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Standard Practice for

Expedited Site Characterization of Vadose Zone and Ground
Water Contamination at Hazardous Waste Contaminated
Sites !

This standard is issued under the fixed designation D 6235; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.2 Features of the ESC Proces§he ESC process oper-
1.1 Applicability of the ECS ProcessThis practice covers ates within the framework of existing regulatory programs. It
a process for expedited site characterization (ESC) of hazardecuses on collecting only the information required to meet
ous waste contaminated sftas identify vadose zone, ground c_haractenzatlon objectives and_on_ensunng that characteriza-
water and other relevant contaminant migration pathways antion ceases as soon as the objectives are met. Central to the
determine the distribution, concentration, and fate of contamiESC process is the use of judgement-based sampling and
nants for the purpose of providing an ESC client, regulatoryneasurement to characterize vadose zone and ground water
authority, and stakeholders with the necessary information t§ontamination in a limited number of field mobilizations by an
choose a course of actiGrGenerally, the process is applicable mtegrgted m_ul_t|d|SC|pI|nary team, led by a te<_:hn|cal leader and
to larger-scale projects, such as CERCLA (Superfund) reme?Perating within the framework of a dynamic work plan that
dial investigations and RCRA facility investigatioha/hen ~ gives him or her the flexibility of responsibility to select the
used as part of the Superfund response process, this Practi®€ and location of measurements needed to optimize data
should be used in conjunction with U.S. EPA’s guidanceCollection activities. Table 1 identifies other essential features
document titledUsing Dynamic Field Activities for On-Site Of the ESC process, and Fig. 1 presents a flow diagram for the
Decision Making: A Guide for Project Manage(87). The  entire ESC process. S
ESC process is also applicable to other contaminated sites 1-3 Investigation Methods-The process described in this
where the ESC process can be reasonably expected to redu¥@ctice is based on good scientific practice but is not tied to
the time and cost of site characterization compared to altern&nY particular regulatory program, site investigation method or
tive approaches. The ESC process has been applied succegeg:hmque3 chemlca_l analysis method, statlstlcal_ analysis
fully at a variety of sites in different states and EPA regions.Method, risk analysis method, or computer modeling code.
(See Table X1.1). It typically achieves significant cost angAPPropriate investigation techniques in an ESC project are

schedule savings compared to traditional site characterizatioRighly site specific and are selected and modified based upon
(See X1.2 and X1.8) the professional judgement of the core technical team (in
particular the technical team leader). Whenever feasible, non-

invasive and minimally invasive methods are used, as dis-

* This practice is under the jurisdiction of ASTM Committee D18 on Soil and cussed in Appendix X3. Appropriate chemical analysis meth-

Rock and is the direct responsibility of Subcommittee D18.01 on Surface anthds gre equa”y site Specific. Analyses may be conducted in the

Subsurface Characterization. . . . .
Current edition approved Jan. 1, 2004. Published February 2004. OriginallJ'e'd or Iaboratory, dependmg on data qua“ty requirements,

approved in 1998. Last previous edition approved in 1998 as D6235 — 98a. required turnaround time, and costs.
2 The term hazardous waste in the title is used descriptively. The term also has 1.4 Sijtes Generally Not Appropriate for the ESC Proeess

specific meanings in the context of different regulatory programs. Expedited sitq;enera”y the ESC process is not applicable to: small petro-

characterization is also appropriate for radiologically contaminated sites and SO[E . . .
larger petroleum release sites, such as refineries. Section 4.2 further identifies typ&UM release sites, real estate property transactions that require

of contaminated sites where ESC may be appropriate. See Appendix X1 fon0 more than a Phase | ESA, sites where contamination is
adgiﬁz"at' bét‘c';gtfﬁund OT_the Esﬁ process. . S water cont limited to the near surface or there is no basis for suspecting
e text of this practice emphasizes vadose zone and ground water conta -
nation because these contaminant migration pathways are the most difﬁcultntthat Contamm_ant movement throuqh Fhe vadose zone and
characterize. An ESC project should also address all other relevant contamina@Ound water is a matter of concern, sites where the cost of
migration pathways, such as air, surface water, submerged sediments, and biotaremedial action is Iikely to be less than the cost of site
4 A CERCLA preliminary assessment/site inspections (PA/SI) or a RCRA facility
assessment (RFA) is generally required to provide information supporting a decision
to initiate the ESC process. (See Appendix X2).
5 This practice uses the term “traditional” site characterization to refer to the
approach that has typically been used for characterizing contaminated sites at
CERLA and RCRA sites during the 1980s and early 1990s.
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characterization, or sites where existing statutes or regulatiorall circumstances. This ASTM standard is not intended to

prohibit the use of essential features of the ESC pro€ess. represent or replace the standard of care by which the
1.5 Other Potentially Applicable ASTM Standards for Site adequacy of a given professional service must be judged, nor

Characterizatior—Guide E 1912 addresses accelerated siteshould this document be applied without consideration of a

characterization (ASC) for petroleum release sites, and Guidgroject’'s many unique aspects. The word “Standard” in the

E 1739 addresses use of the risk-based corrective actiditle of this document means only that the document has been

(RBCA) process at petroleum release sites. Section X1.5.&pproved through the ASTM consensus process.

describes the ASC process, and X1.5.2 discusses the relation-1.8 This standard does not purport to address all of the

ship between ESC and the RBCA process. Practices E 15Xafety concerns, if any, associated with its use. It is the

and E 1528 and Guide E 1903 address real estate propentgsponsibility of the user of this standard to establish appro-

transactions, and X1.5.3 discusses the relationship between thaate safety and health practices and determine the applica-

