wells may be necessary in the immediate 
vicinity of those wells in which a release has been measured. Such an expansion of 
the monitoring network is recommended when a release has been measured in only 
one or two monitoring wells, indicating a localized plume. 

10.4.4.3 Depth and Screened Intervals 

The depth and screened intervals for initial phase monitoring wells should be 
based on: (1) geologic factors influencing the potential contaminant pathways of 
migration to ground water; (2) physicakhemical characteristics of the contaminant 
controlling its likely movement and distribution in the ground water; and (3) 
hydrologic factors likely to have an impact on contaminant movement. The 
consideration of these factors in evaluating the design of monitoring systems is 
described in the TEGD (US. EPA, 1986), including examples of placement in some 
common geologic environments. Subsection 10.6 provides guidance on borings and 
monitoring well construction. 

In order to establish vert ical concentration gradients of hazardous 
constituents in the release during subsequent monitoring phases, well clusters or 
multidepth monitoring wells should be installed. The first well in a cluster (or 
initial sampling interval in a multidepth well) should be screened a t  the horizon in 
which contamination was initially discovered. Additional wells in a cluster should 
be screened, where appropriate, above and below the initial well's sampling 
interval until the margins of the release are established. 

Several wells should be placed a t  the fringes of the release to define its vertical 
margins, and several wells should be placed within the release to identify 
constituents and concentrations. Care must be taken in placing contiguously 
screened wells close together because one well's drawdown may influence the next 

~. 
. _ - -  
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and thus change the horizon from which its samples are drawn. Alternating lower 
and higher screens should reduce this effect (see Figure 10-20). 

The specifications of sampling depths should clearly identify the interval over 
which each sample will be taken. It is important that these sampling intervals be 
sufficiently discrete to allow vertical profiling of constituent concentrations in 
ground water a t  each sampling location. Sampling will only provide measurements 
of the average contaminant.concentration over the interval from which that sample 
is taken. Samples taken from wells screened over a large vertical interval may be 
subject to dilution effects from uncontaminated ground water lying outside the 
plume limits. The proposed screened interval should reflect the expected vertical 
concentration gradients within the release. 

A t  those facilities where immiscible contaminants have been released and 
have migrated as a separate phase (see Figure 10-21), specific techniques will be 
necessary to evaluate their migration. The detection and sampling of immiscible 
layers requires specialized equipment that must be used before the well is  
evacuated for conventional sampling. Chapter 4 of the TEGD (US. EPA, 1986) 
contains a discussion of ground-water monitoring techniques that can be used to 
sample multi-phased contamination. These sampling techniques vary according to 
whether the immiscible phase is lighter than water (Le., floats) or denser than water 
(i.e., sinks), and is also dependent on the thickness of the layer. 

The formation of separate phases of immiscible contaminants in the 
subsurface is largely controlled by the rate of infiltration of the immiscible 
contaminant and the solubility of that contaminant in ground water. Immiscible 
contaminants generally have limited solubility in water. Thus, some amount of the 
immiscible contaminant released from a unit(,) will dissolve in the ground water 
and thus migrate in solution. However, if the amount of immiscible contaminant 
reaching ground water exceeds the ability of ground water to dissolve it (i.e., the 
constituent water solubility), the ground water in the upper portion of the water 
table aquifer will become saturated and the contaminant will form a separate 
immiscible phase. Hence, the contaminant will be present in the ground water a t  a 
concentration approaching its water solubility, as well as in a separate immiscible 
phase. If cosolvents are present, the concentration of the contaminant in the 
ground water can exceed the contaminant's water solubility, whether or not a 
separate immiscible phase is present. 

b .  , I 
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A t  this point, the behavior and migration of an immiscible contaminant will be 
strongly influenced by its density relative to ground water. If the immiscible is less 
dense than ground water, it will tend to form a separate immiscible layer and 
migrate on top of the ground water. If the density of the immiscible contaminant is 
similar to that of ground water, it will tend to mix and flow as a separate phase with 
the ground water, creating a condition of multiphase flow. 

If the density of the immiscible constituent is greater than ground water, it will 
tend to sink in the aquifer (see Figure 10-21). As the immiscible layer sinks and 
reaches unaffected ground water in a deeper portion of the aquifer, more of the 
immiscible contaminant will tend to enter into solution in ground water and begin 
to migrate as a dissolved constituent. However, if enough of the dense immiscible 
contaminants are present, some portion of these contaminants will continue to sink 
as a separate immiscible phase until a geologic formation of reduced permeability is 
reached. A t  this point, these dense contaminants will tend to form a layer that 
migrates along the geologic formation (boundary). 

Immiscible phase contaminants may migrate a t  rates different than that of 
ground water. In addition, immiscible contaminants may not flow in the same 
direction as ground water. However, it is important to re-emphasize that some 
fraction of these contaminants may dissolve in ground water and migrate away 
from the facility asdissolved constituents. 

Light immiscible contaminants tend to migrate downgradient as a floating 
layer above the saturated zone (see Figure 10-21). The hydraulic gradient is a major 
factor in the movement of this light immiscible layer. Other important factors 
involved in the migration rate of a light immiscible phase include the intrinsic 
permeability of the medium, and the density and viscosity of the contaminants. 
Oftentimes, an ellipsoidal plume will develop over the saturated zone as depicted in 
Figure 10-21. While it may be possible to analyze the behavior of a light immiscible 
layer using analytical or numerical models, the most practical approach for 
determining the rate and direction of migration of such a layer is to observe its 
behavior over time with appropriately located monitoring wells. 

. .: . .  . . 1. . .  . . .  . .  
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The migration of a layer of dense immiscibles resting on a low permeability 
geologic formation may be strongly influenced by gravity. Depending on the slope 
of the retarding formation, the immiscible layer may move with or in a different 
direction from the flow of the ground water. Consequently, the evaluation of the 
rate and direction of migration of a dense immiscible layer should include a 
determination of the configuration of the retarding formation on which the 
immiscible layer is migrating. The direction of migration and estimates of migration 
rates of dense immiscibles can then be obtained by including the gravitational 
forces induced by the slope of the retarding formation in the gradients used to 
calculate contaminant flow rates. If a dense immiscible layer(s) is expected or 
known, the monitoring plan should include procedures to verify its direction and 
rate of flow. 

J 

10.5 Data Presentation 

Section 5 of this guidance describes data presentation methods with examples. 
In addition to sorted data tables,.the methods described for contaminant isopleth 
.maps, geologic cross-sections, cross-sectional concentration contours, and fence 
diagrams should be useful for presenting ground-water investigation findings. The 
following presents specific data presentation methods that may be particularly 
useful for presenting ground-water investigation data. 

10.5.1 Waste and Unit Characterization 

Waste and unit characteristics should be presented as: 

0 Table of waste constituents and concentrations; 

o- Tables of relevant physical and chemical properties of waste and 
constituents; 

0 Narrative description of unit dimensions, operations etc.; and 

0 Topographical map and plan drawings of facility and surrounding areas. 
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10.5.2 Environmental Setting Characterization 

Environmental characteristics should be presented as follows: 

0 Tabular summaries of annual and monthly or seasonal relevant climatic 
information (e.g., temperature, precipitation); 

0 Narratives and maps of soil and relevant hydrogeological characteristics 
such as porosity, organic matter content and depth to ground water; 

0 Maps showing location of natural or man-made engineering barriers and 
likely migration routes; and 

Maps of geologic material a t  the site identifying the thickness, depth, 
and textures of soils, and the presence of saturated regions and other 
hydrogeological features. 

0 

Flow nets should be particularly useful for presenting environmental setting 
information for the ground-water medium. A flow net provides a graphical 
technique for obtaini.ng +solutions to steady state ground-water flow. A properly 
constructed flow net can be used to determine the distribution of heads, discharges, 
areas of high (or low) velocities, and the general flow pattern (McWhorter and 
Sunada, 1977). 

a 

The Ground Water Flow NeVFlow Line Technical Resource Document (TRD), 
NTlS P886-224979. (U. 5. €PA, 1985), provides detailed discussion and guidance in 
the construction of flow nets. Although the focus of this document is on the 
construction of vertical flow nets, the same data requirements and theoretical 
assumptions apply to horizontal flow nets. The fundamental difference between 
vertical and horizontal flow nets is in their application. A flow net in the horizontal 
plane may be used to identify suitable locations for monitoring wells whereas a 
flow net in the vertical plane would aid in determining the screened interval of a 
well. 

.I :j 509 ' , 
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The following excerpts from the Flow Net Document (US. EPA, 1985) explain 
data needs for flow.net construction. Several assumptions must be made to 
construct a flow net: 

Ground-water flow is steady state, which means flow is constant with 
time; 

The aquifer is completely saturated; 

No consolidation or expansion of the soil or water occurs; 

The same amount of recharge occurs across the system; and 

Flow is laminar and Darcy's law is valid. 

Knowledge of the hydrologic parameters of the ground-water system is 
required to properly construct a flow net. These parameters include! 

0 Head distribution, both horizontally and vertically; 

0 . Hydraulic conductivity of the saturated zone; 

0 Saturated zone thickness; and 

0 Boundary conditions. 

The distribution of head can be determined using time equivalent water level 
measurements obtained from piezometers and/or wells. Plotting the water level 
elevations on a base map and contouring these data will provide a potentiometric 
surface. Contour lines representing equal head are called lines of equipotential. 
Changes in hydraulic head, both horizontally and vertically within an aquifer, must 
be known for proper flow-net'construction. These changes can be delineated with 
piezometers or monitoring wells installed a t  varying depths and spatially 
distributed.' The data must be time equivalent because water levels change over 
time. Ground-water flow directions can be determined by drawing lines 
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perpendicular to the equipotential lines. Ground water flows from areas of higher 
hydraulic head to areas of lower hydraulic head. 

The hydraulic conductivity of a material depends on the properties of the fluid 
and the media. Clayey materials generally have low hydraulic conductivities, 
whereas sands and gravels have high conductivities (US. EPA, 1985). Where flow 
crosses a boundary between different homogeneous media the ground-water 
flowlines refract and flow velocity changes due to an abrupt change in hydraulic 
conductivity. The higher permeability formation senes as a conduit to ground- 
water flow. This is visually apparent in a properly constructed flow net, because 
flow tubes are narrower in layers with higher conductivity because less area is  
necessary to conduct the same volume of ground water. In media of lower 
conductivity, flow tubes will be wider in order to conduct the same volume of flow 
(Cedergren, 1977). Construction of flow nets for layered geologic settings 
(heterogeneous, isotropic systems) are discussed in Section 2 of the flow net 
document (US. EPA, 1985). 

The boundary conditions of an aquifer must also be known to properly 
construct a flow net. These boundary conditions will establish the boundaries of the 
flow net. The three types of boundaries are: 1) impermeable boundaries; 
2) constant head boundaries; and 3) water table boundaries (Freeze and Cherry, 
1979). Ground water will not flow across an impermeable boundary; it flows 
parallel to these boundaries. A. boundary where the hydraulic head is constant is 
termed a constant head boundary. Ground-water flow a t  a constant head 
boundary is perpendicular to the boundary. Examples of constant head boundaries 
are lakes, streams, and ponds. The water table boundary is the upper boundary of 
an unconfined aquifer, and is a line of known and variable head. Flow can be a t  any 
angle in relation to the water table due to recharge and the regional ground-water 
gradient. The boundary conditions of an aquifer can be determined after a review 
of the geohydrologic data for a site (U.S. EPA, 1985). 

Although a complete understanding of the mathematics of ground-water 
flow is not necessary for proper flow-net construction by graphical methods, a 
general understanding of the theory of ground-water flow is required. For a brief 
discussion of ground-water flow theory as applied to flow nets, refer to Section 1 of 
the flow net document (U.S. EPA, 1985). Detailed guidance on graphical 
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construction of flow nets is given in Section 2 of that document. Mathematical 
techniques can be used to construct flow nets although graphical techniques are the 
simplest and most commonly used. It is  worth noting that flow nets are 
dimension less. 

. When a flow net has been constructed for a site, it is advisable to test the 
adequacy of the flow net by installing additional piezometers a t  selected locations. 
If the site hydrogeology is adequately characterized by the flow net, the head 
values in the new piezometer(s) will not vary significantly from those predicted by 
the flow net. 

The number of new piezometers needed to check the adequacy of the flow 
net would vary depending on a number of factors including size of the site, 
complexity of the site hydrogeology, amount of data used to construct the flow net, 
and the level of agreement between the site specific flow net and the regional flow 
regime. For example, a t  a site with predominantly horizontal flow and well defined 
stratigraphy, such as itlustrated in Figure 10-22, a single new piezometer could test 
the flow net. For a site with multiple, interconnected aquifers and a significant 
vertical component of flow, such as illustrated in Figure 10-23, several nested 
piezometers might be necessary to test the flow net. . . 

In evaluating flow nets and the results of flow net tests, several factors should 
be kept in mind. The head measurements in a new piezometer may not exactly 
match the values predicted by the flow net. Some variation is inherent in this type 
of measurement. The owner or operator should evaluate whether or not the 
difference between measured and predicted values is significant in the context of 
flow direction or flow velocity. A new value which reverses the direction of flow or 
redirects flow towards potential receptors would obviously be significant. A change 
in flow velocity as indicated by a revised gradient might be significant if the 
magnitude of the change is substantial or if an increased velocity suggests that the 
characterization needs to be extended to a greater distance. 

There are several situations in which extreme caution is needed in evaluating a 
flow net test. In many cases, temporal variations will alter the potentiometric 
surface between the time the flow net is constructed and a test piezometer is 
installed. _.  . Examples of this situation would include locations with large seasonal installed. Examples of this situation would include locations with large seasonal -. 
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355 
variations in ground-water levels. Another situation that would introduce problems 
in interpretation would be a site that is adjacent to tidally influenced surface 
waters. 

. .  
. .  

Construction of flow nets is not appropriate or valid in certain instances. As 
discussed in the flow net document (US. €PA, 198S), these situations occur when 
there is a lack of threedimensional hydrologic data for a ground-water system, and 
when ground- water flow in a system does not conform to the principles expressed 
by and assumptions made in Darcy's law. Scaling problems occur when the aquifer 
and/or geologic layers associated with a particular ground-water system are thin in 
relation to the length of the flow net. If a flow net is constructed for this situation, 
the flow net will be made up of squares that are too small to work with unless the 
scale is exaggerated. For sites where the assumption of steady-state flow is not 
valid, the construction of flow nets is very difficult. The flow net must be redrawn 
each time the flow field changes to simulate the transient conditions. 

Lack of threedimensional hydrologic data or hydrologically equivalent data 
. for a ground-water flow system makes proper flow-net construction impossible. 

Hydrologic testing at  various depths within an aquifer and determination of the 
vertical hydraulfc conductivity of an aquifer are essential to provide the necessary 
data. If these data are not available it will be necessary to obtain them before a 
flow net can be constructed. 

a 

There are three types of ground-water systems in which the principles 
expressed by Darcy's law do not apply. The first is a system in which the flow is 
through materials with low hydraulic conductivities under extremely low gradients 
(Freeze and Cherry, 1979). The second is a system in which a large amount of flow 
passes through materials with very high hydraulic conductivities. The third is a 
system in which the porous media assumption is not valid. Darcy's law expresses 
linear relationships and requires that flow be laminar (flow in which stream lines 
remain distinct from one another). 'In a system with high hydraulic conductivity, 
flow is often turbulent. Turbulent flow is characteristic of 'karstic limestone and 
dolomite, cavernous volcanics, and fractured rock systems. Construction of flow 
nets for areas of turbulent flow would not be valid. The use of Darcy's law also 
requires the assumption of porous media flow. This assumption may not be valid 
for manv fractured bedrock and karst environments where fractured flow is 
dominant or large solution features are present. > ,  

. ,----- 
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10.5.3 Characterization of the Release 

The objective of monitoring is to estimate the nature, rate, and extent (3- 
dimensional) of the release. Data are, therefore, collected from a set of monitoring 
wells that will allow characterization of the dimensions and concentrations of 
constituents in the plume, as well as the rate of flow. 

Subsequent monitoring phases may include the measurement of additional 
constituents in a more extensive well net&ork than initial monitoring. This will 
necessitate careful data management. Sections 6.8 and 6.9 of the TEGD (US. €PA, 
1986) provide useful guidance on organizing, evaluating, and presenting 
monitoring data: Section 4.7 of the TEGO addresses evaluation of the quality of 
ground-water data. Specific data presentation and 'evaluation procedures are 
presented below. 

Migration rates can be determined by using the concentration of monitoring 
constituents over a period of time in wells aligned in the direction of flow. If these 
wells are located both at  the edge of the release and in the interior of the release, 
subsequent analysis of the monitoring data can then provide an estimate of the rate 
of migration both of the contaminant front as a whole and of individual 
constituents within the release. This approach does not necessarily provide a 
reliable determination of the migration rates that will occur as the contaminant 
release moves further away from the facility, due to  potential changes in 
geohydrologic conditions or degradation of the contaminants. More importantly, 
this approach requires the collection of a time series of data of sufficient duration 
and frequency to gauge the movement of contaminants. Such a delay is normally 
inappropriate during initial characterization of ground-water contamination 
because a relatively quick determination of a t  least an estimate of migration rates is 
needed to deduce the impact of ground-water contamination and to formulate an 
appropriate reaction. 

. 

Rapid estimates of migration rates should be made from aquifer properties 
obtained during the hydrogeologic investigation. The average linear velocity (v) of 
the ground water should be calculated using the following form of Darcy's law: 

-Ki 
v =  - 
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where (K) is hydraulic conductivity, (i) is hydraulic gradient, and (ne) is the effective 
porosity. This assumes that contaminants flow a t  the same rate as ground water. 
This equation can be used to roughly estimate the rate of migration, both of the 
contaminant front as a whole, and of individual dissolved constituents within the 
release. 

Rough estimates of migration rates beyond the facility property boundary can 
be made based on aquifer properties obtained during the site hydrogeologic 
characterization and knowledge of the physical and chemical properties of 
contaminants known to be present. By recognizing the various factors which can 
affect the transport of monitoring constituents, the owner or operator can 
determine approximate migration rates. Continued monitoring of the release over 
time should be conducted to verify the rate(s) of migration. Information on rate(s) 
of migration should be used in determining any additional monitoring well 
I ocati ons. 

More refined estimates of contaminant migration rates should consider 
potential differential transport rates'among various monitoring constituents. 
Differential transport rates are caused by several factors, including: 

0 Dispersion due to diffusion and mechanical mixing; 

0 Retardation due to adsorption and electrostatic interactions; and 

0 Transformation due to physical, chemical, and/or biological processes. 

Dispersion results in the overall dilution of the contaminant; however, 
.. chromatographic separation of 'the contaminant constituents and differential 

dispersion effects can result in a contaminant-arriving a t  a particular location before 
the arrival time computed solely on the average linear velocity of ground-water 
flow. Alternately, retardation processes can delay the arrival of contaminants 
beyond that calculated using average ground-water flow rate(s). Transformation of 
waste constituents is a complex process which can be difficult to estimate. While 
some contaminants, such as radionuclides, decay a t  a constant rate over time, most 
degradable chemicals are influenced by a variety of factors and the interactions of 

-517. j. 
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these factors can be extremely difficult to predict. Local geologic variations will also 
affect constituent migration rates. Relating constituent migration rates to ground- 
water flow rates is a reasonable and relatively quick way to estimate contaminant 
flow rates. Where possible, contaminant- specific migration rates should also be 
determined . 

Procedures for the evaluation of monitoring data vary in a site-specific 
manner, but should all result in determinations of the rate of migration, extent, and 
composition of hazardous constituents of the release. Where the release is obvious 
and/or chemically simple, it may be possible to  characterize it readily from a 
descriptive presentation of concentrations found in monitoring wells and through 
geophysical measurements. Where contamination is less obvious or the release is 
chemically complex, however, the owner or operator may employ a statistical 
inference approach. The owner or operator should plan initially to take a 
descriptive approach to data analysis in order to broadly delineate the extent of 
contamination. Statistical comparisons of monitoring data among wells and/or over 
time may be necessary, should the descriptive approach provide no clear 
determination of the rate of migration, extent, and hazardous constituent 
composition of the release. . 

10.6 Field Methods 

10.6.1 Geophysical techniques 

During the past decade, extensive development of remote sensing geophysical 
equipment, portable field instrumentation, field methods, analytical techniques 
and related computer processing have resulted in an improvement in the capability 
to characterize hydrogeology and contaminant releases. Some of these geophysical 
methods offer a means of detecting contaminant plumes and flow directions in 
both the saturated and unsaturated zones. Others o#er a way to obtain detailed 
information about subsurface soil and rock characteristics. This capability to rapidly 
analyze subsurface conditions without disturbing the site may provide a better 
overall understanding of complex site conditions, with relatively low risk to the 
investigative team. 

518 , 
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Various geophysical techniques, including electromagnetic, seismic refraction, 

electrical resistivity, ground penetrating radar, magnetic, and several borehole 
methods, can be applicable to RCRA Facility Investigations. Table 10-6 suggests 
appropriate applications for the various geophysical methods. Appendix C provides 
additional information. 

10.6.2 - Soil Boring and Monitoring Well Installation 

10.6.2.1 Soil Borings 

Soil borings should be sufficient to characterize the subsurface geology below 
the site. Section 1.2 of TEGD (US. €PA, 1986) provides criteria for adequate borings. 
A summary of these criteria is presented below. 

0 Installation of initial boreholes a t  a density based on criteria described in 
Table 10-7 and sufficient to provide initial information upon which to 
determine the scope of a more detailed evaluation of geology and 
potential pathways of contaminant migration. 

.. . - 
0 Initial boreholes should be drilled into the first confining layer beneath 

the uppermost aquifer. The portion of the borehole extending into the 
confining layer should be plugged properly after a sample is taken. 

0 Additional boreholes should be installed in numbers and locations 
sufficient to characterize the geology beneath the site. The number and 
locations of additional boreholes should be based on data from initial 
borings and indirect investigation. 

0 Collection of samples of.. every significant stratigraphic contact and 
formation, especially the confining layer should be taken. Continuous 
cores should be taken initially to ascertain the presence and distribution 
of small and large scale permeable layers. Once stratigraphic control is 
established, samples taken a t  regular intervals (e.g., five foot) could be 
substituted for continuous cores. 
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TABLE 10-7. FACTORS INFLUENCING DENSITY OF INITIAL BOREHOLES 

~ 

Factors That May Substantiate 
Reduced Density of Boreholes: 

0 Simple geology (i.e., horizontal, thick, 
. homogeneous geologic strata that are 
continuous across site that are 
unfractured and are substantiated by 
regional geologic information). 

well log data. 
0 Use of geophysical data to correlate 

Factors That May Substantiate 
Increased Density of Boreholes: 

0 Fracture zones encountered during 
drilling. 

Suspected pinchout zones (e.g.,. 
discontinuous areas across the site). 

0 Geolo ic formations that are tilted or 

0 Suspected zones of hi h permeability 

foldeci! 

that would not be de ? ined by drilling 
a t  300-foot intervals. 

0 Laterally transitional geologic units 
with irregular permeability (e.g., 
sedimentary facies changes). 

a 

. 
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0 Boreholes in which permanent wells are not constructed should be 
sealed with materials a t  least an order of magnitude less permeable than 
the surrounding soil/sediment/rock in order to reduce the number of 
potential contaminant pathways. 