ESC process and investigations for real estate property tranbility of regulatory limitations prior to use.

actions. Classification D 5746 addresses environmental condi-

tions of property area types for Department of Defense?. Referenced Documents

installations, and Practice D 6608 provides guidance on con- 2.1 ASTM Standards?

ducting environmental baseline surveys to determine certain p 653 Terminology Relating to Soil, Rock, and Contained
elements of the environmental condition of federal real prop-  Fuids

erty. _ ' . D 5717 Guide for the Design of Ground-Water Monitoring
1.6 The values stated in both |nCh'pOUnd and Sl units are to Systems in Karst and Fractured-Rock Aquifers

be regarded separately as the standard. The values given inp 5730 Guide for Site Characterization for Environmental

parentheses are for information only. _ _ Purposes With Emphasis on Soil, Rock, the Vadose Zone
1.7 This practice offers an organized collection of informa- and Ground Water

tion or a series of options and does not recommend a specific p 5745 Guide for Developing and Implementing Short
course of action. This document cannot replace education or  Term Measures or Early Actions for Site Remediation

experience and should be used in conjunction with professional p 5746 Classification of Environmental Conditions of
judgment. Not all aspects of this practice may be applicable in

®The ASTM knows of no federal or state statutes or regulations that would 7 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
prohibit use of the ESC process. Some elements of the ESC process may not bentact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
entirely consistent with existing federal and state guidance documents, an8tandards volume information, refer to the standard’s Document Summary page on
regulatory authorities are encouraged make appropriate exceptions. the ASTM website.

TABLE 1 Minimum Criteria for a Project Using ASTM Expedited Site Characterization Process

Note—Other site characterization approaches may include many of the below elements, but all must be present for an investigation using the ASTM
ESC process.

1. Actechnical team leader oversees the ESC project and leads the ESC core technical team. See Fig. 2, step 1.a in Fig. 3, 6.2 and 7.1.1.

2. Project objectives, data quality requirements, and performance criteria are defined by some process that includes ESC client, regulatory authority, and stake-
holders. See Step 1b in Fig. 3 and 6.3.

3. The technical team leader and an integrated multidisciplinary core technical team with expertise in geologic, hydrologic, and chemical systems work together,
as areas of expertise are needed, in the field and throughout the process. See Fig. 2, Step 2 in Fig. 3, and 7.1.

4. Intensive compilation, quality evaluation, and independent analysis and interpretation of prior data are used to develop a preliminary site model. See Step 3a in
Fig. 3 and 8.1-8.5

5. Dynamic work plan, approved by ESC client and regulatory authority, provides framework for use of multiple complementary, site-appropriate geologic and hy-
drologic investigation methods, along with rapid site appropriate methods for containment analysis. See Step 4 in Fig. 3, 8.6, 9.2.4, and Appendix X3.

6. ESC project is based primarily on judgement-based sampling and measurements to test and improve the concepts and details of the evolving site model. See
Steps 5 and 6 in Fig. 3, 3.1.16, 6.3.1, and X1.4.4.1.

7. Quality control procedures are applied to all aspects of ESC data collection and handling, including field work for geologic and hydrologic characterization. See
Steps 5 and 6 in Fig. 3, 9.2.6, 10.1.2, and Appendix X4 and Appendix X5.

8. Field data collection is initially focused on geologic and hydrologic characterization of vadose zone, ground water and other relevant contaminant migration
pathways (and on identifying contaminants of concern, if they are not already known), followed by delineating the distribution, concentration, and fate of contami-
nants, based on knowledge of the relevant contaminant migration pathways. This effort typically requires no more than two field mobilizations. See Steps 5a and 6a
in Fig. 3 and Sections 10 and 11.

9. Field data are integrated, analyzed, and interpreted daily to refine the evolving site model and are used to optimize the type and location of subsequent field
data collection until project objectives have been met. See Steps 5b and 6b in Fig. 3 and 10.1.3.

10. Final site model provides ESC client, regulatory authority, and stakeholders with the information required to choose a course of action based on risk analysis
of regulatory standards-based cleanup criteria. See Section 12.
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Property Area Types for Defense Base Closure and Rearea, maximum depth (where appropriate), standard operating
alignment Facilities procedures for specific methods) within which the ESC tech-
D 5792 Practice for Generation of Environmental Datanical team leader, supported by the appropriate technical core
Related to Waste Management Activities: Development oteam members, has flexibility and responsibility to select the

Data Quality Objectives types and locations of measurements to optimize data collec-
D 5979 Guide for Conceptualization and Characterizatiortion activities. In contrast, a traditional site characterization
of Ground-Water Flow Systems work plan typically contains prescribed numbers and locations
D 6008 Practice for Conducting Environmental Baselinefor field measurements, samples, and monitoring wells. (See
Surveys Section 9).
D 6044 Guide for Representative Sampling for Manage- 3.1.4 environmental recepterhumans or other living or-
ment of Waste and Contaminated Media ganisms potentially exposed to and adversely affected by
E 1527 Practice for Environmental Site Assessments: Phasmntaminants because they are present at the source(s) or along
1 Site Assessment Process contaminant migration pathways. (E 1689)

E 1528 Practice for Environmental Site Assessment: Trans- 3.1.5 environmental Site Assessment (ES#)e process by
action Screen Process which a person or entity seeks to determine if a particular

E 1689 Guide for Developing Conceptual Site Models forparcel of real property ( including improvements) is subject to
Contaminated Sites Recognized Environmental Conditions.