0 Samples should be logged in the field by a qualified professional 
geologist. 

Sufficient laboratory analysis should be performed to  provide 
information concern i ng petrologic variation, so rti ng (for u nconso I idated 
sedimentary units), cementation (for coirsolidated sedimentary units), 
moisture content, and hydraulic conductivity of each significant geologic 
unit or soil zone above the confining Iayerhnit. 

0 Sufficient laboratory analysis should be performed to describe the 
mineralogy (X-ray diffraction), degree of compaction, moisture content, 
and other pertinent characteristics of any 'clays or other fine- grained 
sediments held to be the confining unit/layer. Coupled with the 
examination of clay mineralogy and structural characteristics should be a 
preliminary analysis of the reactivity of the confining layer in the 
presence of the wastes present. - 

(I 

ASTM or equivalent methods should be used for soil classification, specifically: 

0 ASTM Method 0422-63 for the particle size analysis-of soils, which 
describes the quantitative determination of the distribution of particle 
sizes in soils; and 

0 ASTM Methods 02488-69, for the identification and description of soils 
based on visual examination and simple manual tests. 

An adequate number of geologic cross-sections should be presented by the 
owner or operator. These cross-sections should adequately depict major geologic or 
structural trends and reflect geologidstructural features in relation to ground- 
water-flaw. Additionally, an owner or operator should provide a surface topo- 
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graphic map and aerial photograph of the site. Details regarding specific means for 
the presentation of geologic data are presented in Section S and in Section 1.2.3 of 
the TEGD (US. EPA, 1986). 

10.6.2.2 Monitoring Well Installation 

The owner or operator is advised to consult Chapter Three of the TEGD (US. 
EPA, 1986) for guidance on monitoring well installation. This chapter provides 
information on the following topics: 

0 Drilling Methods for Installing Wells--Section 3.1 (TEGD) discusses a 
variety of well drilling methods and corresponding applicability to the 
installation of RCRA monitoring wells. The selection of the actual drilling 
method that an owner or operator should use at a particular site is a 
function of site-specific geologic conditions. Of utmost importance is 
that the drilling method the owner or operator uses will minimize the 
disturbance of subsurface materials and will not cause contamination of 
the ground water. 

. 

- 

Monitoring Well Construction Materials--Section 3.2 (TEGD) discusses the 
selection of construction materials for RCRA monitoring wells which are 
durable enough to resist chemical and physical degradation, and do not 
interfere with the quality of ground-water samples. Specific well 
components that are of concern include well casings, well screens, filter 
packs, and annular seals. 

Design of Well Intakes-Section 3.3 (TECD) discusses the design and 
construction of t h e  intake of monitoring wells so as to: (1) allow 
sufficient ground-water flow. to the well for sampling; (2) minimize the . 
passage of formation materials (turbidity) into the well; and (3) ensure 
sufficient structural integrity to prevent the collapse of the intake 
structure. 

Development of Wells-Section 3.4 (TECD) discusses the requirements for 
proper development of the monitoring wells to ensure turbid-free 
ground water samples. 
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0 Documentation of Well Construction Activity--Section 3.5 (TECO) lists the 
information required for the design and construction of wells as follows: 

- datehime of construction; 
- drilling method and drilling fluid used; 
- well location (2 0.5 ft); 
- borehole diameter and well casing diameter; 
- well depth (2 0.1 ft); 
- drilling and lithologic logs; 
- casing materials; 
- screen materials and design; 
- casing and screen joint type; 
- screen slot sirellength; 
- filter pack material/size; 
- filter pack volume calculations; 
- filter pack placement method; 
- sealant materials (percent bentonite); 
- * sealant volume (Ibdgallon of cement); 
- sealant placement method; 
- surface seal designkonstruction; 
- well development procedure; - 
- type of protective well cap; 
- ground surface elevation (2 0.0 1 ft); 
- top of casing elevation (2 0.01 ft); and 
- detailed drawing of well (including dimensions). 

0 Specialized Well Design-Section 3.6 (TECD) discusses two cases which 
require special monitoring well design: (1) where dedicated pumps are 
used to draw ground-water samples; and (2) where light and/or dense 
phase immiscible layers are present. 

Evaluation of Existing Wells--Section 3.7 (TECD) discusses how to  
~ evaluate the ability of existing wells to produce representative ground- 
water samples. 
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Particular attention should be paid to the discussion in Section 3.2.1 regarding 

well casing materials (TEGD). It is imperative that well materials are nonreactive to 
contaminants that may be present in the ground water. In cases where the facility 
has existing monitoring wells which could potentially be used in the RFI, the owner 
or operator should evaluate whether these wells are capable of producing 
representative g rou nd-water samples. A demonstration i nvolvi ng the i nstal lat i o n 
of new well(s) near existing wells and the analysis and comparison of samples for 
the same monitoring constituents from both wells may be necessary if the existing 
wells' integrity is in question. 

10.6.3 Aquifer Characterization 

10.6.3.1 Hydraulic Conductivity Tests 

In addition to defining the direction of ground-water flow in the vertical and 
horizontal direction, the owner or operator should identify areas of high and low 
hydraulic conductivity within each formation. Variations in. the hydraulic 
conductivity of subsurface materials can create irregularities in ground-water flow . 
paths. Areas of high hydraulic conductivity represent areas of greater ground- 
water flow and, if contaminants are present, zones of potential migration. 
Therefore, information on hydraulic conductivities is generally required before the 
owner or operator can make reasoned decisions regarding well placements. It may 
be beneficial to use analogy or laboratory methods to corroborate results of field 
tests; however, only field methods provide direct information that is adequate to 
define the hydraulic conductivity. 

' 

Hydraulic conductivity can be determined in the field using single well tests, 
more commonly referred to as slug tests, which are performed b y  suddenly adding 
or removing a slug (known volume) of water from a well or piezometer and 

. observing the recovery of the water surface to its original level. Similar results can 
be achieved by pressurizing the well casing, depressing the water level, and 
suddenly releasing the pressure to simulate removal of water from the well. Where 
slug tests are not appropriate (e.g., in fractured flow aquifers), hydraulic 
conductivity can be determined by multiple well (pumping) tests. 
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slug testing is applied by hydrogeologists in many field situations. 
Interpretation of the results requires some professional judgement. Slug test 
accuracy is reduced when dealing with extreme values of hydraulic conductivity. 
Very low values (e.g., less than 10-6 cm/sec) are more accurately measured by a 
resurg head test after bailing or pumping t h e  well dry. High values (e.g., greater 
than 10-2 cm/sec) generally require fast response electronic measurement  
equipment. High value cases in fractured rock or karst terrain may be misleading if 
the slug test is measuring the  most permeable fractures or solution channels. In 
such cases, the test results may be misinterpreted to give an artificially high value 
for the formation as a whole. 

' 

When reviewing information obtained from slug tests, several criteria should 
be considered. First, slug tests are run on one well and, as such, the  information 
obtained from single well tests is limited in scope to the geologic area directly 
adjacent to the well. Second, the vertical extent of screening will control the part of 
the geologic formation that is being tested during the slug test. That part of t h e  
column above or below the screened interval that has not been tested during the 
slug test will not have been adequately tested for hydraulic conductivity. Third, the 
methods used to collect t h e  information obtained f rom slug tests should be 
adequate to measure accurately parameters such as changing static water (prior to 
initiation, during, and following completion of slug test), the amount of water 
added to, or removed from the well, and the elapsed time of recovery. This is 
especially important in highly permeable formations where pressure transducers 
and high speed recording equipment should be used. Lastly, interpretation of the 
slug test data should be consistent with the  existing geologic information (e.g., 
boring log data). It is, therefore, important that the program of slug testing ensure 
that enough tests are run to provide representative measures of hydraulic 
conductivity, and to document lateral and vertical variation of hydraulic 
conductivity in the geologic materials below the site. 

. 
It is important that hydraulic conductivity measurements define hydraulic 

conductivity both in a vertical and horizontal manner across a site. In assessing 
hydraulic conductivity measurements, results from the boring program used to  
characterize the site geology should be considered. Zones of expected high 
permeability or fractures identified from drilling logs should generally be included 
in the determination of hydraulic conductivity. Additionally, information from 
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coring logs can be used to refine the data generated by slug tests (TECD, Section 
1.3.3). 

Techniques for determining hydraulic conductivity are specified in Method 
9100, Saturated Hydraulic Conductivity, Saturated Leachate Conductivity, and 
Intrinsic Permeability; from 5\1\1446, Test Methods for Evaluatinq Solid Waste, 3rd 
edition, 1986. Method 9100 includes techniques for: 

0 Laboratory 

- sample collection; 
- constant head methods; and 
- falling head methods. 

J 

0 Field 

- . wellconstruction; 
- well development; 
- 
- 

single well tests (slug tests); and 
references for multiple well (pumping) tests. 

Cedergren, 1977 also provides an excellent discussion on aquifer tests, 
including laboratory methods (constant head and falling head), multiple well 
(pumping) tests (steady-state and nonsteady-state), and single well tests (open-end, 
packer, and others). ' 

10.6.3.2 Water Level Measurements 

. .  
Water level measurements are~necessary for determining depth to the water 

table and mapping ground-water contours to determine hydraulic gradients and 
flow rates. Depths to water are normally measured with respect to the top of the 
casing as in well depth determinations. Several methods are available, including 
the electric sounder and the chalked steel tape. 

. 

The electric sounder, although not the most accurate method, i s  
recommended for initial site work because of the minimal potential for &&gment 
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contamination and simplicity of use. Sounders usually consist of a conductivity cell 
a t  the end of a graduated wire, and a battery powered buzzer. When the cell 
contacts the water the increased conductivity completes the circuit and allows 
current to flow to the alarm buzzer. The depth to water can then be read from the 
graduations on the wire or the wire can be measured directly. This device may not 
be suitable for use if a potentially flammable or explosive layer (e.g., due to  
methane gas) is present in the well, unless it is an intrinsically safe device. 

The chalked steel tape is a more accurate device for measuring static water 
levels. The lower 0.5 to 1 .O meters of a steel measuring tape is coated on either side 
with either carpenter's chalk or any of the various indicating pastes. A weight is 
attached to the lower end to keep the tape taut and it is lowered into the center of 
the well (condensate on the casing wall may prematurely wet the tape). A hollow 
"plopping" sound occurs when the weight reaches water, then the tape is lowered 
very slowly for at  least another 15 cm, preferably to an even increment on the 
measuring tape. Next, the tape is carefully withdrawn from the well; water depth is 
determined by subtracting the wetted length of tape from the total length of tape 
in the well. In small diameter wells, the volume of the weight may cause the water 
to rise by displacement. In general, the use of indicating paste or chalk should be 
discouraged although they may not present a significant problem if water samples 
are not collected. As with all depth measurement devices, the wetted section of the 
tape and the weight must be thoroughly cleaned before reuse to avoid cross- 
con tam i n a ti on. 

The following sections of the TEGD (US. €PA, 1986) should be consulted for 
water level measurement requirements, and information on data interpretation : 

0 Ground-water level measure'ment (1.3.1.1); 

0 Interpretation of ground-water level measurements (1.3.1.2); 

0 Establishing vertical components of ground-water flow (1.3.1.3); and 

0 Interpretation of flow direction (1.3.1.4). 
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10.6.3.3 Dye Tracing 

Dye tracing is a field method which can be used to measure the velocity of 
ground water for highly permeable strata (such as karst terrain and highly fractured 
rock media). When the velocity of flowing water and the hydraulic gradient at a 
common point are known, the permeability can be estimated. The  hydraulic 
gradient (i) of an existing water table can be estimated from wells in the area. If 
not, observation wells must be installed (Cedergren, 1977). 

The procedure used in dye tracing involves t h e  insertion of a dye, such as 
fluorescein sodium into a test hole and observation of the time it takes to emerge in 
a nearby test pit or on a bank from which seepage is emerging. The average linear 
velocity, v, is determined by dividing the distance traveled, L, by the time of travel, t. 
The effective porosity, ne, is determined from test’data for the in-place soil; if no 
tests are available, it is determined using the values in Table 10-4. The hydraulic 
conductivity is calculated from the  equation: 

It should be noted that the  time required for tracers to move even short 
distances can be very long unless the formations contain highly permeable strata 
(Cedergren, 1977). As a result of the limitations of tracer techniques, this type of 
study is applied-only in highly specialized locations. Uncertainties associated with 
the flow path make interpretation of the results difficult. This technique has been 
used effectively in conjunction with modeling in complex terrain with the  tracer 
study serving to calibrate the model. 

10.6.4 . Ground-Water Sample Collection Techniques 

The procedure for collecting a ground water sample involves t h e  following 
steps presented in Chapter 4 of TEGD (U.S. EPA, 1986): 

0 Measurement of static water level elevation (4.2.1); 
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0 Monitoring of immiscible layers (4.2.2); 

. 

0 Well evacuation (4.2.3); 

. Sample withdrawal (4.2.4); 

0 

0 

0 Chain-of-custody procedures (4.4). 

-- In situ or field analyses (4.2.5); 

Sample preservation and handling (4.3); and 

Collection of static water level elevations on a continuing basis is important to 
determine if horizontal and vertical flow gradients have changed since initial site 
characterization, which could necessitate modification of the ground-water 
monitoring system. Steps should be taken to monitor for the presence and/or 
extent of light and/or dense phase immiscible organic layers before the well is 
evacuated for conventional sampling if wastes of this type are present a t  the 
facil ity. 

The water standing in the well prior to sampling may not be representative of 
-- in situ ground-water quality. Therefore, the owner or operator should remove the 
standing water in the well so that water which is representative of the formation 
can replace the standing water. Purged water should be collected and screened 
with photoionization or organic vapor analyzers, pH, temperature, and conductivity 
meters. If these parameters and facility background data suggest that the water 
may be hazardous, it should be drummed and disposed of properly. 

. 

. The technique used to withdraw a ground-water sample from a well should be 
selected based on a consideration of the parameters which will be analyzed in the 
sample. To ensure the ground-water sample is representative of the formation, it is 
important to avoid physically altering or chemically contaminating the sample 
during the withdrawal process. In order to minimize the possibility of ramp 3 
contamination, the owner or clperator should: 

530 1 
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(1) Use only polytetrafluoroethylene (PTFE) or stainless steel sampling 

devices; and 

(2) Use dedicated samplers for each well. (If a dedicated sampler is not ' 

available for each well, the sampler should be thoroughly cleaned 
between sampling events, and blanks should be taken and analyzed to 
ensure that cross contamination has not occurred.) 

Section 4.2.4 of TEGD (US. EPA, 1986) includes specific factors to take into 
consideration regarding sample withdrawal. 

Some parameters are physically or chemically unstable and must be tested 
either in the borehole using a probe (in situ) or immediately after collection using a 
field test kit. Examples of several unstable parameters include pH, redox potential, 
chlorine, dissolved oxygen, and temperature. Although specific conductivity 
(analogous to electrical resistance) is relatively stable, it is recommended that this 
characteristic also be determined in the field. Most conductivity instruments 
require temperature compensation; therefore, temperatures of the samples should 
be measured a t  the time conductivifL is determined. 

Many of the constituents and parameters that are included in ground-water 
monitoring programs are not stable- and, therefore, sample preservation may be 
required. Refer to methods from EPA's'Test Methods for Evaluatinq Solid Waste - 
PhvsicalKhemical Methods, 1986 (EPNSW-846 GPO No. 955-001-00000-1) for 
sample preservation procedures and sample container requirements. 

Improper sample handling may lead to sample contamination. Samples should 
be transferred into their containers in such a way as to minimize any contamination. 

.. Handling methods are analyte dependent. Special handling considerations for 
various analyte types are discussed in Section 4.3.3 of theTEGD (US. EPA, 1986). 

An adequate chain-of-custody program will allow for the tracing of possession 
and handling of individual samples from the time of field collection through 
laboratory analysis. An owner or operator's chain-of-custody program 
requirements are detailed in Section 4 (Quality Assurance and Quality Control). 
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Chapter Four of the TEGD (US. €PA, 1986) may also be consulted for sample 
collection techniques as well as for analytical procedures, field and laboratory 
QNQC requirements, and suggestions for reporting of ground-water data. Section 
4 of this guidance presents a general discussion of QA/QC. In addition, the owner or 
operator may also find the following publication useful for sampling information: 

0 U.S. €PA. September, 1987. Practical Guide for Ground Water Samplinq. 
EPA/600/2-85/104. NTlS PB86-137304. Washington, D.C. 20460. 

10.7 Site Remediation 

Although the RFI Guidance is not intended to provide detailed guidance on 
site remediation, it should be recognized that certain data collection activities that 
may be necessary for a Corrective Measures Study may be collected during the RFI. 
€PA has developed a practical guide for assessing and remediating contaminated 
sites that directs users toward technical support, potential data requirements and 
technologies that may be applicable to EPA programs such as RCRA and CERCLA. 
The reference for this guide is provided below. 

t 

US. EPA. 1988. Practical Guide for ASSeSSinQ and Remediatinq Contaminated 
- Sites. Office of Solid Waste and Emergency Response. Washington, D.C. 
20460. 

This guide is designed to address releases to ground water as well as soil, 
surface water and air. A short description of the guide is provided in Section 1.2 
(Overall RCRA Corrective Action Process), under the discussion of Corrective 
Measures Study. 

In addition to the above described reference, several ground-water computer 
modeling programs are available t o  assist in designing ground-water remediation. 
systems, such as the one referenced below. Application of such models should be 
based on site-specific cons/derations, as most models are not applicable to all 
situations. 

US. €PA. 1987. Zone of Capture for Ground Water Corrective Action. 
. Compati ble Computer Proqram and Users Guide. Federal Computer Products 

*'$32 . - 7 . . .  \ 
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Center, National Technical Information Service. Springfield, VA 221 61. 
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10.8 Checklist 

RFI CHECKLIST- GROUND WATER 

Site Name/Location 
Type of Unit 
1. Does waste characterization include the following information? 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

Constituents of concern/suppotting indicator parameters 
Concentrations of constituents 
Physical form of waste 
Chemical properties of waste (organic, inorganic, 
acid, base) and constituents 

PH 
PKa 
Viscosity 
Water solubility 
Density 

'Hen ry 's Law Constant 
K,, 

Physical and chemical degrabation \d.g., hydrolysis) 

2. Does unit characterization include the following information? 
Age of unit 
Construction integrity 
Presence of liner (natural or synthetic) 
Location relative to ground-water table or bedrock or 

Unit operation data 
Presence of cover 
Presence of on/offsite buildings 
Depth and dimensions of unit 
Inspection records 
Operation logs 

other confining barriers 
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RFI CHECKLIST- GROUND WATER (Continued) 

3. 

- 
0 

Past fire, explosion, or other complaint reports 

Presence of natural or engineered barriers near unit 
0 Existing ground-water monitoring data - 

- 
Does environmental setting information include the following information? 

Site Soil Characteristics 
( Y N  

- 0 Grain size distribution and gradation 

0 Hydraulic Conductivity - 
0 Porosity 

- 0 
0 

Discon.tinuities in soil strata (e.g., faults) 
Degree and orientation of subsurface stratification 
and bedding e 

- 
Ground-Water Flow Svstem Characterization ( Y N  

0 .. 
0 
0 
0 

- 0  
0 
0 
0 

0 

0 
0 
0 

Use of aquifer 
Regional flow cells and flow nets 
Depth to water table 
Direction of flow 
Rate of flow 
H yd rau I ic conductivity 
Storativity/specific yield (effective porosity) 
Aquifer type (confined or unconfined) 
Aquifer characteristics (e.g., homogeneous, isotropic, 
leaky) 
Hydraulic gradient 
Identification of recharge- and discharge areas 
Identification of aquifer boundaries (i.e., areal extent) 
Aquitard characteristics (depth, permeability degree of 
jointing, continuity) 
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RFI CHECKLIST- GROUND WATER (Continued) 

Ground-Water Qualitv Characteristics (Y/N) - 0 

Background water quality 
0 

Presence of minerals and organics 

Monitoring constituents and indicator parameters 
- 

4. Have the following data on the initial phase of the release characterization 
( Y N  been collected? 

- 0 Extent 
0 Location 
0 Shape 
0 Hydraulic gradient across plume 
0 Depth to plume 
0 Chemistry and concentration 
0 Velocity 
0 Potential receptors . 

- 
- 
- 
- 
- 
- 
- 

5. Have the following data on the subsequent phase(s) of the release character- 

ization been collected? ('Y/N) 
Extent 
Location 
Shape 

0 Hydraulic gradient across plume 
Depth to plume .' 

0 Chemistry and concentration 
Velocity 
Potential receptors 

- 
- 
- 
- 
- 
- 
- 
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SECTION 11 

SUBSURFACE GAS 

11.1 Overview 

This section applies to units with subsurface gas releases, primarily landfills, 
leaking underground tanks, and units containing putrescible organic matter, but 
may include other units. 

The objective of an investigation of a subsurface gas release is to verify, if 
necessary, that subsurface gas migration has occurred and to characterize the 
nature, extent, and rate of migration of the release of gaseous material or 
constituents through the soil. Methane gas should be monitored because it poses a 
hazard due to i ts explosive properties when it reaches high concentrations, and also 
because it can serve as an indicator (i.e., carrier gas) for the migration of hazardous 
constituents. Other gases (e.g., carbon dioxide and sulfur dioxide) may also serve as 
indicators. This kction provides: 

An example strategy for characterizing subsurface gas releases, which 
includes characterization of the source and the environmental setting of 
the release, and conducting monitoring to characterize the release itself; 

Formats for data organization and presentation; 

- 

Field methods which may be used in the investigation; and 

0 A checklist of information that may be needed for release 
characterization. 

The exact type and amount of information required for sufficient release 
characterization will be site-specific and should be determined through interactions 
between the regulatory agency and the facility owner or operator during the RFI 
process. This guidance does not define the specific data required in all instances; 
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however, it identifies possible information which may be necessary to perform 
release characterizations and methods for obtaining this information. The RFI 
Checklist, presented a t  the end of this section, provides a tool for planning and 
tracking information for subsurface gas release characterizations. This l i s t  is not 
meant to  sewe as a list of requirements for all subsurface gas releases to soil. Some 
releases will involve the collection of only a subset of the items listed. 

As indicated in the following sections, subsurface gas migrates along the path 
of least resistance, and can accumulate in structures (primarily basements) on or off 
the facility property. If this occurs, it is possible that an immediate hazard may exist 
(especially if the structures are used or inhabited by people) and that interim 
corrective measures may be appropriate. Where conditions warrant, the owner or 
operator should immediately contact the regulatory agency and consider 
immediate measures (e.g., evacuation of a structure): 

Case Study Numbers 23 and 24 in Volume IV (Case Study Examples) provide 
examples of subsurface gas investigations. 

11.2 Approach for Characterizing Subsurface Gas Releases 

11.2.1 General Approach 

. 

The collection and review of existing information for characterization of the 
contaminant source and the environmental setting will be the primary basis for 
development of a conceptual model of the release and subsequent development of 
monitoring procedures to  characterize the release. A conceptual model of the 
release should be formulated using all available information on the waste, unit 
characteristics, environmental setting, and any existing monitoring data. This 
model (not a computer or numerical simulation model) should provide a working 
hypothesis of the release mechanism, transport pathway/mechanism, and exposure 
route (if any). The model should be testablelverifiable and flexible enough to be 
modified as new data become available. 
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The conceptual model for subsurface gas should consider the ability of the 

waste to generate gaseous constituents, the conditions which would favor 
subsurface migration of the gaseous release, and the likelihood of such a release to 
reach and accumulate within structures (e.g., residential basements) at  explosive or 
toxic concentrations. 

Additional data collection to characterize the contaminant source and 
environmental setting may be necessary prior to implementing the monitoring 
procedures. The subsurface pathway data collection effort should be coordinated, 
as appropriate, with similar efforts for other media investigations. 

' 

Characterization of subsurface gas releases can be accomplished through a 
phased monitoring approach. An example of a strategy for characterizing 
subsurface gas releases is shown in Table 11-1. 

Development of monitoring procedures should include determining the 
specific set of subsurface gas indicators and constituents for monitoring. Methane, 
carbon dioxide, and site-specific volatile organics (e.g., vinyl chloride), can be used 
to identify the presence of subsurface gas during initial monitoring. Subsequent 
monitoring will generally involve these gases, but may also involve various other 
constituents. Development of the monitoring procedures should also include 
selection of the appropriate field and analytical methods. Selection of these 
methods will be dependent on site and unit specific conditions. 

An initial monitoring phase should be implemented using screening 
techniques and appropriate monitoring constituent(s). A subsurface gas migration 
model can be used, as applicable, as an aid in selection of monitoring locations. 
Subsequent monitoring will generally be necessary if subsurface gas migration IS 

detected during the initial survey. This additional monitoring may include a wider 
range of con.stituents. 

Characterization of a subsurface gas release can involve a number of tasks to 
be completed throughout the course of the investigation. These tasks are listed in 
Table 11-2 with associated techniques and data outputs. 
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TABLE 11-1 

EXAMPLE STRATEGY FOR CHARACTERIZING RELEASES OF SUBSURFACE GAS1 

INITIAL PHASE 

Collect and review existing information on: 

- Waste - Unit - Environmental setting - 
Identify any additional information necessary to fully characterize release: 

- Waste - Unit - Environmental setting - 
Oevel o p mon ito ri n g p roced u res : 

- - Determine monitoring program objectives - Determine monitorin constituents and indicator parameters ~ 

- Sampling schedule - Monitoring locations - Analytical methods - . QNQCprocedures 

Contaminant releases, including inter-media transport 

Contaminant releases, including inter-media transport 

Formulate conceptual model of release 

- Sampling approach se 9 ection 

Conduct Initial Monitoring: 

- 
- 

Use subsurface gas migration model to estimate release dimensions (plot 
1 .O and 0.25 lower explosion limit isopleths for methane) 
Monitor ambient air and shallow boreholes around the site using 
portable survey instruments to detect methane and other indicator 
parameters 
Use results of above two steps to refine conceptual model and determine 
sampling locations and depths; conduct limited well installation 
program. Monitor well gas and shallow soil boreholes for indicators and 
constituents 
Monitor surrounding structures (e.g., buildings and engineered conduits) 
for other indicator parameters and constituents 

- 

- 

Collect, evaluate and report results: 

- Compare methane results with lower explosion limit (LEL) and 0.25 LEL 
and report results immediately to regulatory agency if these values are 
exceeded 

: 544.: 
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TABLE 11-1 (Continued) 

EXAMPLE STRATEGY FOR CHARACTERIZING RELEASES OF SUBSURFACE GAS1 

- - - 
- 

Summarize and present data in appropriate format 
Determine if monitoring program objectives were met 
Determine if data are adequate to describe nature, rate and extent of 
release 
Report results to regulatory agency 

SU BS EQ U E NT PHASES (If Necessary) 

Identify additional information necessary to characterize release: 

- Modify conceptual model and identi additional information needs 

- - 
- 
Expand initial monitoring as necessary: 

- 
- 

Conduct subsequent monitoring: 

- 
- 
Collect, evaluate and report resultdidentify additional information necessary 
to characterize release: 

- Selection of monitoring constituents 7 or subsequent phase 
Spatial extent of subsurface gas migration 
Concentration levels of methane and other indicators and additional 
monitoring constituents 
Evaluate potential role of inter-media transport 

Ex and subsurface gas well monitoring network 

Expand number of structures sub’ect to monitoring 
- A 8 d or delete constituents and parameters . .  
- Increase or decrease monitoring c requency 

Perform expanded monitoring of area for methane and other indicator 
parameters and specific monitoring constituents 
Further monitoring of surrounding structures if warranted 

Compare monitoring results to health and environmental criteria and 
identifyhespond to emergency situations and identify priority situations 
that warrant interim corrective measures - notify regulatory agency 
immediately 
Summarize and present data in appropriate format. 
Determine if monitoring program objectives were met 
Determine if data are adequate to describe nature, rate, and extent of  
release 
Identify additional information needs 
Determine need to expand monitoring system 
Evaluate potential role of inter-media transport 
Report results to regulatory agency 

1 The possibility for inter-media transport of contamination should be 
anticipated throughout the investigation. __ -- 1 

. 

545 
,- 
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TABLE 11-2 
RELEASE CHARACTERIZATION TASKS FOR SUBSURFACE GAS 

7 a.: 
Investigatory Tasks 

1. WastdUnit Characterization 

- Identification of waste 
constituents of concern 

- Identification of unit 
characteristics which 

release 
. promote a subsurface gas 

2. Environmental Setting 
Characterization 

Definition of climate 

Definition of sitcspecific 
meteorological conditions 

Definition of soil conditions 

Definition of si te-speci fic 
terrain 

1dentification.of subsurface 
gas migration pathways 

Identification and location 
of engineered conduits 

Identification and location 
of surroundina structures - 

1 3. Release Characteririation 

! - Model extent of release 
I 

I 

I 

1 - Screening evaluation of 
. subsurface gas rdcase I 

! 

- Measurement for specific 
I constituents 

j 
I 

Investigatory Techniqu'a 

- 
- SeeSection7 

See Sections 3 , 7  and Appendix 
8 

Climate summaries for regional 
National Weather Service 
stations 

Meteorological data from 
regional National Weather 
Service stations 

See Section 9 (e.g., porosity, 
moisture content, organic 
carbon content, etc.) 

See Sections 7,9 and Appendix 
A 

Review of unit design and 
environmental semng 

Review of water level 
measurements 

Examination of maps, 
engineering diagrams, etc. 

Ground penetrating radar (See 
Appendix Q 

Survey of surrounding area 

- Gas migration model (See 
Appendix 0) 

- Shallow borehole monitoring 
and monitoring in surrounding 
buildings forindicators and 
specific constitoent(s) 

and monitoring 
- Selected gas well installation 

- Monitoring in surrounding 
buildings 

Data Presentation FormatVOutputs 

- Listing of potential monitoring 
constituents 

- Description of the unit, if 
active, and operational 
conditions concurrent wjth 
subsurface gas sampling 

- Tabular summaries for 
parameters of interest 

- Tabular listing for parameters 
of interest concurrent with 
subsurface gas sampling 

- Soil physical properties 

- Topographic map of site area 

- . Identification of possible 
migration pathways 

- Depth to  water table 

- Description of the examination 

- Results Of Study 

- Map with structures identified 

- Estimated methane 
. concentration isopleths for LEL 

- Listing of concentrations levels 

and 0.25 LEL 

- Tables of concentrations 

- Detailed assessment of extent 
and magnitude of releases 

- Tables of concentrations 
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As monitoring data become available, both within and at  the conclusion of 

discrete investigation phases, it should be reported to  the regulatory agency as 
directed. The regulatory agency will compare the monitoring data to applicable 
health and environmental criteria to determine the need for (1) interim corrective 
measures; and/or (2) a Corrective Measures Study. In addition, the regulatory 
agency will evaluate the monitoring data with respect t o  adequacy and 
completeness to determine the need for any additional monitoring efforts. The 
health and environmental criteria and a general discussion of how the regulatory 
agency will apply them are supplied in Section 8. A flow diagram illustrating RFI 
decision points is provided in Section 3 (See Figure 3-2). 

Notwithstanding the above process, the owner or operator has a continuing 
responsibility to identify and respond to emergency situations and to define priority 
situations that may warrant interim corrective measures. For these situations, the 
owner or operator is directed to obtain and follow the RCRA Contingency Plan 
requirements under 40 CFR Part 264, Subpart 0. 

11.2.2 Inter-media Transport 

Contaminated ground water and contaminated soil can result in releases of 
gaseous constituents via subsurface migration, primarily due to volatilization of 
organic constituents. Information collected from ground-water and soil 
investigations may provide useful input data for the subsurface gas pathway 
characterization. It may also be more efficient to  jointly conduct monitoring 
programs for such related media (e.g., concurrent ground water and subsurface gas 
migration monitoring programs). 

Subsurface gas migration also has the potential for inter-media transport (e.g., 
transfer of contamination from subsurface gas to the soil and air media). Therefore, 
information from the .subsurface gas migration investigation will also provide 
useful input for assessing soil contamination and potential air emissions. 

11.3 Characterization of the Contaminant Source and the Environmental Setting 

The type of waste managed 
which the gas can be generated, 0 

in the unit will determine the conditions under 
and the type of unit and characteristics of the 
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surrounding environment (e.g., soil type and organic content) establishes potential 
migration pathways. Units which may be of particular concern for subsurface gas 
releases contain putrescible organic material and generally include below grade 
landfills, units closed as landfills (e.g., surface impoundments), and underground 
tanks. These types of units may have waste deposited or stored a t  such depths as to 
allow for subsurface gas. generation by volatilization or decomposition of organic 
wastes and subsequent migration (see Figures 11-1 and 11-2). 

The nature and extent of contamination are affected by environmental 
processes such as dispersion, diffusion, and degradation, that can occur before and 
after the release occurred. Factors that should be considered include soil physical 
and chemical properties, subsurface geology and hydrology, and in some cases, 
climatic or meteor0 logic patterns. 

J 

The principle components of "landfill gas" are generally methane and carbon 
dioxide produced by the anaerobic decomposition of organic materials in wastes. 
Methane is of particular concern due to i t s  explosive/flammable properties, 
although other gases of concern could be present. The presence of these other 
gases in a unit is primarily dependent upon the types of wastes managed, the 
volatilities of the waste constituents, temperature, and possible chemical 
interactions within the waste. Previous studies (e.g., Hazardous Pollutants in Class II 
Landfills, 1986, South Coast Air Quality Management District, El Monte, California 
and US. €PA. 1985. Technical Guidance for Corrective Measures - Subsurface Gas. 
Washington, D.C. 20460) have indicated that the predominant components of 
landfill gas are methane and carbon dioxide. Methane is generally of greater 
concentration, however, carbon dioxide levels are generally also high, especially 
during the early stages of the methane generation process. Concentrations of 
subsurface gas constituents which may accompany methanelcarbon dioxide are 
generally several orders of magnitude less than methane. In some cases (e.g., 
associated with acidic refinery wastes) sulfur dioxide may be the primary subsurface 
gas. 
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11.3.1 Waste Characterization 355 
11.3.1.1 Decomposition Processes 

Subsurface gas generation occurs by biologica and physical 
decomposition of disposed or stored wastes. Waste characteristics usually affect the 
rate of decomposition. The owner or operator should review unit-specific 
information (waste receipts, waste composition surveys, and any other records of 
wastes managed) to determine waste type, quantities, location, dates of disposal, 
waste moisture content, organic content, etc. 

The three decomposition processes known to occur in the production of 
subsurface gases are biological decomposition, chemical decomposition, and 
physical decomposition. These are discussed below: 

11.3.1.1.1 Biological Decomposition 

The extent of biological decomposition and subsequent gas generation from a 
given waste is related to the type of unit. Biological decomposition, due primarily 
to anaerobic microbial degradation, is significant in most landfills and units closed 
as landfills which contain organic wastes. Generally, the amount of gas generated 
in a landfill is directly related to the amount of organic matter present. 

Organic wastes such as food, sewage sludges, and garden wastes decompose 
rapidly, resulting in gas generation shortly after burial, with high initial yields. 
Much slower decomposing organic wastes include paper, cardboard, wood,-leather, 
some teqiles and several other organic components. Inorganic and inert materials 
such as plastics, man-made textiles, glass, ceramics, metals, ash, and rock do not 
contribute to biological gas production. A t  units closed as landfills, waste types that 
undergo biological decomposition might include bulk organic wastes, food 
processing sludges, treatment plant sludges, and composting waste. 

Waste characteristics can increase or decrease the rate of biological 
decomposition. factors that enhance anaerobic decomposition include high 
moisture content, adequate buffer capacity and neutral pH, sufficient nutrients 
(nitrogen and phosphorus), and moderate temperatures. Characteristics that 

chem ica 
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genexz@fdecrease biological decomposition include the presence of acidic or basic 
pH, sulfur, soluble metals and other microbial toxicants. The owner or operator 
should review the waste characteristic information to document if biological 
decomposition and subsequent gas generation may be occurring. 

Under anaerobic conditions, organic wastes are primarily converted by 
mkobial action into carbon dioxide and methane. Trace amounts of hydrogen, 
ammonia, aromatic hydrocarbons, halogenated organics, and hydrogen sulfide may 
also be present. With regard to subsurface migration, the primary gases of concern 
are methane (because of i ts  explosive properties) and constituents that may be 
present in amounts hazardous to human health or the environment. 

11.3.1.1.2 Chemical Decomposition 

Gas production by chemical reaction can result from the disposal or storage of 
incompatible wastes. Reactive or ignitable wastes can produce explosive or heat- 
producing reactions, resulting in rapid production of gases, and increased pressures 
and temperatures. Under acidic conditions, a strong oxidizing agent can react with 
organic wastes to prod-uce carbon dioxide and ammonia which can migrate from 
the unit, possibly prhviding a transport mechanism for other gaseous components. 

Under typical conditions, gas production from chemical reactions is  not 
expected to occur a t  landfills or units closed as landfills. However, volatile liquids 
stored in underground tanks may have a significant potential to create a release by . 

chemical reaction. Good waste management practices, particularly the proper 
design and operation (e.g., pressure-relief valves and leak detection systems) of 
underground tanks can minimize the potential for gas release. 

11.3.1.1.3 Physical Decomposition 

Physical decomposition phenomena include volatilization and combustion. 
Volatilization can result in subsurface gas generation in underground tanks if there 
is a leak or puncture. The greater a compound's vapor pressure, the greater will be 
its potential to volatilize. Maintenance of underground tanks (e.g., pressure-relief 
valves and leak detection systems) can minimize volatilization. 
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Combustion processes (e.g., underground fires) sometimes occur a t  active 

landfills and result in subsurface gas release. Combustion can convert wastes to 
byproducts such as carbon dioxide, carbon monoxide, and trace toxic components. 
Combustion processes can also accelerate chemical reaction rates and biological 
decomposition, creating greater potential for future subsurface gas generation and 
subsequent release. The owner or operator should review facility records to 
determine if combustion has occurred and when. 

11.3.1.2 Presence of Constituents 

Subsurface gas generation and migration of methane is of concern because of 
its explosive properties. In addition, methane and other decomposition gases can 
facilitate the migration of volatile organic constituents that may be of concern 
because of potential toxic effects. Subsurface gas migration due to leaks from 
subsurface tanks may also be associated with a variety of volatile organic 
constituents. 

In determining the nature of a release, it may be necessary to determine the 
specific waste constituents in the unit. Two means of obtaining these data are: 

(1) Review of facility records. Review of facility records may not provide 
adequate information (e.g., constituent concentrations) for RFI purposes.. 
For example, facility records of waste handled in the unit.may only 
indicate generic waste information. Knowledge of individual 
constituents and concentrations is generally needed for purposes of the 
RFI. 

. 

Conductinq waste samplina and analysis. When facility records do not 
indicate the specific constituents of the waste which are likely to be 
released and may migrate as  subsurface gas,. direct waste 
characterization may be necessary. This effort, aimed a t  providing 
compound specific data on the waste, can be focused in terms of the 
constituents for which analysis should be performed through review of 
the waste types in the unit. In some cases, however, the generic waste 
description (e.g., flammable liquids) will not give an indication of the 
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specific constituents present, and analysis for all of the constituents of 
concern as gaseous releases (See Appendix 8, List 2) may be required. 

Additional guidance on identification of monitoring constituents is presented 
in Section 3.6. Section 7 provides guidance on waste characterization. 

1 1'31.3 Concentration 

Determination of concentrations of the constituents of concern in the waste 
may indicate those constituents which are of prime concern for monitoring. The 
concentration of a constituent in a waste (in conjunction with i ts physicalkhemical 
properties and total quantity) provides an indication of the gross quantity of 
material that may be released in the gaseous form. 

11.3.1.4 Other Factors 

In addition'to the factors described above, determination of the potential for 
volatilization of the waste constituents will help determine if they may be released. 
The parameters most'important when assessing the potential for volatilization of a 
constituent include the following: 

Water solubility. The solubility in water indicates the maximum 
concentration a t  which a constituent can dissolve in water a t  a given 
temperature. This value can be used to estimate the distribution of a 
constituent between the dissolved aqueous phase in the unit and the 
undissolved solid or immiscible liquid phase. Considered in combination 
with the constituent's vapor pressure, it can provide a relative assessment 
of the potential for volatilization. 

0 Vapor pressure. Vapor pressure refers to the. pressure of vapor in 
equilibrium with a pure liquid. It is best used in a relative sense; 
constituents with high vapor pressures are more likely to be released in 
the gaseous form than those with low vapor pressues, depending on 
other factors such as relative solubility and concentration (Le., a t  high 
concentrations releases can occur even though a constituent's vapor 
pressure is relatively low). 

_ .  
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Octanol/water partition coefficient. The octanol/water partition 
coefficient indicates the tendency of an organic constituent to sorb to  
organic components of the soil or waste matrices of a unit. Constituents 
with high octanol/water partition coefficients will adsorb readily to  
organic carbon, rather than volatilizing to  the atmosphere. This is 
particularly important in landfills and land treatment units, where high 
organic carbon contents in soils or cover material can significantly reduce 
the release potential of vapor phase constituents. 

0 Partial pressure. For constituents in a mixture, particularly in a solid 
matrix, the partial pressure of a constituent will be more significant than 
the pure vapor pressure. In general, the greater the partial pressure, the 
greater the potential for release. Partial pressures will be difficult to 
obtain. However, when waste characterization data is available, partial 
pressures can be estimated using methods commonly found in 
engineering and environmental science handbooks. 

0 Henry's Law constant. Henry's law constant is the ratio of the vapor 
pressure of a constituent and i ts  'aqueous solubility (at equilibrium). I t  
can be used to assess the relative ease with which the compound may be 
removed from the aqueous phase via vaporization. It is accurate only 
when used in evaluating low concentration wastes in aqueous solution. 
Thus it will be most useful when the unit being assessed is a surface 
impoundment or tank containing dilute wastewaters. As the value 
increases, the potential for significant vaporization increases, and when 
it is  greater than 0.001, rapid volatilization will generally occur. 

0 Raoult's Law. Raoult's-Law can be used to  predict releases from 
concentrated aqueous solutions (i.e., solutions over 10% solute). This 
.will be most useful when the unit contains concentrated waste streams. 

11.3.2 Unit Characterization 

Unit design (e-g., waste depth, unit configuration, and cover materials) also 
affects gas generation. Generally, the amount of gas generated increases with 
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landfill volume and often with landfill depth. Deeper landfills have a proportionally 
larger anaerobic zone, greater insulation and compaction, and are more likely to 
confine gas production. Deeper landfills, such as trench fills or canyon fills, can trap 
gases along confining sidewalls and bottom bedrock or ground water. Daily, 
interim, and final cover soils can confine gases within the landfill. This is particularly 
true for low permeability cover soils (e.g., clays) which impede vertical gas 
migration. Conversely, mounds or shallow landfills have large surface areas 
through which gases can vent more easily. 

Unit operations, such as methods and procedures used to  segregate and 
isolate inert wastes, to prevent moisture infiltration, to compact and increase the 
density of the waste, and to minimize or prevent mixing of waste types, can affect 
resultant releases of subsurface gases. Daily covering of the unit may inhibit 
decomposition and thus gas generation and subsequent migration. 

Certain units have a high potential for allowing the movement of subsurface 
gas. These units are those that receive and/or store large volumes of decomposable 
wastes, volatile organic liquids, or highly reactive materials. Subsurface gas 
migration may occur especially when major portions of a land-based unit are below 
grade. Gas generated by these units can migrate vertically add laterally from the 
unit, following the path of least resistance. 

Some units are operated above grade or in relatively shallow soils (e.g., surface 
impoundments, land treatment units). The potential for subsurface gas migration 
from such units is usually low. Gases generated by such units will generally be 
vented to the atmosphere unless prevented by a natural barrier (e.g., frozen 
ground) or an engineered barrier (e.g., soil cover). 

Information on unit operations will therefore be important in assessing the 
potential for subsurface gas migration. Unit operational data may also be required 
concurrent with any subsurface gas sampling activities. It is particularly important 
to obtain operational data on any gas collection system in use a t  the time of 
sampling. These gas collection systems can significantly affect subsurface gas 
migration rates, patterns and constituent concentration levels. 
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Generally, the units that pose the greatest potential for subsurface gas 

migration include landfills, sites closed as landfills, and underground storage tanks. 
These are discussed below. 

0 
1 1.3.2.1 Landfills 

Gas generated in landfills can vent vertically to the atmosphere and/or migrate 
horizontally through permeable soil, as shown in Figure 11-1. Closure of the landfill 
or periodic covering of cells or lifts with impermeable caps may impede the vertical 
movement of the gases, forcing them to migrate laterally from the unit. Gas 
migration laterally through the subsurface (e.g., through underground utility line 
channels or sand lenses) may accumulate in structures on or off the facility property. 

11.3.2.2 Units Closed as Landfills 

Gas generation and subsequent migration is likely to occur at  units closed as 
landfills containing organic wastes, as previously discussed. Although surface 
impoundments and waste piles may be closed as landfills, they tend to produce less 
gas than landfills because they generally contain smaller quantities of 
decomposable and volatile wastes and are generally a t  shallow depths. Closure of 
such units with an impermeable cover will, however, increase the potential for 
lateral gas movement and accumulation in onsite and offsite structures (see Figure 
1 1-2). 

1 1.3.2.3 Underground Tanks 

Subsurface gas release and subsequent migration may occur i f  an 
underground tank is leaking. Underground tanks frequently contain volatile liquids 
that could enter the unsaturated zone should a leak occurfsee Figure 1 1-2). 

1 1.3.3 . Characterization of the Environmental Setting 

1 1.3.3.1 Natural and Engineered Barriers 

Subsurface conditions a t  the site should be evaluated to determine likely gas 
migration routes. Due to the inherent mobility of gases, special attention must be 

- 
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paid to zones of high permeability created by man-made, biological, and physical 
weathering action. These zones include backfill around pipes, animal burrows, 
solution channels, sand and/or gravel lenses, desiccation cracks, and jointing in 
bedrock. The presence of dead rodents, snakes and other burrowing animals is 
usually a good indication of a potential subsurface gas pathway. 

' 

Natural and engineered barriers can also affect gas migration, generally by 
inhibiting migration pathways. Natural barriers to gas migration include surface 
water; ground water, and geologic formations. Engineered barriers include walls, 
onsite structures, underground structures, caps, liners, and other design features. 
On the other hand, preferred pathways for subsurface gas migration may result 
from previous underground construction (e.g., underground utility lines) that can 
facilitate gas flow. Natural and engineered barriers are discussed in more detail 
below. . 

11.3.3.1.1 Natural Barriers . 

Surface water, ground water, and saturated soils can slow down or control the 
direction of subsurface gas migration. Gases encountering these barriers will follow 
the pathway of least resistance, usually through unsaturated porous soil. . .  