E 1739 Guide for Risk-Based Corrective Action Applied at  3.1.5.1 Discussior—This practice refers to ESC Phase /Il
Petroleum Release Sites investigations to differentiate them from Phase I/Il ESAs. The

E 1903 Guide for Environmental Site Assessments: Phase Bhases are not comparable. (See X1.5.3.) (E 1527)
Environmental Site Assessment Process 3.1.6 ESC client—the individual, agency, or organization

E 1912 Guide for Accelerated Site Characterization forresponsible for a site or sites where ESC is being considered or
Confirmed or Suspected Petroleum Releases has been initiated. An ESC client contracts with an ESC

provider for an ESC project that characterizes a specific site.
L . ) 3.1.7 ESC core technical teamthe integrated multidisci-

3.1 Definitions of Terms Specific to This Standaithe  jinary team, assembled by an ESC provider, that is respon-
following terms are specific to this practice, unless otherwisgipje for an ESC project, consisting of a technical team leader
|nd|c§1ted. Because much of the terminology is specific to thig experienced individuals with expertise in geologic, hydro-
practice, this section should be read carefully. Other terms aRgic, and chemical systems; a working understanding of all
in accordance with other ASTM standards as specified. elements and functions of contaminated site characterization;

3.1.1 contaminants of concern (COGsppecific constitu-  amjliarity with risk analysis and remedial technologies; and
ents that are identified for evaluation in the site charactenzatmeapab”ity to integrate and interpret all relevant data generated
process. , o by the ESC project.

3.1.1.1 Discussior—Identification of COCs from a larger "3 4 7 1 piscussion-The core technical team members are
list of suspected contaminants, including possible degradatiof), Hijable for every stage of an ESC project and are involved in
products, usually takes place as a separate effort before an E_Gep siage as needed. The technical team leader is normally
project begins, but it can also be integrated into an ESC projechyesent in the field at all times. Other core technical team

Deletions or additions to the list of COCs may occur during anyempers are present during field data collection related to their
ESC project, as appropriate, with approval by the ESC clienf oo sy of expertise. See 7.1 for further discussion of the
and r_egulatory authority. This _deflnlt_lon is the same as forresponsibilities of the ESC core technical team.

chemical(s) of concern used in Guide E 1912, except that

“contaminants of concern” is the more common usage in Note 1—The core technical team should not be confused with the core
hazardous waste site investigations. team in the DOE SAFER process, which consists of a broader group of

s e - - . 1 key decision makers for a DOE site. (See X1.4.5.) Normally, the ESC
3':!"2 Dynamic flelq aCtIV.Ity_a pereCt th.at. comblngs rapid .technical team leader would be a member of the SAFER core team.
on-site data generation with on-site decision making and is _ o .
initiated through a process that includes systematic planning 3.1.8 ESC Phase | investigatienphase of ESC project

and development of a dynamic work plan (Adapted from U.Sfocusing on geologic and hydrologic characterization of vadose

3. Terminology

EPA (37)). zone and ground water migration pathways and all other
3.1.2.1 Discussion—This practice focuses on dynamic field relevant contaminant migration pathways, such as air, surface
activities as they relate to site characterization water, submerged sediments, and biota as appropriate.

3.1.3 dynamic work plan-a site characterization work plan ~ 3.1.8.1 Discussior—Contaminant sources and contaminants
including a technical program that identifies the suite of fieldof concern will also be identified in Phase I, if they are not
investigation methods and measurements that may be necedlready known, and sampling to establish contaminant distri-
sary to characterize a specific site, with the actual methodsution will occur to the extent that it contributes to understand-
used and the locations of measurements and sampling poinitsg the geologic and hydrologic system and other relevant
based on on-site technical decision making. contaminant migration pathways.

3.1.3.1 Discussior—The dynamic work plan, which must  3.1.9 ESC Phase Il investigatierphase of ESC project
be approved by the ESC client and regulatory authorityfocusing on sampling and analysis to determine the spatial
provides a clearly defined framework (including geographicdistribution, concentration, and fate of contaminants, based on
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knowledge of the relevant contaminant migration pathways 3.1.15 expedited site characterization (ESEM process for
identified in Phase |. Additional geologic and hydrologic characterizing vadose zone and ground-water contaminated
characterization is carried out as needed. sites using primarily judgement-based sampling and measure-

Nore 2—This practice describes the ESC process as involving tw ments by an integrated, multidisciplinary core technical team,
OTE £— . . s
phases with two discrete field mobilizations, because experience h%?d by a technical team leader and operating within the

shown that the amount of time required to characterize the geology anf@mework of a dynamic work plan that gives the flexibility
hydrology and then delineate contaminants in terms of the geologic an@nd responsibility to select the type and location of measure-
hydrologic system is generally too long for a single mobilization. ments to optimize data collection activities during a limited
However, when sufficient data of acceptability qualify are available, itnymber of field mobilizations.

may be possible to complete both activities in a single mobilization. In . .
contrast, at difficult, complex sites, more than two field mobilizations 3.1.16 judgement-based sampling and measurerent

might be required. A single mobilization would be designated as Phas@PProach that uses expert judgement based on knowledge of

I/ll. More than one mobilization of the ESC project team (as distinct fromthe geologic, hydrologic, and chemical systems, together with

field visits by a few project team members for collection of time-seriesanalysis and interpretation of all prior measurements and

data, such as water levels in wells) would be designated as Phase la, Ph%%?mpling results, to select the type and location of subsequent

Ib, and so forth. measurements and samples needed to further refine the site
3.1.10 ESC Phase lIl study-the final phase of an ESC model.

project that occurs when the results of the Phase Il investiga-

tion indicate that predictive modeling for risk analysis, remedy . A . ) -

. ) . . .~ “determine the spatial distribution of physical and chemical properties at a
analysis and deS|g_n for remedial action, ,Or both, are require te that can be used in defining the physical characteristics of the vadose
before the ESC client, regulatory authority, and stakeholdergyne and saturated zone. This definition differs from the definition of
can choose a course of action. (See Section 12). judgement sampling contained in Guide D 6044: “taking of sample(s)

3.1.10.1 Discussion—At sites where remedial action is based on judgement that it will more or less represent the average
required, a Phase Ill study would be the equivalent to gondition of the population." The heterogeneity_ qf most geologic_ar)d
CERCLA feasibility study and a RCRA corrective measuressubsurface hydrologic systems means that statistical- and geostatistical-

study. It is beyond the scope of this practice to address Pha%)gsed sampling approaches will require a much larger number of samples
in t:'ietail 0 delineate accurately the extent and concentration of contamination. (See

X7.5.4.) Because the ESC approach depends primarily on expert judge-
3.1.11 ESC project—application of the ESC process by an ment for characterization of vadose zone and ground water contamination,
ESC provider to a specific site to give the ESC client,the experience and competence of the core technical team are paramount.
regulatory authority, and stakeholders the necessary informa-

) d 3.1.17 migration pathway-the course through which a
tion to analyze risk or apply regulatory standards-based . ) i

N . - tontaminant(s) in the environment may move away from the
cleanup criteria to choose a course of action (no action

ongoing monitoring, or remedial action). Source(s) to.potenyal enr:/.wonr?ep.tal r'eceptors.. -
3.1.11.1 Discussior—This practice focuses on use of the 3.1.17.1Discussior—This definition is essentially the same

ESC process to characterize contaminant migration pathwa 7;26 _ﬁ]rmégg)osure patfhway” used |ndGU|des E 1913 and D q
(and sources if they are not already known). An ESC projecP’ *°- '€ ESL Process Tocuses on vadose zone and groun
ater migration pathways because they are the most difficult to

may also be expanded to include fate and transport modelin : ’ X
for risk analysis and for remedial action as additional step aracterize, but it should address all other relevant contami-

after characterization of the contaminant source and migratiofant migration pathways. (E 1689)
pathways is completed. (See Section 12.) 3.1.18 on-site technical decision makirgthe use of
3.1.12 ESC project teamthe technical team leader, other judgement-based sampling and measurement and statistically
members of the ESC core technical team, and all othePased approaches, as appropriate, by the core technical team,
individuals who provide technical and other support during arfed by the technical team leader, within a framework defined by

Note 3—In the context of the practice this type of sampling is used to

ESC project. a dynamic work plan, to optimize field data collection during
3.1.13 ESC provider—organization that supplies the ESC @S ESC Phase I or Phase Il field mobilization.
project team to an ESC client. 3.1.18.1 Discussior—On-site technical decision making,

3.1.14 ESC technical team leaderan individual with train-  used by the ESC core technical team for field data collection

ing and experience in geologic and hydrologic systems (anés€€ 10.1.3), should not be confused with decision making by
familiarity with chemical systems and risk analysis methodsjhe ESC client, regulatory authority, and stakeholders to define
and the additional necessary skills for project managemenESC project objectives and data quality requirements and to
who oversees an ESC project and leads the ESC core techni¢&l00se a course of action when the project is completed. The
team in the field. (See also 7.1.1.) use of on-site technical decision making in the context of a
3.1.14.1 Discussior-During field investigation phases, the dynamic work plan is the approximate equivalent to the on-site
technical team leader relies heavily on the expertise of théerative process described in Guide E 1912.
other core technical team members and project support person-3.1.19 quality assurance (QA)-measures taken to indepen-
nel, but the leader retains responsibility for all decisionsdently check and verify that the quality control procedures
concerning ESC project activities, subject to quality assurancspecified in the QA/QC plan for an ESC project are being
and health and safety oversight. (See 7.3.3 and 7.3.4.) carried out.
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3.1.20 quality control (QC)y—the process of ensuring the geology and other prior data, the term “evolving” site model to
quality of data during their collection, measurement, integrarefer to the site model as it develops during an ESC project,
tion, interpretation, and archiving, through the application ofand the term “final” site model when further refinement is no
defined procedures. longer required to satisfy the objectives of the ESC project. The

3.1.21 regulatory authority—the federal, state, or local initial site model may include alternative hypotheses to explain
agency, or combination thereof, with primary responsibility for significant site features, which are tested, accepted, modified,
ensuring compliance with the environmental statutes andr rejected as the evolving site model develops. Depending on
regulations that prompted initiation of ESC at a site. the objectives of an ESC project, the final site model may or

3.1.22 requlatory standards-based cleanup criteia may not be comparable to the definitions of “conceptual site
contaminant cleanup criteria that do not involve a site-specifignodel” in Guides D 5745 and E 1689, which include sources,
risk analysis. migration pathways, and environmental receptors. Where only