Geologic barriers can also impede or control the route of subsurface gas 
migration. For example, soil type is an important factor in gas migration. Gravels 
and sands allow gas to migrate readily, particularly sand/gravel lenses, while clayey 
gravels and sandy and organic clays tend to impede gas movement. Underground 
utility trenches, backfill with granular materials, filled-in mine shafts, and tunnels or 
natural caverns can also sehe to channel subsurface gas flow. Climatic conditions 
such as precipitation or freezing can reduce the porosity of surface soils, thereby 
impeding upward gas movement. Information regarding characterization of soils is 
provided in Section 9 (Soils). 

1 1.3.3.1.2 Engineered Ba rriers 

Landfills and units closed as landfills may use caps and liners to prevent 
moisture infiltration and leachate percolation to ground water. Caps can 
contribute to horizontal gas movement when upward migration to the surface is 
/--- 
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restricted (as shown in Figure 11-1). Liners tend to impede lateral migration into 
the surrounding unsaturated soils. The owner or operator should evaluate cap/liner 
systems (type, age, location, etc.) to  determine potential gas migration pathways. 
Similar to liners, slurry walls used to border landfill units can retard lateral gas 
movement. With respect to underground tanks, caps and liners are not typically 
used. Tanks are often placed into soils with sand or gravel backfill during 
installation, followed by paving on the surface. Thus, any escaping gases from a 
leaking underground tank may migrate laterally along the path of least resistance 
adjacent to the units. The owner or operator should evaluate tank construction, 
and age, integrity, and location. 

1 1.3.3.2 Climate and Meteorological Conditions 

The climate of the site should be defined to provide background information 
for assessing the potential for subsurface gas migration, identifying migration 
pathways, and designing the subsurface gas migration monitoring system. Climatic 
information, on an annual and monthly or seasonal basis, should be collected for 
the following parameters: 

Temperature meanslextremes and frost season (which indicates the 
potential for impeding the upward migration of the subsurface gas, thus 
confining the gas within the ground); 

0 Precipitation means and snowfall (which indicates the potential for 
"trapping" as well as an indication of soil -moisture conditions which 
affe.a subsurface gas migration); and 

0 Atmospheric pressure means (which indicates the potential for gaseous 
releases to ambient air from a unit of concern). 

The primary source of climate information for the Unites States is'the National 
Climatic Data Center (Asheville, NC). The National Climatic Data Center can provide 
climate summaries for the National Weather Service station nearest to the site of .  
interest. Standard references for climatic information also include the following: 
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Local Climatoloqical Data - Annual Summaries with Comparative Data, 
published annually by the National Climatic Data Center; 

Climates of the States, National Climatic Data Center; and 

Weather Atlas of the United States, National Climatic Data Center. 

Meteorological data for the above parameters should also be obtained 
concurrently with subsurface gas sampling activities. As previously discussed, these 
meteorological conditions can influence subsurface gas migration rates, patterns 
and concentration levels. Therefore, these data are necessary to properly interpret 
subsurface gas sampling data. Concurrent meteorological data for the sampling 
period can be obtained from the National Climatic Data Center for National 
Weather Service stations representative of the site area. in some cases, onsite 
meteorological data will also be available from an existing monitoring program or 
associated with an RFI characterization of the air media (See Section 12). 

. .  
1 1.3.3.3 Receptors 

Receptor information needed to assess potential subsurface gas exposures 
includes the identification and location of surrounding buildings and potential 
sensitive receptors (e.g., residences, nursing homes, hospitals, schools, etc.). This 
information should also be considered in developing the monitoring procedures. 
Additional discussion of potential receptors is provided in Section 2. 

11.4 Design of a Monitoring Program to Characterize Releases 
\ 

Existing data should help to indicate which units have the potential to 
generate methane or other gases or constituents of concern. Such information can. 
be found in construction or design documents, permit and inspection reports, 
recordsof waste disposal, unit design and operation records, and documentation of 
past releases. 

Units of concern should be identified on the facility's topographic map. The 
location and areal extent of these units can be determined from historical records, 
aerial photographs, or field surveys. The depths and dimensions of underground 
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structures, locations of surrounding buildings, and waste-related information 
should be identified. Waste management records may provide information on 
waste types, quantities managed, location of waste units, and dates of waste 
disposal. Waste receipts, waste composition surveys, and records of waste types 
(e.g., municipal refuse, bulk liquids, sludges, contaminated soils, industrial process 
wastes or inert materials) should be reviewed. For underground tanks, liquid waste 
compositions, quantities, and physical properties should be determined. 

0 

Review of unit design and operation records may provide background 
information on units of concern. These records may include engineering design 
plans, inspection records, operations logs, damage or nuisance litigation, and 
routine monitorng data. Also, for landfills and units closed as landfills, data may 
include the presence and thickness of a liner, ground-water elevations, waste 
moisture contents, type and amount of daily cover, records of subsurface fires, and 
in-place leachate and/or gas collection systems. Historical information on ’ 
underground tank integrity may be contained in construction and monitoring 
records. Records of past releases may provide information on problems, corrective 
measures, and controls initiated. 

The owner or operator should review records of subsurface conditions to 
determine potential migration pathways. Aerial photographs or field observations 
should identify surface water locations. Infrared aerial photography or geological 
surveys from the USGS can be used as preliminary aids to identify subsurface 
geologic features and ground-water location. In addition to obtaining and- 
reviewing existing information, a field investigation may be necessary to confirm 
the location of natural barriers. The local soil conservation service will often have 
information describing soil characteristics (e.g., soil type, permeability, particle size) 
or a site specific investigation may need to be conducted. (Soil information sources 
are discussed in Section 9). Climatic summaries (e.g., temperature, rainfall, 
snowfall) can be obtained from thh National Climatic Data Center for the National 
Weather Service station nearest to the site of interest (Specific climatic data 
references are cited in Section 12). Historical records of the site (prior use, 
construction, etc.) should also be reviewed to identify any factors affecting gas 
migration routes. The monitoring program should also address any engineered 
structures affecting the migration pathway. 
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In addition to the above, the owner or operator should examine the units and 

surrounding area for signs of settlement, erosion, cracking of covers, stressed or 
dead vegetation, dead rodents, snakes and other burrowing animals, 
contamination of surface waters, odors, elevated temperatures in any existing 
monitoring wells, and for venting of smoke or gases. The condition of any existing 
gas monitoring systems and containment or collection systems should also be 
examined, as well as any structural defects in tanks or liners. Any overflow/alarm 
shut off systems, subsurface leak detection systems, secondary containment 
structures (e.g., concrete pads, dikes or curbs) or other-safety systems for early 
detection of potential gas releases should be checked. 

By reviewing all existing information, the owner or operator should be able to 
develop a conceptual model of the release and design a monitoring program to 
characterize the release. J 

17.4.1 Objectives of the Monitoring Program 

Characterization of subsurface gas releases can be accomplished through a 
phased monitoring approach. The objective of initial monitoring should be to verify 
suspected releases, if necessary, or to begin characterizing known releases. 
Monitoring should include methane and other indicators such as carbon dioxide, as 
well as individual constituents if appropriate. If initial monitoring verifies a 
suspected release, the owner or operator should expand the monitoring program to 
determine the vertical and horizontal extent of the release, as well as the 
concentrations of all constituents of concern in the release. 

The full extent of the release can be determined through additional shallow 
borehole and gas monitoring well locations.. The goal of this further 
characterization- will be to identify the boundary of gas migration, including the 
leading edge of the migration. . 

A great deal of the effort conducted during any subsequent phase may involve 
investigating anomalous areas where subsurface conditions are non-uniform. In 
these situations, the gas migration characteristics may differ from surrounding 
areas. Consequently, non-random sampling techniques are generally most 
appropriate to monitor these areas. The location of additional gas wells and 
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shallow boreholes a t  the sites of subsurface anomalies will provide information 
regarding the migration pattern around these anomalous areas. Also, because gas 
well installation may be conducted only to a limited extent under the initial 
monitoring phase, additional wells may need to be installed. 

The monitoring program should also address the selection of constituents of 
concern, sampling frequency and duration, and the monitoring system design. 

1 1.4.2 Monitoring Constituents and Indicator Parameters 

As discussed above, the number and identity of potential subsurface gas 
constituents will vary on a site-specific basis. Constituents to be included for 
monitoring depends primarily on the type of wastes received. For example, if an 
underground storage tank contains specific constituents, they should be considered 
during subsurface gas monitoring activities. The guidance provided in Section 3 and 
the lists provided in Appendix 8 should be used to  determine a select set of 
constituents and indicator parameters for subsurface gas monitoring. 

Methane should be used as the primary indicator of subsurface gas-migration 
during the initial and any subsequent monitoring phases. Supplemental indicators 
(e.g., carbon dioxide and sulfur dioxide) may also be used as appropriate. Field 
screening equipment should be used to detect the presence of methane in terms of 
the lower explosive limit (LEL). The LEL for methane is 5 percent by volume, which is - . 

equivalent to 50,000 ppm. Individual cdnstituents should also be monitored. In 
addition, oxygen detectors and nitrogen analyses can be used to confirm the 
representativeness of all subsurface gas well samples obtained. (The presence of 
oxygen and nitrogen in well samples indicates the intrusion of ambient air into the 
well during monitoring. Samples containing ambient air would result in an 
underestimate of methane and other indicators as well as specific monitoring 
constituents.) 

Methane concentrations observed during the initial monitoring phase which 
exceed the LEL at  the property boundary or 0.25 the LEL within surrounding 
structures, would warrant initiation of subsequent monitoring phases and, possibly, 
consideration of interim corrective measures. Similarly, the presence of individual 
constituents would also trigger the need for subsequent monitoring phases. 

. .  . 
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Regardless of the degree to which monitoring constituents can be limited by 
site-specific data, analyses for all constituents identified as applicable in Appendix 8 
(List 2) will generally be necessary for the subsurface gas medium a t  selected 
monitoring locations. 

11.4.3 Monitoring Schedule 

A monitoring schedule should be established and described in the RFI Work 
Plan. This schedule should describe the sampling frequency, the duration of the 
sampling effort, and the conditions under which sampling should occur. 

During initial monitoring, bar punch probe (See Section 11-6) monitoring for 
methane and appropriate constituents should be cqnducted a t  least twice over the 
course of one week. Monitoring the wells for methane and constituents should be 

, conducted at least once a week for one month. (Subsurface gas wells should not be 
monitored for a t  least 24 hours after installation to allow time for equilibration.) 
Surrounding buildingsshould be monitored a t  least once a week for one month. 

.During any subsequent monitoring phases, more extensive sampling may be 
needed to adequately characterize the nature and extent of the release. Monitoring 
of wells and buildings far methane and constituents should be conducted every 
other day for a two week period to account for daily fluctuations in  gas 
concentrations. . 

Conditions for sampling should also be defined. Sampling should generally 
not be performed if conditions conducive to decreasing gas concentrations are 
present (e.g., subsurface gas pressure a t  less than atmospheric pressure). In these 
cases, sampling should be delayed until such conditions pass. Subsurface gas 
pressures have a diurnal cycle and are generally a t  a maximum during the 
afternoon. 

. .  
,$'? , - 
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11 A 4  Monitoring Locations 

1 1.4.4.1 Shallow Borehole Monitoring 

Areas identified for subsurface gas monitoring as a result of characterization 
of the contaminant source and the environmental setting should be investigated for 
concentrations of methane and constituents during the initial monitoring phase. 
Shallow borehole monitoring using a bar punch probe method or equivalent (See 
Section 11.6) is recommended. The bar punch is simply a steel or metal bar which is 
handdriven or hammered to depths of 6 feet. Once this hole is made it i s  covered 
with a stopper or seal to confine the headspace in the hole. The hole should be 
allowed to equilibrate for up to an hour prior to sampling to provide sufficient time 
for subsurface gas to replace the air in the hole. The ease of installation of bar 
punch holes and the ability to obtain real-time direct measurements from field 
survey instruments combine to make this task a relatively simple operation. It 

should be recognized, however, that shallow borehole monitoring is a rapid 
screening method and therefore has i ts limitations. Two major limitations are that 
negative findings cannot assure the absence of a release a t  a greater depth and that 
air intrusions can dilute the sampling reading; See also Sections 9 (Soil) and 10 
(Ground Water) for additional information. 

The number of locations to monitor will vary from site to site. However, due 
to the ease of this operation, it is recommended that many locations be surveyed 
during the initial monitoring phase. Selection of locations along the perimeter of 
the unit of concern and a t  intervals of approximately 100 feet is an adequate initial 
approach. Individual site conditions and anomalies should be considered to 
determine whether the number of sampling locations should be increased or 
decreased. A large site with homogeneous subsurface conditions could require 
fewer sampling locations by increasing the distance between sampling points. A 

site with many subsurface anomalies, such as engineered barriers or varying soil 
strata, would require a greater number of sampling locations. In general, sampling 
locations should be established where conditions are conducive to gas migration, 
such as in sands, gravels and porous soils, and near engineered conduits (e.g., 
underground utility lines). The appropriate precautions should be taken when 
sampling near engineered conduits so as not to damage such property and to assure 
the safety of the investigative team and others. '- 565 
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The distance from the unit a t  which to sample can best be determined through 
consideration of site-specific characteristics (e.g., soil conditions), and can be aided 
by the use of the gas concentration contour map generated by the predictive model 
described in Appendix D. The shallow borehole survey should be fairly extensive, 
ranging from sampling locations very near the unit to locations a t  the property 
boundaryand beyond. 

1 1.4.4.2 Gas Monitoring Wells 

Gas monitoring wells (See Section 11.6) should be installed to obtain data on 
subsurface gas concentrations a t  depths greater than the depth accessible with a 
bar punch probe. Wells should be installed to a depth equal to that of the unit. 
Multiple probe depths may be installed a t  a single location as illustrated in Figure 
11-3. Where buried material is fairly shallow (e.g., <lO-feet), single depth gas 
monitoring probes may be sufficient. When buried material exceeds this depth 
below ground, multiple depth probes should be installed. 

The location and depth of gas mo;itoring wells should be based on the 
presence of highly permeable zones (e.g., dry sand or gravel), alignment with offsite 
structures, proximity of the waste deposit, areas where there is dead or unhealthy 
vegetation (that may be due to gas migration), and any engineered channels which 
would promote the migration of a subsurfacegas release (e.g., utility lines). This 
information should be gathered during a review of subsurface conditions, as 
discussed previously. A t  a minimum, a monitoring well should be installed a t  the 
location(s) of expected m.aximum concentration(s), as determined or estimated 
during the initial monitoring phase. 

': Gas monitoring well installation usually requires the use of a drilling rig or 
power auger. Once a borehole has been drilled to the desired depth, the gas 
monitoring probes can be installed as illustrated in Figure 11-3. Additional 
information concerning the installation of subsurface gas monitoring wells is 
provided in Section 10 (Ground Water) and in Guidance Manual for the 
Classification of Solid Waste Disposal Facilities NTlS PB81-218505 (U.S. EPA, 1981). 
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Figure 11-3. Schematic of a Deep.Subsurface Gas Monitoring Well 
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Equilibration times of a t  least 24 hours should be allowed prior to collection of 
subsurface gas samples for analysis after well installation and between subsequent 
collection periods. Individual site characteristics or anomalies which can create 
significantly different subsurface conditions will require an increased number of 
wells to sufficiently determine the presence of gas migration. For example, if the 
predominant soil strata along one side of a unit changes from sandy clay to gravel, a 
well should be installed in both of these areas. Also, if the amount of gas producing 
waste buried at  the site varies greatly from one area to another, gas monitoring 
wells should be installed near each area of concern. 

Subsurface gas monitoring may be done concurrently with ground-water 
investigations (Section IO), because results of subsurface gas monitoring may 
provide useful information for identifying the overall extent of any ground-water 
contamination. 

1 1.4.4.3 Monitoring in Buildings 

Monitoring should also be conducted in surrounding structures near the areas 
of concern, since methane and other subsurface gas constituents migrating through 
the soil can accummulate in confined areas. Use of an explosimeter for methane is 
the recommended monitoring technique (See Section 11.6). 

Sampling should be conducted at  times when the dilution of the indoor air is 
minimized and the concentration of soil gas is  expected to be a t  i t s  highest 
concentration. Optimal sampling conditions would be after the building has been 
closed for the weekend or overnight and when the soil surface outside the building 
and over the unit of concern has been wet or frozen for several days. These 
conditions will maximize the potential for lateral migration of gas into buildings 
rather than vertically into the ambient air. Recommended sampling locations 
within the building include basements, crawl spaces, and around subsurface utility 
lines such as sewer or electrical connections. Access conduits such as manholes or 
meter boxes are good sampling locations for water, sewer, or gas main connections. 
Methane and, if appropriate, individual constituents should be monitored for. 

The threat of explosion from accumulation of methane within a building 
makes this monitoring activity important as well as dangerous. The monitoring of 

p- - 

11-28 ""568 



gas concentrations 

355 

within buildings is a simple process involvi.ng a walk through 
inspection of areas with portable field instruments (e.g., explosimiter). Such 
measurements should begin during the initial monitoring phase. The importance of 
identifying potential releases to buildings warrants a complete inspection of all 
suspect areas. The inherent danger during these investigatons warrants adequate 
health and safety procedures (See Section 6). 

If significant concentrations of methane or constituents are measured in 
surrounding structures during initial monitoring, subsequent monitoring may need 
to be expanded to include buildings a t  greater distances from the unit(s) of concern 
and to include additional constituents of concern. In addition, interim corrective 
measures should be considered. 

Background indoor air quality levels may be accounted for during the 
collection and evaluation of the in-building sampling data. Background levels can 
be accounted for by identifying potential indoor air emission sources (e.g., use of 
natural gas as a fuel or wood paneling which has the potentiat fclr formaldehyde 
emissions). further guidance on this subject is presentbed in the following reference: 

US. EPA. 1983. Guidelines for Monitorinq Indoor Air Quality. EPA- 600/1-4 
83-046. NTlS PB83-264465. Off ice of Research and Development. 
Washington, D.C. 20460. 

- 

11.4.4.4 Use of Predictive Models 

In addition to  monitoring potential gas releases using portable survey 
instruments, the owner or operator should consider the use of predictive models to 
estimate the configuration and concentration of gas releases. A subsurface gas 
predictive model has been developed by EPA to estimate methane gas migration 
from sanitary landfills. This model is based on site soil conditions, waste-related 
data, and other environmental factors. 

As part of the initial monitoring phase, the model provided in Appendix D (or 
another appropriate predictive model after consultation with the regulatory 
agency), should be used to estimate the extent of subsurface gas migration. Results 
from this model can be used in determining appropriate monitoring locations. The 
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methane gas migration model presented in Appendix D yields a methane 
concentration isopleth map of a release. The LEL and 0.25 LEL isopleths for methane 
should be mapped for the RFI when appropriate. Because predictive models may 
not be sensitive to relevant site conditions, however, model results should be used 
cautiously for the monitoring program design and to supplement actual field data. 

11 .S Data Presentation 

Subsurface gas data collected during the RFI should be presented in formats 
that clearly define the composition and extent of the release. The use of tables and 
graphs is highly recommended. Section 5.2 provides a detailed discussion of data 
presentation methods. 

11 S.1 Waste and Unit Characterization 

Waste and unit characteristics should be presented as: 

0 

0 

0 

0 

11 S.2 

Tables of waste constitutents and coqcentrations; . 

. .  

Tables of relevant physical and chemical properties of waste and 
potential contaminants; 

Narrative description of unit dimensions, operations, etc.; and 

Topographical map and plan drawlngs of facility and surrounding areas. 

Environmental Setting Characterization 

Environmental characteristics should be presented as follows: 

0 Tabular su'mmaries of annual and monthly or seasonal relevant climatic 
information (e.g., temperature, precipitation); 

0 Narratives and maps of soil and relevant hydrogeological characteristics 
such as porosity, organic matter content, and depth to ground water; 
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0 

0 

11.5.3 

Maps showing location of natural or man-made engineering barriers and 
likely migration routes; and 

Maps of geologic material a t  the site identifying the thickness, depth, 
and textures of soils, and the presence of saturated regions and other 
hydrogeological features. 

Characterization of the Release 

In general, release data should be initially presented in tabular form. To 
facilitate interpretation, graphs of concentrations of individual constituents plotted 
against distance from the unit should be used to identify migration pathways and 
areas of elevated concentrations. Concentration isopleth maps can also be drawn to 
identify the direction, depths, and distances of gas migration, and concentrations of 
constituents of concern. Specific examples of these and other data presentation 
methods are provided in Section 5. Methane concentrations should be presented in 
terms of the LEL and 0.25 LEL isopleths. Specific monitoring constituent 
concentrations should also be presented. 

11.6 Field Methods 

Field methods for subsurface gas investigations involve sample collection and 
analysis. Sample collection methods are discussed to summarize the monitoring 
techniques described above. Because subsurface gas monitoring is similar to air 
monitoring, the available methods for the collection and analysis of subsurface gas 
samples are presented here only in tabular format with further discussion in the air 
section of this document (Section 12). Tables 11-3 through 11-5 summarize various 
methodologies available to collect and analyze air samples. These methodologies 
range from real-time analyzes (e.g., methane explosimeten) to the collection of 
organic vapoo on sorbents or whole air samples with subsequent laboratory 
analysis. 

A portable gas chromatograph with a flame ionization detector (calibrated 
with reference to methane) can be used to measure methane concentrations in the 
field. Methane explosimeten (based on the principle of thermal conductivity) are 
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TABLE 11-3 
SUMMARY OF SELECTED ONSITE ORGANIC SCREENING METHODOLOGIES 

Methane explosion 
potential 

Instrument or 
detector 

Low ppm 

Century Series 100 

. (survey mode) 
or AID Model 500 

. 

GfG Gas Etechonics 
(Methanometer) 

National Mine Service 
Company 

Methane explosion 
potential 

Mine Safety 
Appliances, Inc. 

Low ppm 

I I I 
Comments Measurable Low range of 

parameters 1 detection 

Volatile organic 
species 

Low ppm Uses Flame Ionization 
Detector (FID) 

~-~ ~ ~~ -~ 

Sensitive to methane 

Methane explosion I Low ppm 
potential 
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also available and provide direct readings of LEL levels and/or percent methane 
present by volume. 

a 
Table 11-3 provides a l is t  of organic screening methodologies suited for 

detection of methane. Commercial monitoring equipment (direct reading) suitable 
for screening application are also available specifically for carbon dioxide, and 
sulfur dioxide. Similar field screening equipment are available for oxygen in order 
to check for the potential for intrusion of ambient air into the subsurface gas 
monitoring well. These screening monitors are available from most major industrial 
hygiene equipment vendors. Direct reading gas detection (e.g., draeger) tubes are 
also available for methane and other subsurface gas indicators for screening 
applications. 

It is important that all monitoring procedu'res be fully documented and 
supported with adequate QA/QC procedures. Information should include: 
locations and depths of sampling points, methods used (including sketches and 
photographs), survey instruments. used, date and time, atmospheric/soiI 
temperature, analytical methods, and laboratory used, if any. Also see Section 4 
(Quality Assurance and Quality Control). 

The three basic monitoring techniques available for sampling subsurface gas; 
above ground air monitoring, shallow borehole monitoring, and gas well 
monitoring are summarized below. b 

11.6.1 Above Ground Monitoring 

This technique consists of the collection of samples of the subsurface gas after 
it has migrated out of the soil or into engineered structures (e.g., within buildings 
or along under-ground utility lines.). Basically, there is no difference in the 
apparatus from that described for ambient air monitoring (Section 12). The 
locations a t  which sampling is conducted, however, are selected to focus on areas 
where gases might accumulate. Sampling methods can utilize various types and 
brands of portable direct-reading survey instruments (see Table 11-5). However, 
because methane gas is frequently the major component of the soil gas, those 
which are most sensitive to methane, such as explosimeten and FID organic vapor 

-7 
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analyzers, are the preferred instruments. More selective air sampling methods are 
used, however, for constituent analyses (see Section 12 - Air Methods). 

11.6.2 Shallow Borehole Monitoring 

- Shallow borehole monitoring involves subsurface gas monitoring to depths of 
up to 6 feet below the ground surface. Bar punches or metal rods which can be 
handdriven or hammered into the ground are used to make boreholes from which 
gas samples are removed. Table 11-6 provides the basic procedure for shallow and 
deep subsurface monitoring techniques. Sample collection should follow the same 
methods employed during above ground monitoring. 

Shallow borehole monitoring, as previously discussed, is a rapid screening 
method and, therefore, has its limitations. Two major limitations are that negative 
findings cannot assure the absence of a release a t  a greater depth and that air 
intrusion can dilute the measured concentration levels of the sample. Misleading 
results can also be obtained if the surface soil layer is contaminated (e.g., due to a 
spi I I). . 
11.6.3 Gas Well Monitoring 

Monitoring gas within wells will involve either the lowering of a sampiing - 

probe (made of a nonsparking material) through a sealed cap on the top of the well 
to designated depths, or the use of fi-xeddepth monitoring probes (see Figure 11-3 
and Table 11-6). The probe outlet is usually connected to the desired gas 
monitoring instrument. More information on gas well monitoring is provided in 
Sections 9 (Soil) and 10 (Ground Water). 

1 1.7 Site Remadirtion 

Although the RFI Guidance is not intended to provide detailed guidance on 
sites rernediation, it should be recognized that certain data collection activities that 
may be necessary for a Corrective Measures Study may be collected during the RFI. 
€PA has developed a practical guide for assessing and remediating contaminated 
site that - directs users toward technical support, potential data requirements and 

‘ 5 7 8 .  
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TABLE 1 1-6 

SUBSURFACE SAMPLING TECHNIQUES 

SHALLOW (Up to 6 ft deep) 

0 

- 0  

. o  

0 

0 

0 

Select sampling locations based on soil data and existing monitoring 
data. 

Penetrate soil to desired depth. A steel rod 112 to 314 inch diameter and a 
heavy hammer are sufficient. A bar punch equipped with insulated 
handles is better for numerous holes. I t  is a small, hand operated pile 
driverwith a sliding weight on the top. Hand augers may also be used. 

Insert inert (e.g., Teflon) tubing to bottom of hole. Tubing may be 
weighted or attached to a small diameter stick to assure that it gets to 
the bottom of the hole. Tubing should be perforated along bottom few 
inches to assure gas flow. 

Close top of hole around tubing using a gas impervious seal. 

Before sampling record well head pressure. 

Readings may be taken immediately after making the barhole. 

Attach meter or sampling pump and evacuate hole of air-diluted gases 
before recording gas concentrations or taking samples. 

When using a portable meter, begin with the most sensitive range (0-1 00 
percent by volume of the lower explosive limit (LEL) for methane). If 
meter is pegged, change to the next least sensitive range to determine 
actual gas concentration. 

Tubing shall be marked, sealed, and protected if sampling will be done 
later. 

- P .  - .“$n 
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TABLE 1 l-6(Continued) 

SUBSURFACE SAMPUNG TECHNIQUES 

0 If results are erratic the hole should be plugged and further readings 
taken a few minutes later. 

0 Monitoring should be repeated a day or two after probe installation to 
verify readings. 

DEEP (More Than 6 ft deep1 

0 Same general procedures as above. 

0 Use portable power augers or truck-mounted augers. 

0 For permanent monitoring points, use rigid tubing (e.g.: Teflon) and the 
generai construction techniques shown in Figure 11-4. 

. .  
CAUTION 

0 When using hand powered equipment, stop if any unusually high 
resistance is met. This resistance could be from a gas pipe or an electrical 
cable. 

Before using powered equipment, confirm that there are no 
underground utilities in the Iocation(s) selected (see Appendix C - 
Geo p h ysica I Tech n iq ues) . 

Use non-sparking equipment and procedures and monitor for methane 
explosive limits. 
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technologies that may be applicable to EPA programs such as RCRA and CERCM. 
The reference for this guide is provided below. 

US. €PA. 1988. Practical Guide for Assessina and Remediatina Contaminated 
- Sites. Office of Solid Waste and Emergency Response. Washington, 'D.C. 
20460. 

The guide is designed to address releases to ground water as well as soil, 
surface water and air. A short description of the guide is provided in Section 1.2 

. (Overall RCRA Corrective Action Process), under the discussion of Corrective 
Measures Study. 
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11.8 Checklist 

RFI CHECKLIST - SUBSURFACE GAS 

5 i te Na me/Loca t i o n 
Type of Unit 
1. Does waste characterization, include the following information? 

0 Physical form of waste 
.Chemical composition and concentrations 

0 
0 
0 
0 

Presence of biodegradeable waste components 
Quantities managed and dates of receipt 
Location of wastes in unit 
Waste material moisture content and temperature 
Chemical and physical properties of constituents 
of concern 

2. Does unit characterization include the following information? 
0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

. . ;i’,s 8.9 N. 
tr 

Age of unit 
Construction integrity 
Presence of liner (natural or synthetic) 
Location relative to ground-water table or bedrock or 
other-confining barriers 
Unit operation data 
Presence of cover or other surface covering to impede 
vertical gas migration 
Presence of gas collection system 
Presence of surrounding structures such as buildings 
and utility conduits 
Depth and dimensions of unit 
Inspection records 
Operation logs 
Past fire, explosion, odor complaint reports 

- 

(‘Y/N) 
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RFI CHECKLIST- SUBSURFACE GAS (Continued) 

3. 

4. 

5. 

0 Existing gadground-water monitoring data 
0 

Evidence of vegetative stress 
Presence of natural or engineered barriers near uni t  

Does environmental setting information include the following 
information? 

Definition of regional climate 

0 Definition of soil conditions 
0 

0 
0 

0 Identification of surrounding structures 

Definition of site-specific meteorological conditions 

Definition of site specific terrain 
Identification of subsurface gas migration routes 
Identification and location of engineered conduits 

Have the following data on the initial phase of the release 
characterization been collected? 

0 

. 

Extent and configuration of gas plume 
Measured methane and gaseous constituent 
concentration levels in subsurface soil and 
surrounding structures 
Sampling locations and schedule 

Have the following data on the subsequent phase(s) of the  release 
Characterization been collected? 

0 Extent and configuration of gas plume 
0 Measured methane and gaseous constituent 

concentration levels in subsurface soil and surrounding 
structures 
Sampling locations and schedule 

~~ 

(Y/N) 

3 8  3 
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APPENDIX C 

GEOPHYSICAL TECHNIQUES 

The methods presented in this Appendix have been drawn primarily from two 
sources. The first, Geophvsical Techniques for Sensina Buried Wastes and Waste 
Miaration (Technos, Inc., 1982) was written specifically for application a t  hazardous 
waste sites, and for an audience with limited technical background. Al l  of the 
surface geophysical methods discussed below can be found in this document. The 
second, Ge'ophvsical Explorations (US. Army Corps of Engineers, Engineering 
Manual 11 10-1-1802, 1979) is a more generic application-oriented manual which 
contains the borehole methods described in this section. 

Caution should be exercised in the use of geophysical methods involving the 
introduction or generation of an electrical current, particularly when contaminants 
are known or suspected to be present which have ignitable or explosive properties. 
The borehole methods are of particular concern due to the possible build up of 
large amounts of explosive or ignitable gases (e.g., methane). 

.) 

ELECTROMAGNETIC SURVEYS 

The electromagnetic (EM)" method provides a means of measuring the 
electrical conductivity of subsurface 50i1, rock, and ground water. Electrical 
conductivity is a function of the type of soil and rock, its porosity, permeability, and 
the fluids which fill the pore space. In most cases the conductivity (specific 
conductance) of the pore fluids will dominate the measurement. Accordingly, the 
EM method is applicable both to assessment of natural geohydrologic conditions 
and to mapping of many types of contaminant plumes. Additionally, trench 

'The term "electroma netic" has been used in contemporary literature as a 

radar and metal detectors whic are based on electromagnetic principles. 
However, this document will use electroma netic (EM) to specifically imply the 
measurement of subsurface conductivities 1 y low frequency electromagnetic 
induction. This is in keeping with the traditional use of the term in the geophysical 
industry from which the EM methods originated. 

t descriptive term for ot R er geoph sical methods, including ground penetrating 

* -3986 
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boundaries, buried wastes and drums, as well as metallic utility lines can be located 
with EM techniques. 

Natural variations in subsurface conductivity may be caused by changes in soil 
moisutre content, ground-water specific conductance, depth of soil cover over rock, 
and thickness of soil and rock layers. Changes in basic soil or rock types, and 
structural features such as fractures or voids may also produce changes in 
conductivity. Localized deposits of natural organics, clay, sand, gravel, or salt- rich 
zones will also affect subsurface conductivity. 

Many contaminants will produce an increase in free ion concentration when 
introduced into the soil or ground water systems. This increase over background 
conductivity enables detection and mapping of contaminated soil and ground 
water at  hazardous waste sites. Large amounts of 'organic fluids such as diesel fuel 
can displace the normal soil moisture, causing a decrease in conductivity which may 
also be mapped, although this is not commonly done. The mapping of a plume will 
usually define the local flow direction of contaminants. Contaminant migration 
rates can be estimated by comparing mqasurements taken a t  different times. 

The absolute values of conductivity for geologic materials (and contaminants) 
are not necessarily diagnostic in themselves, but the variations in conductivity, 
laterally and with depth, are significant. It is these variations which enable the 
Investigator to rapidly find anomalous conditions (See Figure C-1). - 

A t  hazardous waste sites, applications of EM can provide: 

0 Assessment of natural geohydrologic conditions; 

Locating and mapping of burial trenches and pits containing drums. 0 

. and/or bulk wastes; . 

Locating and mapping of plume boundaries; 

0. Determination of flow direction in both unsaturated and saturated 
zones; - -----_ 

' I  ' - .  c-3 
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Figure C-1. Block diagram showing EM principle of operations. 
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0 Rate of plume movement by comparing measurements taken a t  dif- 
ferent times; and 

- 
0 Locating and mapping of utility pipes and cables which may affect other 

geophysical measurements, or whose trench may provide a pathway for 
contaminant flow. 

' 

Chapter V of Geophvsical Techniques for Sensina Buried Wastes and Waste 
Miaration (Technos, Inc., 1982) should be consulted for further detail regarding use, 
capabilities, and limitations of electromagnetic surveys. 

- 
SEISMIC REFRACTION SURVEYS 

Seismic refraction techniques are used to determine the thickness and depth 
of geologic layers and the travel time or velocity of seismic waves within the layers. 
Seismic refraction methods are often used to map depths to specific horizons such 
as bedrock, clay layers, and the water table. In addition to  mapping natural 
features, other secondary applications o f  the seismic method include the locations 
and definition of burial pits and trenches. a 

Seismic waves transmitted into the subsurface travel a t  different velocities in 
various types of soil and rock, and are refracted (or bent) at  the interfaces between . 

- layers. This refraction affects their path of travel. An array of geophones 
(transducers that respond to the motion of the ground) on the surface measures the 
travel time of the seismic waves from the source to the geophones a t  a number of 
spacings. The time required for the wave to complete this path is  measured, 
permitting a determination to be made of the number of layers, the thicknesses of 
the layers and their depths, as well as the seismic velocity of each layer. The wave 
velocity in each layer is directly related to its material properties such as density and 
hardness. Figure C-2 depicts the seismic refraction technique. 

Seismic refraction can be used to define natural geohydrologic conditions, 
including thickness and depth of soil and rock layers, their composition and physical 
properties, and depth to bedrock or the water table. It can also be used for the 
detection and location of anomalous features, such as pits and trenches a,nd for 
evaluation of the depth of burial sites or landfills. 

, 
- 
589 . 
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Specific details regarding the use of seismic refraction surveys, and the 
capabilities and limitations of this method can be found in Chapter VI1 of 
Geophvsical Techniques for Sensina Buried Wastes and Waste Miqration (Technos, 
Inc., 1982). 

RESISTIVITY SURVEYS 

The resistivity method is used to  measure the electrical resistivity of the 
geohydrologic section which includes t h e  soil, rock, and ground water. Accordingly, 
t h e  method may be used to assess lateral changes and vertical cross- sections of the 
natural geohydrologic settings. In addition, it can be used to evaluate contaminant 
plumes and locate buried wastes at hazardous waste sites. Figure C-3 is a graphical 
representation of the concept of a resistivity survey. 

I 

Applications of the resistivity method at hazardous waste sites include: 

Locating and mapping contaminant plumes; 

Establishing direction and rate of flow of contaminant plumes; 

Defining burial sites by: 
- locating trenches, 
- defining trench boundaries, and 
- determining the depths of trenches; and 

Defining natural geohydrologic conditions such as: 
- depth to water table or to water-bearing horizons; and 
- depth to bedrock, thickness of soil, etc. 

. .  

Chapter VI of Geophysical Techniques for Sensinq Buried Wastes and Waste 
Miqration (Technos, Inc., 1982), discusses methods, use, capabilities, and limitations 
of the resistivity method. 

c-7 



Currant 

Ifate 

Currant FIOW I 
Through Earth 

Figure C-3. Diagram showing basic concept of resistivity measurement. 
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GROUND PENETRATING RADAR SURVEYS 

Ground penetrating radar (GPR)* uses high frequency radio waves to acquire 
subsurface information. From a small antenna which is moved slowly across the 
surface of the ground, energy is radiated downward into the subsurface, then 
reflected back to the receiving a.ntenna, where variations in the return signal are 
continuously recorded. This produces a continuous cross-sectional "picture" or 
profile of shallow subsurface conditions. These responses are caused by radar wave 
reflections from-interfaces of materials having different electrical properties. Such 
reflections are often associated with natural geohydrologic conditions such as 
bedding, cementation, moisture and clay content, voids, fractures, and intrusions, 
as well as man-made objects. The radar method has been used a t  numerous sites to 
evaluate natural soil and rock conditions, as well as to detect buried wastes. Figure 
C-4 depicts the ground penetrating radar method. 

Radar responds to changes in soil and rock conditions. An interface between 
two soil or rock layers having sufficiently'different electrical properties will show up 
in the radar profile. Buried pipes and other discrete objects will also be detected. 

' 

Radar has effectively mapped soil layers, depth of bedrock, buried stream 
channels, rock fractures, and cavities in natural settings. Radar applications include: 

0 Evaluation of the natural soil and geologic conditions; . 

0 Location and delineation of buried waste materials, including both bulk 
and drummed wastes; 

'CGPR nas been called by various names: ground piercing radar, ground probing 
radar, and subsurface impulse radar. It is also known as an electromagnetic 
method (which in fact it is); however, since there are many other methods which 
are also electromagnetic, the term GPR has come into common use today,La_aad+ . 
used herein. 

593' 
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Figure C-4. Block dia ram of ground penetrating radar system.Radar waves are 
relfected 3 rom soil/rock interface. 
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0 Location and delineation of contaminant plume areas; and 

0 Location and mapping of buried utilities (both metallic and nonmetallic). 

In areas where sufficient ground penetration is achieved, the radar method 
provides a powerful assessment tool. Of the geophysical methods discussed in this 
document, radar offers the highest resolution. Ground penetrating radar methods 
are further detailed in Chapter IV of Geocihysical Techniques for Sensinq Buried 
Wastes and Waste Miqration (Technos, Inc., 1982), as are this method's capabilities 
and limitations. 

MAGNETOMETER SURVEYS 

Magnetic measurements are commonly used to map regional geologic 
structure and to explore for minerals. They are also used to locate pipes and survey 
stakes or to map archeological sites. In addition, they are commonly used to locate 
buried drums and trenches. 

A magnetometer measures the intensity of the earth's magnetic field. The 
presence of ferrous metals creates variations in the local strength of that field, 
permitting their detection. A magnetometer's response is proportional to the mass 
of the ferrous target. Typically, a single drum can be detected a t  distances up to 6 
meters, while massive piles of drums can be detected a t  distances up to 20 meters or 
more. Figure C-5 shows the use of a magnetometer in detecting a buried drum. 

Magnetometers may be used to: 

0 Locate buried drums; . 

0 Define boundaries of trenches filled with ferrous containers; 

Locate ferrous underground utilities, such as iron pipes or tanks, and the 
permeable pathways often associated with them; and 
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Figure C-5. Simplified block diagram of a magnetometer. A magnetometer 
senses change in the earth's magnetic field due to buried iron drum. 
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0 Aid in selecting drilling locations that are clear of buried drums, 

underground utilities, and other obstructions. 

The use, capabilities, and limitations of magnetometer surveys at  hazardous 
waste sites are provided in Chapter IX of Geophysical Techniques for Sensinq Buried 
Wastes and Waste Miclration (Technos, Inc,, 1982). 

BOREHOLE GEOPHYSICAL METHODS 

There are several different types of borehole geophysical methods used in the 
evaluation of Subsurface lithology, stratigraphy, and structure. Much of the data 
collected in boreholes is analyzed in conjunction with surface geophysical data to 
develop a more detailed description of subsurface features. In this section, the 
major and most applicable types of borehole geophysical methods are identified 
and briefly discussed. They include: 

' 1. Electrical Surveys 
a. Spontaneous Potential 
b. Resistivity 

11. Nuclear Logging 
a. Natural Gamma 
b. Gamma Gamma 
c. Neutron 

111. Seismic Suweys 
a. Up and Down Hole b 

b. Crosshoie Tests 
c. Verlical Seismic Profiling 

IV. Sonic Borehole Surveys 
a. Sonic Borehole Imagery 
b. Sonic Velocity 

Y. Auxiliary Surveys 
a. Temperature 
b. Caliper 
c. Fluid Resistivity 

. .  

. .  

Al l  of the borehole methods presented in this section are detailed in the Army 
Corps of Engineers Geoohvsical Explorations Manual (Engineering Manual 11 10-1- 

1802, 1979), with the exception of vertical seismic profiling. This method i s  
relatively new and further information can be found in Batch and Lee, 1984: - 

* ,  

I 
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Electrical Surveys 

The two types of electrical subsurface surveys of geotechnical interest, both of 
which involve continuous logging with depth of the electrical characteristics of the 
borehole walls, are the spontaneous potential log and the borehole resistivity log. 

The spontaneous potential log (also.known as self potential) is a record of the 
variation with depth of naturally occurring electrical potentials (voltages) between 
an electrode a t  the depth in a fluid filled borehole and another a t  the surface 

The known origins for spontaneous potentials arise from. the eelative mobility 
and concentrations of the different elemental ions dissolved in the borehole fluid 
and the fluid in adjacent strata. The electrochemical activities of the minerals in the 
strata also.cause a component of the measured spontaneous potentials (Figure C-61. 
The relative senses and magnitudes of the several causes from which spontaneous 
potentials arise are affected by the nature of the borehole fluid, by the 
mineralogical characteristics of all the strata the borehole penetrates, and by the 
dissolved solid concentration in the ground water in all potential layers. 

The second type of electric survey is the electrical resistivity log. The electrical 
resistivity of strata is one of the basic parameters that correlates to lithology and 
hydrology. Direct access to individual layers of the subsurface materials by means of 
the borehole is the primary advantage of electrical resistivity 1og.ging over the more 
indirect use of apparent electrical resistivity surveys from the surface. 

- 

Electrical current can be passed through in situ earth materials between two 
electrodes. Electric fields created within the three dimensional earth medium are 
related to the medium's structure and the nature of the aqueous fluid in the 
medium. Figure C-7 demonstrates the conceptual field configuration for borehole 
electrical resistivity survey. 
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Figure C-6. Conceptual equivalent circuit for self-potential data (prepared by the 
Waterways Experiment Station, U.S. Army Corps of Engineers, 
Vicksburg, Mississippi). 
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Figure C-7. Single-point resistance log (prepared by the Waterways Ex eriment 
Station, U.S. Army Corps of Engineers, Vicksburg, Mississippiy. 
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Resistivity logging is a valuable tool in correlating beds from borehole to 

borehole. In addition, they can be used together with knowledge of ground water 
and rock matrix resistivities (obtained from samples) to calculate porosities and/or 
water saturations. Also, if porosity is known and a borehole temperature log is 
available, contaminant concentrations can be inferred by electrical resistivity 
variations. 

Nuclear Loaainq 

Nuclear borehole logging can be used quite effectively for borehole depths 
ranging from 10 to more than 1,000 feet. A t  considerable depths, as for large 
buried structures, nuclear logging is a vety effective means of expanding a small 
number of data points obtained from direct measurements on core samples to 
continuous records of clay content, bulk density, water content, and/or porosity. 
The logs are among the simplest to perform and interpret, but the calibrations 
required for meaningful quantitative interpretations must be meticulously 
complete in attention to detail and consideration of all factors affecting nuclear 
radiation in earth materials. Under favorable conditions, nuclear measurements 
approach the precisions of direct density tests on rock cores. The gamma-gamma 
density log and the neutron water content log require the use of isotopic sources of 
nuclear radiation. Potential radiation hazards mandate thorough training of 
personnel working around these sources. Strict compliance with US. NRC Title 10, 
Part 20, as well as local safety regulations, is required. Additional information on 
natural gamma, gamma-gamma, and neutron gamma methods is provided below. 

The natural gamma radiation tool is a passive device measuring the amount of 
gamma radiation naturally occurring in the strata being logged. The primary 
sources of radiation are trace amounts of the potassium isotope K a  and isotopes of 
uranium and thorium. K M  is most prevalent, by far, existing as an average of 0.012 
percent by weight of all potassium. Because potassium- is part of the crystal lattices 
of illites, micas, montmorillanites, and other clay materials, the engineering gamma 
log is mainly a qualitative indication of the clay content of the strata. , 

The natural gamma log is put to i ts  simplest and most frequently used 
applications in qualitative lithologic interpretation (specifically identification of 
shale and clay layers) and bed correlations from hole to hole. Since clay fragti.ons-- 0 
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frequently reduce the primary porosity and permeability of sediments, inferences as 
to those parameters may sometimes be possible from the natural gamma log. 
Environmentally based surveys may utilize the log for tracing radioactive pollutants. 
If regulatory restrictions allow the use of radioactive tracers, the natural gamma log 
can be used to locate ground water flow paths. The natural gamma radiation level 
is also a correction factor to the gamma-gamma density log. 

In the gamma-gamma logging technique, a radioactive source and detector 
are used to determine density variations in the borehole. An isotopic source of 
gamma radiation can be placed on the gamma radiation tool and shielded so that 
direct paths of that radiation from source to detector are blocked. The source 
radiation then permeates the space and materials near itself. As the gamma 
photons pass through the matter, they are affected by several facton among which 
is "Compton scattering." Part of each photon's energy is lost to orbital electrons in 
the scattering material. The amount of scattering is proportional to the number of 
electrons present. Therefore, if the portion of radiation able to escape through the 
logged earth materials without being widely scattered and 'de-energized i s  
measured, then that is an inverse active .measure of electron density. A schematic 
representation of the borehole gamma-gamma tool is shown in Figure C-8. 