3.1.23 remedial actior—a course of action chosen by an regulatory standards-based cleanup criteria are to be applied,
ESC client, regulatory authority, and stakeholders which inthe final site model includes sources and migration pathways
cludes an engineered solution to address contamination.  (12.2). Where risk analysis is the objective, environmental

3.1.23.1Discussior-As discussed in 4.4.2, the ESC pro- 'eceptors are usually incorporated into the final site model after
cess avoids a presumption that remedial action is required. [pource and migration pathways have been fully characterized
this practice, no action and ongoing monitoring are consideref€e 12.3).
to be alternatives to remedial action. 3.1.30 source—the location at which contamination has

3.1.24 risk analysis—the process by which an ESC client, entered the natural environment.
the regulatory authority, and stakeholders evaluate the results 3.1.30.1 Discussior—This definition has a more restricted
of an ESC project to choose a course of action based on the rigk€aning than the definition of source in Guide E 1689 which
posed by contaminant sources and migration pathways téicludes primary sources, such as leaking drums, and second-
environmental receptors. ary sources, such as contaminated soil. The definition in 3.1.30

3.1.24.1Discussion—This practice uses the terms “risk 'efers to primary sources of contamination, which are normally
analysis” and “analyzing risk” to avoid the more specific delineated before an ESC project begins. (D 5745)
connotations associated with the terms “risk assessment” and3-1.31 stakeholder-any individual or organization other
“risk evaluation.” An ESC project should be designed tothan the ESC client and regulatory authority that may be
accommodate any method(s) of risk analysis specified by th@ffected by the consequences of initiating ESC at a site,
ESC client, regulatory authority, and stakeholders. generally including owners, organizations, and individuals or

3.1.25 risk-based action level criteria-contaminant con- communities that may be affected by contamination at the site.

centrations above which the potential for risk to environmenta(S€e€ 5.2.1) ) ) )
receptors requires some form of risk analysis. 3.1.32 vac_iose zone-the hydrogeologlcal_ region extending
3.1.25.1 Discussior—Risk-based action level criteria would Tom the soil surface to the top of the principal water table;
normally be defined by the ESC client, regulatory authority,comn,“m!,y referred to as the unsatgrated zone” or “zone of
and stakeholders early in the ESC process. Typically sucgeration. The alternate names are mgdequate as they_ dc_) not
criteria are based on non-site specific risk analysis proceduret@k® into account locally saturated regions above the principle
such as those used to develop drinking water standards af¥er table (for gxample, perched water _zon(?s). (D 653)
maximum contaminant levels (MCLs) for specific chemicals, -2 Acronyms:Acronyms and Abbreviations:
but may also be developed based on site-specific consider- 3-2-1 ASG—accelerated site characterization. _
ations. 3.2.2 ASTM—American Society for Testing and Materials.
3.1.26 risk-based cleanup criteria-target contaminant con-  3-2.3 BHC—hexachlorocyclohexane (sometimes called
centrations, defined by site-specific risk analysis, to bé*&nzene hexachloride).

achieved by remedial action. 3.2.4 BLM—Bureau of Land Management.
3.1.27 site, n—a place or location designated for a specific ~ 3-2-> CCC—Commodity Credit Corporation.
use, function, or study. (D 5730) 3.2.6 CERCLA—Comprehensive Environmental Response,

3.1.28 site characterizatioa-the process by which geo- Compensation, and Liability Act of 1980, as amended, 42 USC

logic, hydrologic, and chemical system information relating to9620 €t seq. (also called Superfund).
contaminant migration pathways; the distribution, concentra- 3-2.7 CMS—corrective measures study.
tion and fate of contaminants; and environmental receptors is 3-2.8 COCs—chemicals of concern.
gathered, interpreted, and documented. 3.2.9 CPT—cone penetrometer.
3.1.29 site modet—a testable interpretation or working de-  3.2.10 CPT/LIF—cone penetrometer/laser-induced fluores-
scription of a site resulting from iterative characterization ofCence.
the geologic, hydrologic, and chemical systems to identify 3.2.11 DNAPLs—dense nonaqueous phase liquids.
relevant contaminant pathways; determine the distribution, 3.2.12 DQO—data quality objectives.
concentration, and fate of contaminants; and where appropri- 3.2.13 DOD—U.S. Department of Defense.
ate, identify environmental receptors. 3.2.14 DOE—U.S. Department of Energy.
3.1.29.1 Discussionr—This practice uses the term “prelimi-  3.2.15 EM—electromagnetic.
nary” site model to refer to the initial model based on regional 3.2.16 ECPT—electronic cone penetrometer.
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3.2.17 EPA—U.S. Environmental Protection Agency. 3.2.65 VOCs—volatile organic compounds.
3.2.18 ESA—environmental site assessment.
3.2.19 ESCG—expedited site characterization. 4. Significance and Use
3.2.20 FS—feasibility study (Superfund). 4.1 The ESC ProcessThis practice describes a process for
3.2.21 GPR—ground penetrating radar. characterizing ground-water contamination at sites, that pro-
3.2.22 IA—lowa. vides cost-effective, timely, high-quality information derived
' 3.2.23ICP/AES—inductively coupled plasma/atomic emis- primarily from judgement-based sampling and measurements
sion spectrometer. by an integrated, multidisciplinary project team during a
3.2.24 ICP/MS—inductively coupled plasma/mass spec- |imited number of field mobilizations. (See Appendix X1 for
trometer. additional background on the ESC process, its distinction from
3.2.25 IMA—immunoassay. traditional site characterization, and its relationship to other
3.2.26 KS—Kansas. approaches to site characterization and Appendix X6 and
3.2.27 MO—Missouri. Appendix X7 for illustrative examples of the ESC process.)
3.2.28 NE—Nebraska. 4.2 Determining Appropriateness of ESEhe ESC pro-
3.2.29 NM—New Mexico. cess should be initiated when an ESC client, regulatory
3.2.30 MCL—maximum contaminant level. authority, and stakeholders determine that contaminants at a
3.2.31 MDL—minimum detection limit. site present a potential threat to human health or the environ-
3.2.32 MSL—mean sea level. ment and the ESC process will identify vadose zone, ground
3.2.33 NPL—National Priority List (Superfund). water, and other contaminant migration pathways in a timely
3.2.34 OSB—oil seepage basin. and cost-effective manner, especially when decisions concern-
3.2.35 PA—preliminary assessment (Superfund). ing remedial or other action must be made as rapidly as
3.2.36 PA/Stpreliminary assessment/site inspection (Su-possible. Situations where the process may be applicable are as
perfund). follows:
3.2.37 PAHs—polyaromatic hydrocarbons. 4.2.1 CERCLA—CERCLA remedial investigation/
3.2.38 PCE—perchlorethylene (tetrachloroethylene). feasibility studies (RI/FS). (See Appendix X2.) This practice
3.2.39 QA—quality assurance. should be used in conjunction with U.S. ER23V)
3.2.40 QA/QCG—quality assurance/quality control. 4.2.2 RCRA—RCRA facility investigation/corrective mea-
3.2.41 QC—quality control. sures studies (RFI/CMS). (See Appendix X2.)