The neutron water detector logging method is much like the gamma-gamma 
technique in that it uses a radioactive source and detector. The difference is that 
the neutron log measures water content rather than density of the borehole 
material. A composite isotopic source of neutron radiation can be placed on a 
probe together with a neutron detector. A neutron has about the same mass and 
diameter as a hydrogen nucleus and is much lighter and smaller than any'other 
geochemically common nucleus. Upon collision with a hydrogen nucleus the 
neutron loses about half its kinetic energy to the nucleus and is slowed down as well 
as scattered. Collision with one of thelarger nuclei scatters the neutron but 
does not slow it. After a number of collisions with hydrogen nuclei, a neutron is 
slowed, or it is captured by a hydrogen atom and produces a secondary neutron 
emission of thermal energy plus a secondary gamma photon. Detectors can be 
"tuned" to be sensitive to the epithermal (slowed) neutron or to the thermal 
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Figure C-8. Schematic of the borehole gamma-gamma density tool (prepared by 
the Waterways Experiment Station, U.S. Army Corps- of Engineers, 
Vicksburg, Mbsissippi). 
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neutron or to the gamma radiation. One of these detectors plus the neutron source 
is then a device capable of measuring the amount of hydrogen in the vicinity of the 
tool. In the geologic environment, hydrogen exists most commonly in water (HZO) 
and in hydrocarbons. If it can be safely assumed that hydrocarbons are not present 
in appreciable amounts, then the neutron-epithermal neutron, the neutron- 
thermal neutron, and the neutron-gamma logs are measures of the amount of 
water present if the tool is calibrated in terms of i ts  response to saturated rocks of 
various porosities. 

The neutron log can be used for hole to hole stratigraphic correlation. I t s  
designed purpose is to measure water quantities in the formation. Therefore, the 
gamma-gamma density, the neutron water detector, the natural ga.mma, and the 
caliper logs together form a "suite" of logs that, when taken together, can produce 
continuous interpreted values of water content, bulk density, dry density, void ratio, 
porosity, and pecent of water saturation. 

Seismic Surveys 

The principles involved in subsurface seismic surveys are the same as those 
discussed earlier under surface seismic surveys. The travel times for P- and 5- waves 
between source and detector are measured, and wave velocities are determined on 
the basis of theoretical travel paths. These calculated wave velocities can then be 
used-to complement and supplement other geophysical surveys conduded in the 
area of investigation. 

Three common types of borehole seismic surveys are discussed in this section. 
They include Uphole and Downhole surveys, Crosshole Tests, and Vertical Seismic 
Surveys. The applications and limitations are discussed for each of these methods. 

In the uphole and downhole seismic survey, a seismic signal travels between a 
point in a borehole and a point on the ground near the hole. In an uphole survey 
the energy source is in the borehole, and the detector on the ground surface; in a 
downhole survey, their positions are reversed. The raw data obtained are the travel 
times for this signal and distances between the seismic source and the geophones. 
A plot of travel time versus depth yields, from the slope of the curve, the average . 

_. 
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wave propagation velocities at various intervals in the borehole. Figure C-9 depicts a 
downhole seismic survey technique. 

Uphole and downhole surveys are usually performed to complement other 
seismic tests and provide redundancy in a geophysical test program. However, 
hecause these surveys force the  seismic signals to trqverse all of the strata between 
the  source and detector, they provide a means of detecting features, such as a low 
velocity layer u-nderlying a higher velocity layer of a "blind" or a hidden" zone (a 
layer with insufficient thickness and velocity contrast to be detected by surface 
refraction). 

Crosshole tests are conducted to determine the P- and S-wave velocity of each 
earth material or layer within the depth of interest through the  measurement of 
the arrival time of a seismic signal that has traveled from a source in one borehole 
to a detector in another. The crosshole test concept is shown in figure C-10. 

In addition to providing true P- and S-wave velocities as a function of depth, 
their companion purpose is to detect seismic anomalies, such as a lower velocity 
zone underlying a higher velocity zone or a layer with insufficient thickness and 
velocity contrast to be detected by surface refraction seismic tests. 

a 
The vertical.seismic profiling technique involves the recording of seismic waves 

at regular and closely spaced geophones in the borehole. The surface source can be 
stationary o'r it can be moved to evaluate seismic travel times to borehole 
geophones, calculate velocities, and determine the'nature of subsurface features in 
the vicinity of the  borehole. 

Vertical seismic profiling surveys are different from downhole surveys in that 
they provide data on not only direct path seismic signals, but reflected signals as 
well. By moving the surface source to discrete distances and azimuths from the 
borehole, this method provides a means of characterizing t h e  nature and con- 
figuration of subsurface interfaces (bedding, ground water-table, faults), and 
anomalous velocity zones around the  borehole. 
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Figure C-9. Downhole survey techniques for P-wave data (prepared by the 
Waterways Experiment Station, U.S. Army Corps of Engineers, 
Vicksburg, Mississippi). 
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Figure C-10. Basic crosshole test concept (prepared by the Waterways Ex eriment 
Station, U.S. Army Corps of Engineers, Vicksburg, Mississippir. 
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The interpretation of processed vertical seismic profiling data is used in 
conjunction with surface seismic surveys as well as other geophysical surveys in the 
evaluation of subsurface lithology, stratigraphy, and structure. Vertical seismic 
profiling survey interpretations also provide a basis for correlation between 
boreholes. 

Sonic Borehole Survevs 

In this section, two types of continuous borehole surveys involving high 
frequency sound wave propagation are discussed. Sound waves are physically 
identical to seismic P-waves. The term sound wave is usually employed when the 
frequencies include the audible range and the propagating medium is air to water 
Ultrasonic waves are also physically the same, except that the frequency range is 
above the audible range. 

The Sonic borehole imagery log provides a record of the surface configuration 
of the cylindrical wall of the borehole. Pulses of high frequency sound are used in a 
way similar to marine sonar to probe the wall of the borehole and, through 
electronic and photographic means, to create a visual image representing the 
surface configuration of the borehole wall. The physical principle involved is wave 
reflection from a high impedance surface, the same principle used in reflection 
seismic sumeying and acoustic subbottom profiling. The sonic borehole imagery 
logging concept is depicted in Figure C-11. 

The sonic borehole imagery log can be used to detect discontinuities in 
competent rock lining the borehole. Varying lithologies, such as shale, sandstone, 
and limestone, can sometimes be distinguished on high quality records by ex- 
perienced penonnel. 

Another method of sonic borehole logging is referred to as the continuous 
sonic velocity logging technique. The continuous sonic velocity logging device is 
used to measure and record the transit time of seismic waves along the borehole 
wall between two transducers as it is moved up or down the hole. A diagram of the 
continuous sonic velocity logging device is provided in Figure C-12. 
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FigureC-11. Sonic imagery logger (prepared by the Waterways Ex erirnent 
Station, US. Army Corp of Engineers, Vicksburg, Mississi ppif: 
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Figure C-12. Diagram of three-dimensional velocity tool (courtesy of Seismograph 

Service Corporation, Birdwell Division). 
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This subsurface logging method provides data on fractures and abrupt 
lithology changes along the borehole wall that can be effective in Characterizing 
the nature of surrounding material as well as borehole correlation in lithology and 
structure. 

. 

Auxiliarv Surveys 

An auxiliary survey is the direct measurement of some parameter of the 
borehole or its contained fluid to provide information that will either permit the 
efficient evaluation of the lithology penetrated by the boring or aid in the 
interpretation or reduction of the data from other borehole logging operations. In 
most instances, auxiliary logs are made where the property recorded is essential to 
the quantitative evaluation of other geophysical logs. In some instances, however, 
the auxiliary results can be interpreted and used directly to infer the existence of 
certain lithologic or hydrologic conditions. 

- 

Discussed here are three different auxiliary logs; fluid temperature, caliper, 
and fluid resistivity, that are especially applicable to the logging methods discussed 
in this text. A description of each auxiliary log is presented below. 

. 

Temperature logs are the continuous records of the temperature encountered . 
a t  successive elevations in a borehole. The two basic types of temperhture logs are 
standard (gradient) and differential. Both types of logs rely upon a. downhole 
probe, containing one or more temperature sensors (thermistors) and surface 
electronics to monitor and record the temperature changes encountered in a 
borehole. The standard temperature log is the result of a single thermistor 
continuously sensing the thermal gradient of the fluid in the borehole as the sonde 
is raised or lowered in the hole. The differential temperature log depicts the 
difference in temperature over a fixed interval of depth in the borehole by 
employing two thermistors spaced from one to several feet apart or through use of 
a single thermistor and an electronic memory to compare the temperature a t  one 
depth with that of a selected previous depth. 
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Temperature logs provide useful information in both cased and uncased 
borings and are necessary for correct interpretation of  other geophysical logs 
(particularly resistivity logs). Temperature logs can also be used directly to indicate 
the source and movement of water into a borehole, to identify aquifers, to locate 
zones of potential recharge, to determine areas containing wastes discharged into 
the ground, and to detect sources of thermal pollution. The thermal conductivity 
and permeability of rock formations can be inferred from temperature logs as can 
be the location of grout behind casing by the presence of anomalous zones of heat 
buildup due to the hydration of the setting cement. 

The caliper log is a record of the changes in borehole casing or cavity size as 
determined by a highly sensitive borehole measuring device. The record may be 
presented in the form of a continuous vertical profile of the borehole or casing wall, 
which is obtained with normal or standard caliper logging systems, or as a 
horizontal cross section at’ selected depths, used for measuring voids or large 
subsurface openings. There are two basic methods of obtaining caliper logs. One 
technique utilizes mechanically activated measuring arms or bown.springs, and the 
other employs piezoelectric transducers for sending and receiving a focused 
acoustic signal. The akoustic method requires that the hole be filled with water or 
mud, but the mechanical method operates equally well in water, mud, or air. 
Reliable mechanically derived caliper logs can be obtained in small (2 in.) diameter 
exploratory borings as well as large (36 in.) inspection or access calyx-type borings. . 

Caliper or borehole diameter logs represent one of the’most useful and 
possibly the simplest of all techniques employed in borehole geophysics. They 
provide a means for determining inhole conditions and should be obtained in al l  
borings in which other geophysical logs are contemplated. Borehole diameter logs 
provide information on subsudace lithology and rock quality. Borehole diameter 
varies with the hardness, fracture frequency, and cementation of the various beds 
penetrated. Borehole diameter logs can be used to accurately identify zones of 
enlargement (washouts) or construction (swelling), or to aid in the structural 
evaluation of an area by the accurate location of fractures or solution openings, 
particularly in borings where core loss has presented a problem. Caliper logs also 
are a means of identifying the more porous zones in a boring by locating the 
intervals in which excessive mud filter cake has built up on the walls of the 
borehale, ,One of the major uses of standard or borehole caliper logs IS to provide 
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information by which other geophysically derived raw data logs can be corrected 
for borehole diameter effects. This is particularly true for such nonfocused logs as . 
those obtained in radiation logging or the quantitative evaluation of flowmeter 
logs or tracer and water quality work where inhole diameters must be considered. 
Caliper logs also can be useful to evaluate inhole conditions for placement of water 
well screens or for the selection of locations of packers for permeability testing. 

The fluid resistivity log is a continuous graphical record of the resistivity of the 
fluid within a borehole. Such records are made by measuring the voltage drop 
between two closely spaced electrodes enclosed within a downhole probe through 
which a representative sample of the borehole fluid is channeled. Some systems, 
rather than recording in units of resistivity, are designed to provide a log of fluld 
conductivity. As conductivity is merely the reciprocal of resistivity, either system can 
be used to collect the information on inhole fluid required for the correct 
interpretation of other downhole logs. 

The primary use of fluid resistivity or conductivity logs is to  provide 
information for the correct interpretation of other borehole logs. The evaluation of 
nuclear and most electrical logs requires corrections for salinity of the inhole fluids, 
particularly when quantitative parameters are desired for determining porosity 
from formation resistivity logs. 
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APPENDIX 0 

SUBSURFACE GAS MIGRATION MODEL 

METHANE MIGRATION DISTANCE PREDICTION CHARTS 

Migration distance charts have been developed to estimate methane distances 
and to plan the monitoring program. The basic methane migration distance 
prediction chart and appropriate corrective factor charts were produced by 
imposing a set of simplifying assumptions on a general methane migration 
computer model. These charts are based on a number of assumptions that were 
made to produce them. Case Study Number 24 (Volume IV) illustrates the use of the 
Subsurface Gas Migration Model. 

To illustrate the use of the charts, an example landfill is shown in Figure D-1 
along with two cross-sections. Conditions along each side of the waste deposit are 
typical conditions that could be encountered. A similar sketch or plan of a facility' 
being evaluated should be prepared. The land use within 1/4-mile of the solid waste 
limits, including offsite and facility structures, should be on the map. The property 
boundaries and solid waste deposit limits should also be plotted, as has been done 
in Figure 0-1. 

Additional data needs are: 

1. 

2. 

3. 

4. 

The age of the site from the initia1,deposit of organic waste in years; 

The average elevation of the bottom of the solid waste; 

Natural boundaries and topography around the site; and 

The average elevation below the solid waste of a gas impervious 
boundary such as unfractured rock. 

0- 2 . .  
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FIGURE 0-1. EXAMPLE LANDFILL 
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Two calculations of migration distance from the waste boundary are needed 
for each side of the landfill: 

1. The 5 percent (Lower Explosion Limit or LEL) distance for property 
boundaries. 

2. The 1.25 percent (114 of the LEL) distance for onsite facility structures. ' 

After preparation of the sketch and cross-sections, the determination of the 
estimated migration distances begins with the use of Figure 0-2 for the 5 percent 
methane (LEL) migration distance and for the 1.25 percent (1/4 LEL) distance. These 
distances are then modified, if necessary, with the corrective factors for each depth 
and surrounding soil surface permeability (Figures 0-3 and 0-4). The final distances 
of migration for each side of the landfill can then be plotted on the landfill sketch ' 
for comparison to property boundary and structures locations. 

UNCORRECTED MIGRATION DISTANCES 

The use of Figure 0-2 requires the age of the site and the type of soil 
extending out from each side of the solid waste deposit. The graph is entered with 
the site age, moving up to the appropriate soil type and methane concentration 
(1.25 or 5 percent). Interpolations between the sand and clay lines on the graph can 
be made for othersoils, using the following general guidance: 

Soil Name 

Clean (no fines) 
gravels and sands 

Silty gravels and sands, 
silt, s i l t y  and sandy. 
loam, organic silts 

Clayey gravels and 
sands, lean, fat, and 
organic clays 

uscs Classification 

GW, GP, SW, SP 

GM, SM, ML, OL, MH 

GC, SC, CL, CH, OH 

Chart Use 

Sand 

Interpolate 

Clay 

0-4 
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The uncorrected migration distance from the solid waste limit can then be 
read on the left for the appropriate site age and soil type. 

If the soil along a given boundary is stratified and the variability extends from 
the waste deposit to the property boundary, the most permeable unsaturated 
thickness should be used in entering the charts. For example, if dry, clean sand 
underlies surficial silty clays, the uncorrected migration distance should be obtained 
using the sand line of the chart. If there are questions as to the extent of particular 
soils along a boundary, helpful information might be obtained from Soil 
Conservation Services (SCS) Soil Survey Maps or the landfill operator. Field 
inspection, SCS maps, and permit boring information are sufficient. Additional 
borings are not necessary as this is only a ranking procedure. Where there is doubt, 
use the'most permeable soil group present. 

For the example landfill .in Figure 0-1, the uncorrected 5 percent methane 
migration distances for a 10-year old landfill would be (Figure C-2): 

Section A-A: East side, 10 years, sand 3- 165' 
West side, 10 years, sdnd = 165' 

Section 8-8: South side, 10 years, sand = 165' 
North side, 10 years, clay f 130' 

The corresponding uncorrected distances for the 1.25 percent methane 
migration would be: 

Section A-A: 
. 

East side, 10 years, sand = 225' 
West side, 10 years,.sand = 135' 

Section 8-8: South side, 10 years, sand = 255' 
North side, 10 years, clay = 200' 

The depth to corrective mulitpliers for the example sites would be: 

Section A-A: 

; Szj? 
East side, 10 yean, 20' deep = 1 .O 
West side, 10 years, 20' deep = 1 .O 

0-8 
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Section B-8: South side, 10 years, 10' deep = 0.95 
North side, 10 years, 50' deep = 1.4 

VENTING CONDITIONS CORRECTION 

. The corrective factors for the surrounding soil venting conditions are obtained 
using the chart in Figure D-4. This chart is based on the assumption that the 
surrounding surficial soil is impervious 100 percent of the time. Thus, the value read 
from the chart must be adjusted, based on the percentage of time the surrounding 
surficial soil is saturated or frozen and the percentage of land along the path of gas 
migration from which gas venting to the atmosphere is blocked all year (asphalt or 
concrete roads or parking lots, shallow perched ground water, surface water bodies 
not interconnected to ground water). The totally 'impervious corrective factor is 
only used when the landfill is entirely surrounded at all times by these conditions. 
Both time and area adjustments are necessary, and the percentages are additive. 
Estimates to the nearest 20 percent are sufficient. An adjusted corrective factor is 
obtained by entering the chart with site.age and obtaining the totally impervious 
corrective factor for the appropriate depth and soil type and then entering this 
value in the following equation: 

Adjusted corrected factor I [(Impervious corrective factor)-l)] 
x [S of impervious time or area] + 1 

.. . 

When free venting conditions are prevalent most of the year, simply use 1.0 
(no correction). For depths less than 25 feet deep, use the 25 foot value. For the 
example site, the adjusted corrective factors for frozen or wet soil conditions 50 
percent of the year are: 

Section A-A: East side (ignore narrow = (2.1-l)(O.SO) + 1 = 1.55 
road, sand 20' deep, 
10 years old) 

. Westside(sand 20'deep, = (2.1-1)(0.50) + 1 = 1.55 
10 years old) 

622 
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Section 6-8: South side (sand, lo'deep, = (2.1-1)(0.50) + 1 I 1.55 
10 years old) 

North side (clay, SO' deep, = (1.4-1)(0.50) + 1 = 1.2 
10 years old) 

Once the surface venting factors have been tabulated as in Table 0-1, the 
corrective distance can be obtained by multiplying across the chart for each side of 
the landfill. These values can then be plotted on the scale plan to describe contours 
of the 5 percent and 1.25 percent methane concentrations or simply compared to  
the distance from the waste deposit t o  structures of concern (Figure 0-5). 
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APPENDIX E 

ESTIMATION OF BASEMENT AIR CONTAMINANT CONCENTRATIONS DUE TO 
VOLATILE COMPONENTS IN GROUND WATER SEEPED INTO THE BASEMENT 
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ESTIMATION OF B, 

APPENDIX E 

SEMENT AIR CONTAMINANT COr-CENTR ITIONS 01 E TO 
VOLATILE COMPONENTS IN GROUND WATER SEEPED INTO THE BASEMENT 

Ground water can reach the basement and the walls of a house-in several 
ways. If ground water is contaminated by volatile components, there are several 
possibilities that the indoor ambient air can be affected by these constituents. 
There are several methods which can be applied to estimating the ambient air 
concentrations in the basement into which the contaminants are volatilized from 
ground water. The manner in which and the extent to which the ground water 
reaches the basement or the walls will dictate the choice of a method. 

Two cases are considered as example scenarios: Case 1) Ground water is 
seeped inside the basement completely wetting the basement, with a visual 
indication of water on the floor. Case 2) The basement is partially wetted without 
a visual indication of liquid on the floor. This latter case can be subdivided into two 
subcases: Subcase 1) involving a damp floor evident on the surface; Subcase 2) 
involving a floor without observable dampness on the floor surface but with ground 
water underneath the concrete floor. 

The way the emission rates are estimated will be different for the three cases. 
If the emission flux rate per unit square area of the exposed surface is denoted by E 
(g/m2 day), then in all cases the air concentration, C (~g/m3), in the basement can be 
estimated from: 

where A 3 basement floor and wall area exposed to ground water, m2 

V8 = volume of the basement, m3, and 

3 air exchange time for the basement, days. 

E-2 
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The air exchange time should be determined on a site-specific or situation- 

specific basis. The tight room will have a longer time per air exchange in the room, 
and the room with an exhaust fan will have a shorter time per air exchange. The 
default value for a typical house could be & = 0.05 days. 

a 

-. The emission rates in Eq. (1) can be estimated for the various case scenarios 
illustrated above. 

Case 1. Wet basement with visible liquid. 

The volatilization is a mass transfer phenomenon from the liquid phase of 
ground water on the floor to the basement air. Emission flux rate can be estimated 
from: 

E = KOL (CL- CL') 

where KOL = overall mass transfer coefficient in the liquid phase unit, m/day, CL = 
concentration of contaminant in water, g/m3, and CL* = liquid phase concentration 
in equilibrium concentration with the basement air, g/m3. The equilibrium 
concentration C' could be assumed to be approaching a small value compared to 
the ground water contaminant concentration when the air exchange rate is high, or 
when the time per air exchange is small. But this assumption would not be valid at  a 
low air exchange rate or at  a longer time for a room air exchange. In this case, the 
emission flux rate should be estimated by a trial and error method using Equation 
(2) in combination with Equation (11, and Henry's Law constant. 

' 

It is a well-established scientific principle to use the two-resistance theory to 
obtain the overall mass transfer coefficient, KOL as follows: 

4 . 

where kL and k, = individual mass transfer coefficien?s in liquid and gas phases, 
respectively, m/day, and HC = dimensionless Henry's Law constant obtained from 

, I  e ,, 
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Concentration units for gas and liquid phase concentrations. The numerical value 
for Hc can be calculated from Henry’s Law constant given in atm/g-mol.m3 by 
multiplying by 41. Default values for the individual mass transfer coefficients can be 
estimated from: 

. 
where MW = molecular weight of the contaminant. 

Case 2. Basement partially wetted with novisual indication of liquid. . 

(a) Subcase 1. Dampness evident on the floor or wall surface. The 
volatilization process can be treated as a diffusional process from the air a t  the 
water-air interface through the air pores in the basement floor material and into 
the basement air. The diffusional process can be solved using the approach 
described in the EPA report Development of Advisorv Levels for Polvchlorinated 
Biphenyls (PCBs) Cleanup (PB86-232774). The final result needed for emission flux 
estimation would be: 

629 - 

. ’ E -4 



355 
where E. = porosity of the floor material, Dei = effective diffusivity in the air pores 
( = Di ‘E. In), m2/day, Di = molecular diffusivity, mVday, T = averaging time, days, 
and a o Dei C/(B +. (l-c))/HC. If steady state conditions are achieved as a result of a 
continuous supply of contaminated water to the floor surface, it may be more 
appropriate to treat the emission rate problem using Eq. (2) rather than Eq. (6). 

(b) Subcase 2. No dampness evident on the floor or wall surface but ground 
water underneath the basement or wall material. Diffusion through the air space 
of the floor or wall material will result in a slow release of volatile contaminants 
from ground water to the basement air. The steady state flux rate can be estimated 
from: 

h (7) 

where h = thickness of the barrier between the surface of ground water and the 
air-basement floor interface, rn. When the basement air concentration is small 
compared to the H c C ~  term in Eq. (7), the C term can be ignored in estimating c from 
Eq. (7). Otherwise Eq. (7) should be solved along with Eq. (1) requiring a trial and 
error solution. 

0 
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METHOD 1312 

SYNTHETIC PRECIPITATION LEACH TEST FOR SOILS - - - ~-. 
1.0 SCOPE AND APPLICATION 

1.1 Method 1312 is  d e s i q n e d  t o  determine t h e  m o b i l i t y  o f  
b o t h  o r q a n i c  and  i n o r g a n i c  c o n t a m i n a n t s  p r e s e n t  i n  s o i l s .  

1 . 2  I f  a t o t a l  a n a l y s i s  o f  t h e  s o i l  d e m o n s t r a t e s  t h a t  i n -  
d i v i d u a l  c o n t a m i n a n t s  are  n o t  p r e s e n t  i n  t h e  s o i l ,  or t h a t  t h e y  
are p r e s e n t  b u t  a t  s u c h  l o w  c o n c e n t r a t i o n s  . t h a t  t h e  a p p r o p r i a t e  
r e g u l a t o r y  t h r e s h o l d s  c o u l d  n o t  p o s s i b l y  be e x c e e d e d ,  Method 
1 3 1 2  need  n o t  be r u n .  

2.0 SUMMARY OF METHOD 

2.1 The p a r t i c l e  s i t e  of t h e  s o i l  is r e d u c e d  ( i f  n e c e s s a r y )  
and  is ex t rac ted  w i t h  a n  amount  o f  e x t r a c t i o n  f l u i d  e q u a l  t o  20 
times t h e  w e i g h t  o f  t h e  so i l .  The e x t r a c t i o n  f l u i d  employed  is 
a f u n c t i o n  o f  t h e  r e g i o n  of t h e  c o u n t r y  w h e r e  t h e  s o i l  s i t e  is  
located. 
v o l a t i l e s .  F o l l o w i n q  e x t r a c t i o n ,  t h e  l i q u i d  ex t r ac t  is s e p a r a t e d  

3.0 INTERFERENCES 

A special  e x t r a c t o r  v e s s e l  is u s e d  when t e s t i n g  f o r  

.from t h e  s o i l  by 0 . 6 - 0 . 8  um g l a s s  f i b e r  f i l t e r .  

3 .1  P o t e n t i a l  i n t e r f e r e n c e s  t h a t  may be  e n c o u n t e r e d  d u r i n g  
a n a l y s i s  a r e  d i s c u s s e d  i n  t h e  i n d i v i d u a l  a n a l y t i c a l  methods. 

4 .0  APPARATUS AND MATERIALS 

4 . 1  A g i t a t i o n  a p p a r a t u s  - a n  acceptable  a g i t a t i o n  a p p a r a t u s  
is o n e  which  is capable o f  r o t a t i n g  t h e  e x t r a e t i o n  v e s s e l  i n  a n  
end-over -end  f a s h i o n  a t  30 + 2 rpm (see F i g u r e  1 ) .  S u i t a b l e  
d e v i c e s  known t o  EPA are  i d e n t i f i e d - i n  T a b l e  2. . 

those t h a t  a r e  l i s t e d  below: 
4.2 E x t r a c t i o n  v e s s e l  - a c c e p t a b l e  e x t r a c t i o n  v e s s e l s  a r e  

4.2.1 Zero Headspace E x t r a c t i o n  Vessel ( Z H E )  - T h i s  
d e v i - c e  is f o r  u s e  o n l y  when t h e  s o i l  is b e i n q  tes ted f o r  t h e  
m o b i l i t y  o f  v o l a t i l e  c o n s t i t u e n t s  (see T a b l e  1 ) .  The Z H E  is a n  
e x t r a c t i o n  v e s s e l  t h a t  a l l o w s  f o r  l i a u i d / s o l i d  s e p a r a t i o n  w i t h i n  
t h e  d e v i c e  and  wh ich  e f f e c t i v e l y  p r e c l u d e s  h e a d s p a c e  ( a s  d e p i c t e d  
i n  F i g u r e  3 ) .  T h i s  t y p e  o f  v e s s e l  a l l o w s  f o r  i n i t i a l  l i q u i d / s o l i d  
s e p a r a t i o n ,  e x t r a c t i o n ,  and  f i n a l  e x t r a c t  f i l t r a t i o n  w i t h o u t  
h a v i n g  t o  o p e n  t h e  v e s s e l  (see S t e p  4 . 3 . 1 ) .  T h e s e  v e s s e l s  s h a l l  
h a v e  a n  i n t e r n a l  volume o f  500 t o  600 mL a n d  be  e q u i p p e d  t o  
accommodate a 90-mm f i l t e r .  S u i t a b l e  Z H E  d e v i c e s  k n o w n  t o  EPA 
a r e  i d e n t i f i e d  i n  T a b l e  3. T h e s e  d e v i c e s  c o n t a i n  v i t o n  O-r inas  
wh ich  s h o u l d  be r e p l a c e d  f r e q u e n t l y .  
f o r  use,  t h e  p i s t o n  w i t h i n  t h e  Z H E  s h o u l d  be  a b l e  t o  b e  moved 

For t h e  Z H E  t o  be a c c e p t a b l e  

1312-1 R e v i s i o n  0 
December 1988 
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w i t h  a p p r o x i m a t e l y  1 5  P s i  or less. I f  i t  t a k e s  more p r e s s u r e  
t o  move t h e  p i s t o n ,  t h e  O-r ings  i n  t h e  d e v i c e  s h o u l d  be r e p l a c e d .  
I f  t h i s  does n o t  s o l v e  t h e  p rob lem,  t h e  ZHE is u n a c c e p t a b l e  f o r  
1312  a n a l y s e s  and  t h e  m a n u f a c t u r e r  s h o u l d  be c o n t a c t e d .  The  ZHE 
s h o u l d  be c h e c k e d  a f t e r  e v e r y  e x t r a c t i o n .  I f  t h e  d e v i c e  con-  
t a i n s  a b u i l t - i n  p r e s s u r e  gauge ,  p r e s s u r i z e  t h e  d e v i c e  t o  
50 p s i ,  allow i t  t o  s t a n d  u n a t t e n d e d  f o r  1 h o u r ,  and  recheck 
t h e  p r e s s u r e .  
g a u a e ,  p r e s s u r i z e  t h e  d e v i c e  t o  50 p s i ,  submerge  i t  i n  water 
and  c h e c k  f o r  t h e  p r e s e n c e  o f  a i r  b u b b l e s  e s c a p i n g  f rom a n y  
o f  t h e  f i t t i n g s .  I f  p r e s s u r e  is l o s t ,  c h e c k  a l l  f i t t i n q s  and  . 

i n s p e c t  and  replace O- r ings ,  i f  n e c e s s a r y .  Retest t h e  d e v i c e .  
I f  leakage p r o b l e m s  c a n n o t  be s o l v e d ,  t h e  m a n u f a c t u r e r  s h o u l d  
be  c o n t a c t e d .  

I f  t h e  d e v i c e  does n o t  h a v e  a b u i l t - i n  p r e s s u r e  

4.2.2 When t h e  s o i l  is b e i n g  e v a l u a t e d  f o r  o ther  t h a n  
v o l a t i l e  c o n t a m i n a n t s ,  a n  e x t r a c t i o n  v e s s e l  t h a t  d o e s  n o t  p r e -  
c l u d e  h e a d s p a c e  (e.g. a 2 - l i t e r  bo t t l e )  is used .  S u i t a b l e  
e x t r a c t i o n  v e s s e l s  i n c l u d e  bot t les  made from v a r i o u s  mater ia ls ,  
d e p e n d i n g  on  t h e  c o n t a m i n a n t s  to be a n a l y z e d  and  t h e  n a t u r e  of t h e  
waste (see S t e p  4.3.3) .  I t  is recommended t h a t  b o r o s i l i c a t e  
g lass  b o t t l e s  be u s e d  o v e r  o t h e r  t y p e s  o f  g l a s s ,  e s p e c i a l l y  

. when i n o r g a n i c s  are o f  c o n c e r n .  P l a s t i c  b o t t l e s  may be u s e d  
o n l y  i f  i n o r g a n i c s  are t o  be i n v e s t i g a t e d .  Bottles a re  a v a i l a b l e  
from a number of l a b o r a t o r y  s u p p l i e r s .  When t h i s  t y p e  of ex- 
t r a c t i o n  v e s s e l  is u s e d ,  t h e  f i l t r a t i o n  d e v i c e  d i s c u s s e d  i n  
S t ep  4.3.2 is u s e d  f o r  i n i t i a l  l i q u i d / s o l i d  s e p a r a t i o n  and f i n a l  
e x t r a c t  f i l t r a t i o n .  

4.2.3 Some ZHEs u s e  gas p r e s s u r e  t o  ac tua t e  t h e  ZHE p i s t o n ,  
w h i l e  others u s e  m e c h a n i c a l  p r e s s u r e  (see T a b l e  3 ) .  Whereas 
t h e  v o l a t i l e s  p r o c e d u r e  (see S tep  7 . 4 )  r e f e r s  t o  pounds-per -  
s a u a r e  i n c h  ( p s i ) ,  f o r  t h e  m e c h a n i c a l l y  a c t u a t e d  p i s t o n ,  t h e  
p r e s s u r e  a p p l i e d  is measured  i n  to rque - inch -pounds .  R e f e r  t o  
t h e  m a n u f a c t u r e r ' s  i n s t u c t i o n s  as t o  t h e  p r o p e r  c o n v e r s i o n .  

4 .3  F i l t r a t i o n  devices - I t  is recommended t h a t  a l l  f i l t r a t i o n s  
be performed i n  a hood. 

4.3.1 Zero-Headspace E x t r a c t o r  Vessel (see F i g u r e  3 )  - 
When the  waste is b e i n g  e v a l u a t e d  f o r  v o l a t i l e s ,  t h e  z e r o -  
headspace e x t r a c t i o n .  v e s s e l  is used f o r  f i l t r a t i o n .  The d e v i c e  
s h a l l  be capable o f  s u p p o r t i n g  and  k e e p i n g  i n  p l a c e  t h e - f i b e r  
f i l t e r ,  and  be ab le  t o  w i t h s t a n d  t h e  p r e s s u r e  needed  t o  a c c o m p l i s h  
s e p a r a t i o n  ( 5 0  p s i ) .  

- NOTE: When is i t  s u s p e c t e d  t h a t  t h e  g l a s s  f i b e r  f i l t e r  
h a s  been  r u p t u r e d ,  a n  i n - l i n e  g l a s s  f i b e r  f i l t e r  may b e  
used t o  f i l t e r  t h e  ma te r i a l  w i t h i n  t h e  ZHE. 

4.3.2 F i l t e r  h o l d e r  - when t h e  s o i l  is b e i n g  e v a l u a t e d  
f o r  o t h e r  t h a n  v o l a t i l e  compounds, a f i l t e r  h o l d e r ' c a p a b l e  of 
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s u p p o r t i n g  a g l a s s  f i b e r  f i l t e r  and a b l e  t o  w i t h s t a n d  50 p s i  
or more of p r e s s u r e  s h a l l  b e  u s e d .  These  d e v i c e s  s h a l l  h a v e  a 
minimum i n t e r n a l  volume of 300 mL a n d  b e  e q u i p p e d  t o  accomodate 
a minimum f i l t e r  s i t e  Of  47 mm ( f i l t e r  h o l d e r s  h a v i n g  a n  
i n t e r n a l  c a D a c i t y  o f  1.5 l i t e r s  or grea'ter a r e  recommended) .  

4.3.3 Materials of c o n s t r u c t i o n  - f i l t r a t i o n  d e v i c e s  s h a l l  
be  made o f  i n e r t  materials which  w i l l  n o t  leach o r  absorb  s o i l  
components .  Glass, p o l y t e t r a f l u o r o e t h y l e n e  (PTFE) o r  t y p e  3 1 6  
s t a i n l e s s  s t ee l  e q u i p m e n t  may b e  u s e d  when e v a l u a t i n g  t h e  m o b i l i t y  
of b o t h  o r g a n i c  a n d  i n o r g a n i c  components .  D e v i c e s  made of h i q h  
d e n s i t y  p o l y e t h y l e n e  (HOPE), p o l y p r o p y l e n e ,  or p o l y v i n y l  c h l o r i d e  
may b e  u s e d  o n l y  when e v a l u a t i n g  t h e  m o b i l i t y  o f  metals .  Boro- 
s i l i c a t e  g lass  bo t t l e s  are recommended f o r  u s e  o v e r  o t h e r  t y p e s  
of g l a s s  b o t t l e s ,  e s p e c i a l l y  when i n o r g a n i c s  a r e  c o n s t i t u e n t s  
of c o n c e r n .  

4.4  F i l t e r s  - f i l t e r s  s h a l l  be  made o f  b o r o s i l i c a t e  g l a s s  
f i b e r ,  s h a l l  have a n  e f f e c t i v e  p o r e  s i z e  o f  0 . 6  - 0 . 8  um and 
s h a l l  c o n t a i n  no  b i n d e r  materials. F i l t e r s  known to  EPA t o  meet 
t h e s e  r e q u i r e m e n t s  are  i d e n t i f i e d  i n  T a b l e  5. When e v a l u a t i n g  t h e  
m o b i l i t y  o f  metals,  f i l t e r s  s h o u l d  be ac id-washed  p r i o r  t o  u s e  
by r i n s i n g  w i t h  1 . O N  n i t r i c  a c i d  f o l l o w e d  by t h r e e  c o n s e c u t i v e  r i n s e s  
w i t h  d e i o n i z e d  d i s t i l l e d  water ( a  minimum o f  l - l i t e r  p e r  r i n s e  is 
recommended).  G las s  f i b e r  f i l t e r s  a re  f r a g i l e  and  s h o u l d  be h a n d l e d  
w i t h  care. 

4.5 pH meters - a n y  o f  t h e  commmonly a v a i l a b l e  pH meters a r e  

4 . 6  Z H E  e x t r a c t  c o l l e c t i o n  d e v i c e s  - TEDLAR baqs,  g l a s s ,  s t a i n -  

acceptable.  

less s t e e l  or PTFE gas t i g h t  s y r i n g e s  are  u s e d  t o  co l l ec t  t h e  v o l a t i l e  
e x t r a c t  . 

4 . 7  L a b o r a t o r y  b a l a n c e  - any  l a b o r a t o r y  balance a c c u r a t e  t o  
w i t h i n  + 0 . 0 1  g may be u s e d  ( a l l  w e i g h t  measu remen t s  a r e  t o  b e  w i t h i n  - + 0 .1  gT. 

4 .8  Z H E  e x t r a c t i o n  f l u i d  t r a n s f e r  d e v i c e s  - any  d e v i c e  c a p a b l e  
o f  t r a n s f e r r i n g  t h e  e x t r a c t i o n  f l u i d  i n t o  t h e  Z H E  w i t h o u t  c h a n g i n g  
t h e  n a t u r e  o f  t h e  e x t r a c t i o n  f l u i d  is recommended. 

5.0 REAGENTS . 

' 5 . 1  R e a g e n t  water . -  r e a g e n t  water  is d e f i n e d  a s  water  i n  
w h i c h  a n  i n t e r f e r e n t  is n o t  o b s e r v e d  a t  or a b o v e  t h e  method 
d e t e c t i o n  l i m i t  o f  t h e  a n a l y t e ( s 1  o f  i n t e r e s t .  F o r  n o n - v o l a t i l e  
e x t r a c t i o n s ,  ASTM Type  I1 water, o r  e q u i v a l e n t  meets t h e  d e f i n i t i o n  
of  r e a g e n t  water. For v o l a t i l e  e x t r a c t i o n s ,  i t  is recommended 
t h a t  r e a g e n t  water be q e n e r a t e d  by a n y  of t h e  f o l l o w i n g  me thods .  
R e a g e n t  water  s h o u l d  be monitored p e r i o d i c a l l y  for i m p u r i t i e s .  
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5.1.1 Reagent water for volatile extractions may be 

generated by passinq tap Water throuqh a carbon filter bed 
containing about 500 g of activated carbon (Calgon Corp., 
Filtrasorb 300 o r  euuivalent). 

5.1.2 A water purification system (Millipore Super-O or 
equivalent) may also be used to generate reagent water for 

.. volatile extractions. 

5.1.3 Reagent water for volatile extractions may also 
be prepared by boiling water for 15 minutes. Subsequently, 
while maintaining the water temperature at 90 + SOC, bubble 
a contaminant-free inert gas (e.g. nitrogen) tFrough the 
water for 1 hour. While still hot, transfer the water to a 
narrow-mouth screw-cap bottle under zero headspace and seal 
with a Teflon lined septum and cap. 

5.2 Sulfuric acid/nitric acid (60/40 weight percent mixture) 
H SOq/HN03. 
4 a g of concentrated nitric acid. Cautiously mix 60 g of concentrated sulfuric acid with 

5.3 Extraction fluids: 

5.3.1 Extraction fluid 11 - this fluid is made by adding 
the .60/40 weiqht percent mixture of sulfuric and .nitric acids 
to reagent water until the gH is 4.20 + 0.05. 

Extraction fluid #2 - this'fluid is made by adding 
the 60/40 weight percent mixture of sulfuric and nitric acids 
to reaqent water until the pH is 5.00 + 0.05. 

- 
5.3.2 

- 
5.3.3 Extraction fluid 13 - this fluid is reagent water 

(ASTM Type I1 water, or  equivalent) used to determine cyanide 
leachability. 

- Note: It is suggested that these extxraction fluids be moni- . 
tored frequently for impurities. The pH should be 
checked prior to use to ensure that these fluids are 
made up accurately. 

5.4 Analytical standards shall be prepared according to the 
appropriate analytical method. 

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING - 

6.1 All samples shall be collected using an appropriate 
sampling plan. 

6.2 At least two separate representative samples of a soil 
should be collected. The first sample is used to determine if the 
soil reauires particle-size reduction and, if desired, the percent 
solids of the soil. The second sample is used for extraction 
of volatiles and non-volatiles. 635 
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6 . 3  P r e s e r v a t i v e s  s h a l l  n o t  b e  added  t o  samples. 

6.4 Samples  s h a l l  b e  r e f r i g e r a t e d  t o  m i n i m i z e  loss o f  v o l a t i l e  

6 .5  When t h e  soil is t o  b e  e v a l u a t e d  f o r  v o l a t i l e  c o n t a m i n a n t s ,  

o r g a n i c s  and  t o  re ta rd  b io logica l  a c t i v i t y .  

care s h o u l d  be t a k e n  t o  m i n i m i z e  t h e  loss o f  v o l a t i l e s .  
s h a l l  be t a k e n  and  s tored i n  a manner  t o  p r e v e n t  t h e  loss of 
v o l a t i l e  c o n t a m i n a n t s .  I f  possible ,  i t  is recommended t h a t  a n y  
n e c e s s a r y  par t ic le -s ize  r e d u c t i o n  be c o n d u c t e d  a s  t h e  sample i s  
b e i n q  t a k e n .  

Samples 

6.6. 1312  ex t r ac t s  s h o u l d  be prepared f o r  a n a l y s i s  a n d  
a n a l y z e d  as s o o n  as p o s s i b l e  f o l l o w i n g  e x t r a c t i o n .  I f  t h e y  n e e d  
t o  b e  s t o r e d ,  e v e n  f o r  a s h o r t  p e r i o d  o f  t i m e ,  s to rage  s h a l l  be a t  
4OC, a n d  s a m p l e s  f o r  v o l a t i l e s  a n a l y s i s  s h a l l  n o t  be allowed t o  
come i n t o  c o n t a c t  w i t h  t h e  atmosphere ( i . e .  no  headspace). See 
S e c t i o n  8.0 ( Q u a l i t y  C o n t r o l )  f o r  acceptable sample and  extract  
h o l d i n g  times. 

7.0 PROCEDURE 

7.1 The p r e l i m i n a r y  1312  e v a l u a t i o n s  a re  p e r f o r m e d  on  a m i n i -  
mum 1 0 0  g r e p r e s e n t a t i v e  sample of s o i l  t h a t  w i l l  n o t  a c t u a l l y ,  u n d e r -  
go 1312  e x t r a c t i o n  ( d e s i g n a t e d  as t h e  f i r s t  sample i n ' S t e p  6 . 2 ) .  

7.1.1 De te rmine  w h e t h e r  t h e  s o i l  r e q u i r e s  p a r t i c l e - s i t e  . 
r e d u c t i o n .  I f  t h e  s o i l  p a s s e s  t h r o u g h  a 9.5 mm ( 0 . 3 7 5 - i n c h )  
s t a n d a r d  s i e v e ,  par t ic le -s ize  r e d u c t i o n  is n o t  r e q u i r e d  
(proceed t o  S t e p  7 . 2 ) .  I f  p o r t i o n s  o f  t h e  sample do n o t  
pass t h r o u g h  t h e  s i e v e ,  t h e n  t h e  o v e r s i z e  p o r t i o n  o f  t h e  
s o i l  w i l l  h a v e  to  be p r e p a r e d  f o r  e x t r a c t i o n  by c r u s h i n g  
t h e  s o i l  to  p a s s  t h e  9 .5  mm s i e v e .  

7.1.2 D e t e r m i n e  t h e  p e r c e n t  s o l i d s  i f  desired.  

7.2 P r o c e d u r e  when v o l a t i l e s  are  n o t  i n v o l v e d  - Enough 
s o l i d s  s h o u l d  be g e n e r a t e d  f o r  e x t r a c t i o n  s u c h  t h a t  t h e  volume 
o f  1 3 1 2  e x t r a c t  w i l l  be s u f f i c i e n t  t o  s u p p o r t  a l l  o f  t h e  a n a l y s e s  
r e q u i r e d .  However, a minimum s a m p l e  s i z e  o f  100  grams s h a l l  
be u s e d .  I f  t h e  amount  o f  e x t r a c t  g e n e r a t e d  by a s i n g l e  1312 
e x t r a c t  w i l l  n o t  be s u f f i c i e n t  t o  p e r f o r m  a l l  o t  t h e  a n a l y s e s ,  
i t  is recommended t h a t  more t h a n  o n e  e x t r a c t i o n - b e  p e r f o r m e d  a n d  
t h e  e x t r a c t s  b e  combined  and  t h e n  a l i q u o t e d  f o r  a n a l y s i s .  

t r a n s f e r  t o  t h e  f i l t e r  ho lde r  e x t r a c t o r  v e s s e l .  

- 

7.2 .1  Weigh o u t  a r e p r e s e n t a t i v e  s u b s a m p l e  of t h e  s o i l  and  

7.2.2 De te rmine  t h e  a p p r o p r i a t e  e x t r a c t i o n  f l u i d  t o  use. 
I f  t h e  s o i l  is from a . s i t e  t h a t  is e a s t  of t h e  M i s s i s s i p p i  
R i v e r ,  e x t r a c t i o n  f l u i d  # l  s h o u l d  be u s e d .  I f  t h e  s o i l  i s  

, .  "-:from a s i t e  t h a t  is  west of t h e  M i s s i s s i p p i  R i v e r ,  e x t r a c t i o n  
f l u i d  t 2  s h o u l d  be  u s e d .  I f  t h e  s o i l  i s  to  be  t es ted  for 

b 

c y a n i d e  l e a c h a b i l i t y ,  e x t r a c t i o n  f l u i d  # 3  s h o u l d  be u s e d .  
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Note: E x t r a c t i o n  f l u i d  8 3  ( r e a g e n t  water) mus t  be u s e d  
W h e n  e v a l u a t i n g  c y a n i d e - c o n t a i n i n g  so i l s  b e c a u s e  l e a c h i n g  
of c y a n i d e - c o n t a i n i n g  so i l s  u n d e r  a c i d i c  c o n d i t i o n s  may 
r e s u l t  i n  t h e  f o r m a t i o n  o f  hydrogen  c y a n i d e  gas. 