3.2.42 RBCA—Tisk-based CorreCt'Ve,aCt'on‘ Note 4—The ESC process can be continued to include CERCLA
3.2.43 RCRA—Resource Conservation and Recovery ACt,teasibility studies and RCRA corrective measures studies (see Section 12),

as amended, 42 USC 6901 et seq. but this practice focuses on its use for site characterization. Section X1.4.5
3.2.44 RI—remedial investigation/feasibility study (Super- describes the relationship of the ESC process to the DOE SAFER and EPA
fund). SACM programs for accelerating the cleanup of contaminated sites.
3.2.45 RI/FS—remedial investigation/feasibility study (Su- 423 ESA—Sites where environmental site assessments
perfund). N (ESAs) conducted by using Practice E 1527, Practice E 1528,
3.2.46 RFA—RCRA facility assessment. and Guide E 1903 identify levels of contamination requiring
3.2.47 RFI—RCRA facility investigation. further, more intensive characterization of the geologic and
3.2.48 RFI/CMS—RCRA facility investigation/corrective hydrologic system of contaminant migration pathways. Section
measures study. X1.5.3 discusses the relationship between ESAs and the ESC
3.2.49 RFP—request for proposal. process.
3.2.50 SACM—superfund accelerated cleanup model (U.S. 4.2 4 Petroleum Release Sitedarge petroleum release
EPA). sites, such as refineries. The user should review both this
3.2.51 SAFER—streamlined approach for environmental practice and Guide E 1912 to evaluate whether the ESC or
restoration (DOE). ASC process is more appropriate for such sites.
3.2.52 SG—South Carolina. 4.2.5 Subsurface RadioactivitySites or facilities with sub-
3.2.53 Sk—site inspection (Superfund) surface contamination by radioactivity not regulated by RCRA
3.2.54 SOPs—standard operating procedures. or CERCLA.
3.2.55 SDHEG—South Carolina Department of Health and  4.2.6 Defense Department Base Closure Actienghere
Environmental Control. vadose zone and ground water contamination are present.
3.2.56 SDWA—Safe Drinking Water Act. 4.2.7 Other Subsurface ContaminatierOther sites or fa-
3.2.57 SRS-Savannah River Site. cilities where contaminant migration in the vadose zone and
3.2.58 SVOCs—semivolatile organic compounds. ground water is a matter of concern and heterogeneity of the
3.2.59 TCE—trichloroethylene. vadose zone and ground water system or potential complex
3.2.60 TDEM—time domain electromagnetic. behavior of contaminants requires use of the ESC process.
3.2.61 TX—Texas. 4.3 Defining Objectives and Data Quality Requirements
3.2.62 UMTRA—Uranium Mill Tailing Remediation Act. The ESC process requires project objectives and data quality
3.2.63 USDA—U.S. Department of Agriculture. requirements that will provide the ESC client, regulatory
3.2.64 USDIU.S. Department of the Interior. authority, and stakeholders with the necessary information to
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analyze risk or apply regulatory standards-based cleanup ithat use some, but not all, of the essential elements described
order to choose a course of action. Once these have beémTable 1 may be appropriate for a site, but these approaches
defined, the ESC process relies on the expert judgement of tiveould not qualify as an ESC project as defined in this practice.
core technical team, operating within the framework of anASTM expects that as the ESC process becomes more widely
approved dynamic work plan, as the primary means fowused, modifications, enhancements, and refinements of the
selecting the type and location of measurements and samplesocess will become evident and will be incorporated into
throughout the ESC process. An ESC project focuses ofuture versions of this practice. ASTM requests that sugges-
collecting only the information required to meet the projecttions for revisions to the guide based on field application of the
objectives and ceases characterization as soon as the objectiy@scess be addressed to: Committee D18 Staff Manager at
are met. ASTM International.