7 .2.3 De te rmine  t h e  amount  o f  e x t r a c t i o n  f l u i d  t o  add 
based o n  t h e  f o l l o w i n g  f o r m u l a :  

amount  o f  e x t r a c t i o n  f l u i d  (mL)  - 20 x w e i g h t  o f  s o i l  (g) 

S l o w l y  add  t h e  amount of appropr ia te  e x t r a c t i o n  f l u i d  t o  t h e  
e x t r a c t o r  v e s s e l .  Close t h e  extractor  b o t t l e  t i g h t l y  ( i t  
is recommended t h a t  T e f l o n  tape be u s e d  t o  e n s u r e  a t i g h t  
s e a l ) ,  s e c u r e  i n  r o t a r y  extractor d e v i c e ,  and  r o t a t e  a t  30 
+ 2 rpm f o r  18 + 2 h o u r s .  
a t u r e  o f  room i G  which  e x t r a c t i o n  is t o  t a k e  p l a c e )  s h a l l  
b e  m a i n t a i n e d  a t  22 + 3OC d u r i n g  t h e  e x t r a c t i o n  p e r i o d .  

- Note: 

Ambient  t e m p e r a t u r e  ( i . e .  temper- - 
- 

As a g i t a t i o n  c o n t i n u e s ,  p r e s s u r e  may b u i l d  u p  w i t h i n  t h e  
extractor  b o t t l e  for some t y p e s  of so i l  (e.g. l imed or 
c a l c i u m  c a r b o n a t e  c o n t a i n i n g  s o i l  may e v o l v e  gases s u c h  a s  
c a r b o n  d i o x i d e ) .  To r e l i e v e  excess p r e s s u r e ,  t h e  e x t r a c t o r  
b o t t l e  may be p e r i o d i c a l l y  opened  (e.g. a f t e r  1 5  m i n u t e s ,  
30  m i n u t e s ,  a n d  1 h o u r )  a n d  v e n t e d  i n t o  a hood. 

F o l l o w i n g  t h e  18 + 2 h o u r  e x t r a c t i o n ,  t h e  ma te r i a l  i n  7.2.4 
. t h e  ex t rac tor  v e s s e l  is sepaFated i n t o  its component  l i q u i d  a n d  

s o l i d  phases by f i l t e r i n g  t h r o u g h  a g lass  f i b e r  f i l t e r .  

7.2.5 F o l l o w i n g  collection of t h e  1312 e x t r a c t  i t  is re- 
commended t h a t  t h e  pH of t h e  ex t r ac t  be r e c o r d e d .  The e x t r a c t  
s h o u l d  be i m m e d i a t e l y  a l i q u o t e d  f o r  a n a l y s i s  and  p r o p e r l y  
p r e s e r v e d  (metals a l i q u o t s  m u s t  be a c i d i f i e d  w i t h  n i t r i c  
acid t o  pH < 2 ; - a l l  o t h e r  a l i q u o t s  must  be stored u n d e r  
r e f r i q e r a t i o n  (4OC) u n t i l  a n a l y z e d ) .  The 1312 e x t r a c t  
s h a l l  be prepared a n d  a n a l y z e d  a c c o r d i n g  t o  a p p r o p r i a t e ,  
a n a l y t i c a l  methods .  
o t h e r  t h a n  mercu ry ,  s h a l l  b e  acid d i g e s t e d .  

compared t o  t h r e s h o l d s  i n  t h e  c l e a n  c l o s u r e  g u i d a n c e  manual .  
Refer to  S e c t i o n  8.0 for  Q u a l i t y  C o n t r o l  r e q u i r e m e n t s .  

7.3 P r o c e d u r e  when v o l a t i l e s  are i n v o l v e d :  

v o l a t i l e  a n a l y s i s  o n l y .  E x t r a c t  r e s u l t i n g  from t h e  u s e  of t h e  
Z H E  s h a l l  n o t  be u s e d  t o  e v a l u a t e  t h e  m o b i l i t y  o f  n o n - v o l a t i l e  
a n a l y t e s  (e.q. metals, pesticides, e tc . ) .  The Z H E  d e v i c e  
h a s  a p p r o x i m a t e l y  a 500 mL i n t e r n a l  c a p a c i t y .  
s a m p l e  s i z e  o f  100  g was r e q u i r e d  i n  t h e  S tep  7.2 p r o c e d u r e ,  t h e  
2HE c a n  o n l y  accommodate a maximum o f  25 CJ o f  sol id  , d u e  t o  t h e  
need  to  add a n  amount of e x t r a c t i o n  f l u i d  e u u a l  t o  20 times t h e  

1312 e x t r a c t s  t o  be  a n a l y z e d  f o r  metals ,  

7.2.6 The c o n t a m i n a n t  c o n c e n t r a t i o n s  i n  t h e  1312 e x t r a c t  a r e  

7.3.1 The Z H E  d e v i c e  i s  u s e d  to  o b t a i n  1312 ex t r ac t s  f o r  

A l though  a m i n i m u m  
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w e i g h t  of t h e  s o i l .  T h e  Z H E  is c h a r g e d  w i t h  s a m p l e  o n l y  once and  
t h e  d e v i c e  is not opened  u n t i l  t h e  f i n a l  e x t r a c t  has  been col-  
l e c t e d .  A l t h o u g h  t h e  f o l l o w i n g  p r o c e d u r e  allows f o r  p a r t i c l e -  
s i z e  r e d u c t i o n  d u r i n g  t h e  c o n d u c t  of t h e  p r o c e d u r e ,  t h i s  c o u l d  
r e s u l t  i n  t h e  loss o f  v o l a t i l e  compounds.  I f  p o s s i b l e  p a r t i c l e -  
s i z e  r e d u c t i o n  (see Step  7.1.1)  s h o u l d  be c o n d u c t e d  on t h e  
s a m p l e  as  i t  is b e i n g  t a k e n  (e .g . ,  p a r t i c l e - s i z e  may be r e d u c e d  

c o n d u c t e d  d u r i n g  t h e . p r o c e d u r e .  I n  c a r r y i n g  o u t  t h e  f o l l o w i n g  . 
steps,  do n o t  allow t h e  s o i l  t o  be e x p o s e d  t o  t h e  atmosphere f o r  
a n y  more t i m e  t h a n  is a b s o l u t e l y  n e c e s s a r y .  Any m a n i p u l a t i o n  of 
these mater ia l s  s h o u l d  be d o n e  when c o l d  ( 4 O C )  t o  m i n i m i z e  the  
loss  of v o l a t i l e s .  Pre-weigh t h e  e v a c u l a t e d  c o n t a i n e r  w h i c h  
w i l l  r e c e i v e  t h e  f i l t r a t e  (see S t e p  4 . 6 1 ,  a n d  s e t  as ide.  I f  
u s i n g  a TEDLARe bag ,  a l l  a i r  m u s t  be e x p r e s s e d  f rom t h e  d e v i c e .  

. by c r u m b l i n g ) .  I f  n e c e s s a r y  pa r t i c l e - s i ze  r e d u c t i o n  may be 

7.3.2 P l a c e  t h e  Z H E  p i s t o n  w i t h i n  t h e  body o f  t h e  Z H E  ( i t  
may be h e l p f u l  f i r s t  t o  m o i s t e n  t h e  p i s t o n  0 - r i n q s  s l i q h t l y  w i t h  
e x t r a c t i o n  f l u i d ) .  A d j u s t  t h e  p i s t o n  w i t h i n  t h e  Z H E  body t o  a 
h e i g h t  t h a t  w i l l  m i n i m i z e  t h e  d i s t a n c e  t h e  p i s t o n  w i l l  h a v e  t o  
move o n c e  i t  is c h a r q e d  w i t h  sample. S e c u r e  t h e  gas i n l e t / o u t l e t  
f l a n a e  (bottom f l a n g e )  o n t o  t h e  2 H E  body i n  a c c o r d a n c e  w i t h  t h e  
m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  S e c u r e  t h e  g lass  f i b e r  f i l t e r  
b e t w e e n  t h e  s u p p o r t  s c r e e n s  and  set  a s i d e .  S e t  l i q u i d  i n l e t / o u t -  
l e t  f l a n g e  ( t o p  f l a n g e )  a s i d e .  

S e c u r e  t h e  f i l t e r  a n d  s u p p o r t  s c r e e n s  i n t o  t h e  top f l a n g e  .of t h e  
d e v i c e  and  s e c u r e  t h e  t o p  f l a n g e  t o  t h e  Z H E  body i n  a c c o r d a n c e  
w i t h  t h e  m a n u f a c t u r e r ' s  i n s t r u c t i o n s .  T i g h t e n  a l l  Z H E  f i t t i n g s  
a n d  place t h e  d e v i c e  i n  t h e  v e r t i c a l  p o s i t i o n  ( g a s  i n l e t / o u t l e t  
f l a n g e  on t h e  bottom). Do not  a t t a c h  t h e  e x t r a c t i o n  c o l l e c t i o n  
d e v i c e  t o - t h e  top plate .  A t t a c h  a gas l i n e  t o  t h e  qas  i n l e t / o u t -  
l e t  v a l v e  (bottom f l a n q e )  a n d ,  w i t h  t h e  l i q u i d  i n l e t / o u t l e t  
v a l v e  ( t o p  f l a n g e )  o p e n ,  b e g i n  a p p l y i n g  g e n t l e  p r e s s u r e  of 1-10 
p s i  to  a maximum o f  50  p s i  to  force most o f  t h e  h e a d s p a c e  o u t  of 
t h e  d e v i c e .  

. 7.3.3 Q u a n t i t a t i v e l y  t r a n s f e r  25  g o f  s o i l  t o  t h e  Z H E .  

7.3.4 With t h e  Z H E  i n  t h e  v e r t i c a l  p o s i t i o n ,  a t t a c h  a 
l i n e  f rom t h e  e x t r a c t i o n  f l u i d  r e s e r v o i r  t o  t h e  l i q u i d  i n l e t /  
o u t l e t  v a l v e .  The l i n e  u s e d  s h a l l  c o n t a i n  f r e s h  e x t r a c t i o n  
f l u i d  a n d  s h o u l d  be p r e f l u s h e d  w i t h  f l u i d  t o  e l i m i n a t e  a n y  a i r  
pockets  i n  t h e  l i n e .  Release qas p r e s s u r e  on  t h e  Z H E  p i s t o n  
( f r o m  t h e  gas i n l e t / o u t l e t  v a l v e ) ,  o p e n  t h e  l i q u i d  i n l e t /  
o u t l e t  v a l v e ,  and  b e g i n  t r a n s f e r r i n g  e x t r a c t i o n  f l u i d  ( b y  
pumping or s imi l a r  means )  i n t o  t h e  Z H E .  C o n t i n u e  pumping 
e x t r a c t i o n  f l u i d  i n t o  t h e  Z H E  u n t i l  t h e  a p p r o p r i a t e  amount  of 
f l u i d  h a s  been  i n t r o d u c e d  i n t o  t h e  d e v i c e .  

7 .3 .5  A f t e r  t h e  e x t r a c t i o n  f l u i d  h a s  been  added ,  i m m e d i a t e l y  
close t h e  i n l e t / o u t l e t  v a l v e  and  d i s c o n n e c t  t h e  e x t r a c t i o n  f l u i d  

. l i n e .  C h e c k  t h e  Z H E  t o  e n s u r e  t h a t  a l l  v a l v e s  a r e  i n  t h e i r  closed 
p o s i t i o n s .  P h y s i c a l l y  r o t a t e  t h e  d e v i c e  i n  an end-over -end  f a s h i o n  

U L - .  . 
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2 or 3 times. 
the liquid inlet/OUtlet valve on top. Put 5-10 psi behind the 
piston ( i f  nesessary) and slowly open the liquid inlet/outlet 
valve to bleed out any headspace (into a hood) that may have 
been introduced due to the addition of extraction fluid. 
This bleedinq shall be done quickly and shall be stopped at the 
first appearance of liquid from the valve. Re-pressurize the 
ZHE with 5-10 psi and check all ZHE fittings to ensure that 

Reposition the ZHE in the vertical position with 

.' they are closed. 

8 . 0  

7.3.6. Place the ZHE in the rotary extractor apparatus ( i f  
it is not already- there) and rotate the ZHE at 30 + 2 rpm for 
18 + 2 hours. Ambient temperature .(i.e. temperatuFe of the room 
in chich extraction is to occur) shall be maintained at 22 2 3OC 
during agitation. 

7.3.7 Following the 18 4 2 hour agitation period, check 
the pressure behind the ZHE Fiston by quickly opening and closing 
the gas inlet/outlet valve and noting the escape of gas. If the 
pressure has not been maintained (i.e. no gas release observed), 
the device is leaking. Check the ZHE for leaking and redo the 
extraction with a new sample of soil. If the pressure within 
the device-has been maintained, the material in the extractor 
vessel is separated into its component liquid and solid phases. 

7.3.8 Attach the evacuated pre-weighed filtrate collection 
container to the liquid inlet/outlet valve and open the valve. 
Begin applying gentle pressure of 1-10 psi to force the liquid 
phase into the filtrate collection container. If no additional 
liquid has passed through the filter in any 2 minute interval, 
slowly increase the pressure in 10-psi increments M a maximum of 
50 psi. After each incremental increase of 10 psi, if no additional 
liouid has passed through the filter in any 2 minute interval, 
proceed to the next 10 psi increment. When liquid flow has 
ceased such that continued pressure filtration at 50 psi does 
not result in any additional filtrate,within any 2 minute period, 
filtration is stopped. Close the inlet/outlet valve, discontinue 
pressure to the piston, and disconnect the filtration collection 
con tai ner. 

- NOTE: Instantaneous application of high pressure can 
degrade the glass fiber filter and may cause 
premature plugging. 

7.3.9 Following collection of the 1312 extract, the extract 
should be immediately aliquoted for analysis and stored with 
minimal headspace at 4 O C  until analyzed. The 1312 extract will be 
prepared and analyzed according to the appropriate analytical 
methods . 
QUALITY CONTROL 

639 8.1 All data, including quality assurance data, should be 
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m a i n t a i n e d  and a v a i l a b l e  f o r  reference o r  i n s p e c t i o n .  

1 0  e x t r a c t i o n s  t h a t  have been conducted  i n  an  e x t r a c t i o n  v e s s e l  
s h a l l  be employed as a check  t o  d e t e r m i n e  i f  any memory e f f e c t s  
from t h e  e x t r a c t i o n  equipment  are o c c u r r i n g .  

' 8.3 For each a n a l y t i c a l  b a t c h  (up  t o  twenty  s a m p l e s ) ,  i t  i s  
recommended t h a t  a ma t r ix  s p i k e  be performed.  A d d i t i o n  of  m a t r i x  
s p i k e s  s h o u l d  occur once t h e  1312 e x t r a c t  h a s  been g e n e r a t e d  
( i . e .  s h o u l d  not 'occur  p r i o r  t o  per formance  of t h e  1 3 1 2  p r o c e d u r e ) .  
The p u r p o s e  of  t h e  m a t r i x  s p i k e  i s ' t o  mon i to r  t h e  adequacy of t h e  
a n a l y t i c a l  methods used on  t h e  1312 e x t r a c t  and for d e t e r m i n i n g  
i f  ma t r ix  i n t e r f e r e n c e s  e x i s t  i n  a n a l y t e  d e t e c t i o n .  

8.2 A minimum o f  one b l ank  ( e x t r a c t i o n  f l u i d  I 1) for e v e r y  

8.4 A l l  q u a l i t y  c o n t r o l  measures  d e s c r i b e d  i n  t h e  a p p r o p r i a t e  
a n a l y t i c a l  methods s h a l l  be  fo l lowed.  
. 8.5 The method of s t a n d a r d  a d d i t i o n  s h a l l  be employed f o r  
e a c h  a n a l y t e  i f :  1) r e c o v e r y  of t h e  compound from t h e  1312 
e x t r a c t  is n o t  between 5 0  and 150%, or 2 )  i f  t h e  c o n c e n t r a t i o n  of 
t h e  c o n s t i t u e n t  measured i n  t h e  extract  is w i t h i n  20% of t h e  
a p p r o p r i a t e  r e g u l a t o r y  t h r e s h o l d .  If more t h a n  o n e  e x t r a c t i o n  i s  
b e i n g  r u n  on samples  of  t h e  same waste ( u p . t o  twenty  s a m p l e s ) ,  
t h e  method of s t a n d a r d  a d d i t i o n  need be a p p l i e d  o n l y  once  and t h e  
p e r c e n t  r e c o v e r i e s  a p p l i e d  on t h e  remainder  of t h e  e x t r a c t i o n s .  

t i m e  p e r i o d  a f t e r  sample receipt: Vola t i les ,  1 4  d a y s :  Semi- 
Volat i les ,  40 days :  Mercury, 28 days :  and o the r  Metals, 180 days .  
1312 e x t r a c t s  s h a l l  be  a n a l y z e d  a f t e r  g e n e r a t i o n  and p r e s e r v a t i o n  
w i t h i n  t h e  f o l l o w i n g  p e r i o d s :  Vola t i les ,  1 4  days :  Semi-Volat i les ,  
40 d a y s :  Mercury, 28 days :  and o ther  Metals, 180  days .  

8 .6  Samples m u s t  undergo  1312 e x t r a c t i o n  . w i t h i n  t h e  f o l l o w i n g  

9.0 METHOD PERFORMANCE 

9.1 None a v a i l a b l e .  

10.0 REFERENCES 

10. 1 None a v a i l a b l e .  
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Compounds CAS No . 
TABLE 1 ... VOLATILE CONTAMINANTS 

Acetone ............................................. 
Acrylonitrile ....................................... 
Benzene .............................................. 
n-Butyl alcohol ....................................... 
Carbon disulfide .................................... 
Carbon tetrachloride ................................ 
Chlorobenzene ........................................ 
Chlorofonn .......................................... 
1.2-Dichloroethane .................................. 
1.1-Dichloroethylene ................................ 
Ethyl acetate ....................................... 
Ethyl benzene ....................................... 
Ethyl ether ......................................... 
Isobutanol .......................................... 
Methanol ............................................ 
Methylene chloride ................................. 
Methyl ethyl ketone ................................ 
Methyl isobutyl ketone ............................. 
1.1.1.2-Tetrachloroethane ........................... 
l.lr2.2-Tet~achloroethane ........................... 
Tetrachloroethylene ................................ 
Tolulene ............................................ 
1.1. l-Trichloroethane .............................. 
1.1.2-Trichloroethane ............................... 
Trichloroethylene .................................. 
Trichlorofluoromethane .............................. 
1.1.2-Trichloro-1.2.2-trifluoroethane ............... 
Vinyl chloride ...................................... 
Xylene ............................................. 

67-64-1 
107-13-1 
71-43-2 
71-36-6 
75-1 5-0 
56-23-5 

108-90-7 
67-66-3 
10 7-0 6-2 
75-3 5-4 

14 1-78-6 
100-41-4 
60-29-7 . 

78-8 3-1 
67-56-1 
7 5-0 9-2 
78-93-3 
108-10-1 
6 .  30.20.6 

. .  79-34-5 
127-1804 
108-88-3 
71-55-6 
79-00-5 
79-01-6 
75-69-4 
76-13-1 
75-01-7 

13 30-20-7 
I 

1312-10 !- . $4 1 . Revision O,.,-, 
December 1988 



. c.da; TABLE 2. -- SUITABLE ROTARY AGITATION  APPARATUS^ 
Company 

Analytical Testing and 
Consulting Services, Inc. 

Associated Design and 

Environmental Machine 

Manu f ac tu r i ng Company 

and Design, Inc. 

IRA Machine Shop and 
Laboratory 

Lars Lande Manufacturing 

Millipore Corp. 

. REXNORD 

0 '  

Location 

Warrington, PA 
(215) 343-4490 

Alexandria, VA 
(703) 549-5999 

Lynchburg , V?, 
(804) 845-6424 

Santurce, PR 
(809) 752-4004 

Whitmore Lake, MI 
(313) 449-4116 

Bedford, MA : 

(800) 225-3384 

Milwaukee, WI 
(4.14) 643-2850 

Model 

4-vessel device 

4-vessel device, 
6-vessel device 

4-vessel device,. 
6-vessel device 

16-vessel device 

l0-vessel device 
S-vesse1.device 

4-vessel Z H E  device 
or &one 1 i t ter 
bottle extractor 
device 

6-vessel device 

lAny device that rotates the extraction vessel in an end-over-end 
fashion at 30 2 2 rpm is acceptable. 

TABLE 3 .  0- SUITABLE ZERO-HEADSPACE EXTRACTOR VESSELS 

Company 

Analytical Testing & Con- 
sulting Services, Inc. 

Associated Design & Manu- 
facturing Co. 

Lars Lande Mfg. 

Millipore Corp. 

Location 

Warrington, PA, 
(215) 343-4490 

Alexandria, VA 
(703) 549-5999 

Whitmore Lake, MI 
(313) 449-4116 

Bedford, MA, 
(800) 225-3384 

13 12-1 1 

Model No. 

(2102, Mechanical 
Pressure Device 

3740-ZHB, Gas . 

Pressure Device 

Gas Pressure 
Device 

SO1 PS81 CS, Gas 
Pressure Device , 

Revision 0 
December 19 8 8 



355 
TABLE 4. -- SUITABLE Z H E  FILTER H O L D E R S ~  

Company 

Micro F i l t r a t i o n  S y s t e m s  

Mill ipore Corp .  

Nucleopore Corp. 

Location Model S i t e  

D u b l i n ,  CA 

B e d f o r d ,  MA 

302400 1 4 2  mm I ( 4 1 5 )  828-6010 

( 8 0 0 )  225-3384 YT30142HW 1 4 2  mm 
XX1004700 47 mm 

P l e a s a n t o n ,  CA 425910 1 4 2  mm 
( 8 0 0 )  882-7711 410400 4 7  mm 

’Any d e v i c e  c a p a b l e  of separa t ing  t h e  l i q u i d  f rom t h e  s o l i d  p h a s e  of 
t h e  s o i l  is s u i t a b l e ,  p r o v i d i n g  t h a t  i t  is c h e m i c a l l y  c o m p a t i b l e  w i t h  
the s o i l  a n d  t h e  c o n s t i t u t e n t s  t o  b e  a n a l y z e d .  P l a s t i c  d e v i c e s  (no t  
l i s t e d  a b o v e )  may b e  u s e d  when only  inorganic contaminants  are  of con- 
cern. The  1 4 2  nun size  f i l t e r  h o l d e r  is tecommended. 

Whatman L a b o r a t o r y  
P r o d u c t s  , I n c .  

TABLE 5.  0- SUITABLE FILTER MEDIA a * 

Company I Location ‘ I Model I Si z e l  
I I 

C l i f t o n ,  N J  
( 2 0 1 )  773-5800 GFF 0 . 7  

Mill ipore Corp. I 1 0 . 7  
B e d f o r d ,  MA I 

I AP40 
( 8 0 0 )  225-3384 I 

Nucleopore Corp.  - P l e a s a n t o n ,  CA I 211625 I 0 .7  I ( 4 1 5 )  463-2530 I 1 I -  
I 
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F i g u r e  1. R o t a r y  A g i t a t i o n  
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Figure  2. Zero-Headspace Extract ion Vessel 
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