Note 5—This practice uses the term “data quality requirements” to Note 6—Users may prefer to use or develop alternative terminology
refer to the level of data accuracy and precision needed to meet thior different aspects of the ESC process, depending on the regulatory
intended use for the data. The U.S. EPA Data Quality Objectives (DQO¥ontext in which it is applied. However, precise or approximate equiva-
process is one way to accomplish this. The ESC process applies tHencies to steps or functions in the ESC process should be clearly
concept of quality control and data quality requirements to geologic anddentified. See, for example, RCRA and CERCLA equivalencies in
hydrologic data as well as chemical data, but within a general frameworl&ppendix X2.
of judgement-based rather than statistical sampling methods. Section 4.6 Use of ESC in Conjunction with Other MethedShis

X1.4.4 discusses the DQO process in more detail along with the role of . . . . - .
judgement-based and statistically based sampling methods in the E actice can be used in conjunction with Guide D 5730 for

process. Practice D 5792 provides guidance on development of DQOs f&qentification of pOte_mia”y applicable ASTM standards and
generation of environmental data related to waste management. major non-ASTM guidance. In karst and fractured rock hydro-

4.4 Use of ESC Process for Risk Analysis and Remedia%i?(lj%gg 2?{';93’ this practice can be used in conjunction with

Action
4.4.1 Characterizing Contaminant Migration Pathways 5. Summary of ESC Process

Normally an ESC project will characterize the contaminant g 1 Advantages of ESGThe ESC process, when properly
migration pathways (and sources if not already known) beforgmplemented, should provide higher quality information for
any detailed risk analysis involving exposure to environmentajjecision making in a shorter period of time and a lower cost
receptors is performed, because environmental receptors afigan traditional site characterization where contaminant migra-
not known until the migration pathways are known. Risktion in the vadose zone and ground water are a matter of
analysis expertise will normally be required as an input intoconcern. Appendix X1 discusses the features of ESC that make
defining project objectives and data quality requirements (segjs possible. Many current problems with remedial action at
4.3); such expertise is involved as appropriate during field datgontaminated sites can be attributed to inadequate understand-
collection phases of an ESC project. Identification of contamijng of the geologic and hydrologic system of contaminant
nant sources and environmental receptors for risk analysis igjgration pathways, which results in failure to delineate the
straightforward at most sites and does not, per se, require thg|| extent of contamination and the controls on contaminant
ESC process. The ESC process focuses on characterizifgigration and suboptimal design of remedial measures. The
vadose zone and ground water contaminant migration pathnyltidisciplinary and focused nature of the ESC process results
ways and determining the distribution, concentration, and fatg, a final model of a site that minimizes uncertainty concerning
of contaminants along these migration pathways, because thegf: geologic and hydrologic conditions and the spatial distri-
factors are more difficult to identify than sources and environyytion and concentration of contaminants, providing a sound
mental receptors. basis for choosing the appropriate course of action.

4.4.2 Considering Remedial Action and AlternativeShe 5.2 Organization of an ESC ProjectThe ESC client is
ESC process is designed to avoid a presumption that remedigtimarily responsible for deciding that the ESC process is the
action is required (that is, an engineered solution rather than ngest way to obtain the information needed to choose a course
further action or ongoing monitoring). In any ESC project, of action to address contamination at a site (see 6.1). Fig. 2
remediation engineering expertise is incorporated into th@ustrates key relationships in an ESC project.
process at the earliest point at which a need for remedial action 5 2.1 ESC Client, Regulatory Authority, and Stakeholders
is identified. (See 13.3.) Guide D 5745 provides guidance forhe ESC client, regulatory authority, and stakeholders provide
developing and implementing short-term measures or earlihe overall framework for an ESC project by defining project
actions for site remediation. objectives and data quality requirements. The technical team

4.5 Flexibility Within ESG—Modification of procedures |eader along with other project team members as appropriate,
described in this practice may be appropriate if required talso participate in this process to ensure that the objectives and
satisfy project objectives or regulatory requirements, or fordata quality requirements are reasonable and technically fea-
other reasons. The ESC process is flexible enough to accorgible.
moQate a variety of different teChnica.I apprpaches 0 obtr_;lining Note 7—The ESC client is responsible for defining the level of
enVIronmen.tal data. Howe.ver’ foran |nvest|ga_t|_on t.o qualify a‘anvolvement of the regulatory authority and stakeholders in an ESC
an ESC project, as formalized by ASTM, modifications shouldyygject and for setting protocols for their interactions with the ESC project

not e"_minate any of the sten_tia' features _Of the ESC procesgsam. The credibility of ESC project results will be seriously compromised
listed in Table 1. Alternative site characterization approaches the ESC client does not provide for meaningful participation of
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e
ESC Client Regulatory Authority
= Stakeholders
- L - == \v
e .
‘/ Technical team leader Project Support®
\ /
S " < Personnel providing the following
Core Technical Team support functions:
other team members with expertise in:! * Logistics (7.3.1)
¢ Geoscience technical support
* geologic systems * Drilling/direct push operation
¢ hydrologic systems * Spatial control (surveying)
* chemical systems ¢ Chemical analytical support
* Data management (7.3.2)
* Quality assurance (7.3.3)
* Health and safety (7.3.4)
* Community relations (7.3.5)
* Contract management
* Statistics/geostatistics (7.3.6)
* Fate and transport analysis (7.3.7)
* Risk analysis (human health
ESC Project Team and ecologic) (7.3.8)
* Remediation engineering (7.3.9)
(supplied by ESC provider) ¢ Other technical experts with prior
site experience (7.3.10)
¢ Waste management

! Other areas of expertise may be included in the core technical team, as appropriate. The main criterion for
determining whether a person with an area of expertise should be included in the core technical team is
whether the type of expertise is required both for the process from beginning to end of an ESC project and
for on-site technical decision making to optimize field investigations.

? Involved as needed throughout the process.
FIG. 2 ESC Project Team Relationships

stakeholders throughout the ESC process. The ESC client is encouragedttve process (see 7.1). The technical team leader operates in
facilitate resporllsiblefstakeholﬁerEinsv((j)lv?_ment in tr|1e ESC prr?ce_ss. Trgébse communications with the ESC client, and with the
practice normally refers to the client, regulatory authority, andye g at0ry authority and stakeholders, subject to protocols
stakeholders as a group, but the extent of stakeholder involvement, in . . .
particular, will be determined by the willingness of the ESC client to allow established by the ESC client. (See Note _7') The core technical
participation and the extent to which stakeholders insist that they béeam members are involved, as needed, in all steps of the ESC

involved in the process. process; they are present in the field during data collection

5.2.2 Core Technical TeamThe core technical team, involving their areas of expertise and participate in the data
headed by a technical team leader and typically consisting gfollection, processing, and interpretation. The optimization of
three or four individuals with expertise in geologic, hydrologic, field investigation activities and the quality of the final site
and chemical systems appropriate to the site, provides snodel depend on the interaction of the different perspectives of
continuous, integrated, multidisciplinary presence throughouthe core technical team members.
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5.2.3 Project Support—The ESC core technical team oper- 5.3.7 Project completion (see Fig. 4 and Fig. 5, and Section
ates with the support of a larger project team that include4?2).
technical personnel and equipment operators involved in data 5.4 Implementation of ESSSection 13 discusses consid-
collection and sampling, as well as personnel providing otheerations in the implementation of ESC as follows:
support functions such as logistics, data management, QA/QC, 5.4.1 Relationship to regulatory process (see 13.1 and Ap-
health and safety, and community relations (see 7.3). Somgendix X2).
areas of project support expertise, such as statistics/ 5.4.2 Role of risk analysis in ESC process (see 13.2).
geostatistics, fate and transport analysis (including digital 54.3 Relationship of remediation engineering design and
modeling), risk analysis, and remediation engineering, maymplementation to ESC (see 13.3).
have a special role early in a project in defining the type of data 5 4.4 Role of modeling in ESC process (see 13.4).

required for the project and data quality requirements and are 5 4 5 procurement and contracting procedures for ESC (see
involved throughout the project as needed. 13.5).

5.2.4 Individuals with Multiple ResponsibilitiesQualified 5.4.6 Performance indicators for evaluating the success of
individuals within the core technical and support team carryesc (see 13.6).

out several functions to decrease costs and increase integrations 4 7 Factors that may affect performance indicators (see
of the team. The number of individuals required to provide13_7)_

project support for an ESC project is site specific. Although the
number of project support functions shown in Fig. 2 is large,g
the total amount of time spent for each function varies
considerably. For example, during field operations, project . . o
support personnel involved in data management and health and®-1 Decision to Initiate ESE-The ESC process is initiated

safety are present at all times, whereas personnel providing€n an ESC client, regulatory authority, and stakeholders
most other project support functions are present only adetermine that contaminants at a site present a potential threat
needed. to human health or the environment, and the ESC process will

5.2.5 ESC Work Plans-Each phase of an ESC investigation identify vadose zone, ground water, and other relevant con-

take place within the framework of a dynamic work plan thatt@minant migration pathways In a timely anq cost-effec_:nve
manner, especially when decisions concerning remedial or

is reviewed and approved by the ESC client, regulatory, ) . : .
authority, and stakeholders. The Phase | work plan provides th the_r_ action must be expedited as rapldly as possible. '_I'he
overall framework for an ESC investigation (Section 9). The ecision to initiate the ESC process 1s _based on chem_lcal
word “dynamic” refers to the section of the work plan that sample an.d other data from prellmlna.ry site characterization.
identifies the suite of field investigation methods and measureTh'S. practice does not addrgss spegmc procedures for such
ments that may be necessary to characterize a site, and the ﬁ&Fhmlnary site charactenzgﬂon, but it assumes that the ESC
approach where the actual methods used and the location ent and regulatory authority have sufﬁ(_:l_ent mforma@tpn to
measurements and sampling points is based on on-site techt I@mde that the ESC process should be |n|t|at_e_d. Acquiring this
cal decision making. Work plans for subsequent phases at formation gene_rally requires a RCRA facility asge;sment
FA) at RCRA sites or a preliminary assessment/site inspec-

generally incorporated into the report for the previous investi-. L )
gation phase and only include information about the next phastéon (PA/SI) at CERCLA sites; see Appendix X2. At petroleum

. S . . . elease sites, Guide E 1739 may provide the basis for deciding
g:‘;]vestlgatlon thatis not already included in the Phase | Worl{/vhether the ASC or ESC processes should be initiated at a site

. . (see X1.5.1 and X1.5.2). Some form of initial assessment

flos\}s dioaviglr'ﬁ;/v i(I)ILsI,EtrSaCtinProiﬁn ortlgrii iéit%rézegnzx%il?ggnwouId also be required at other types of contaminated sites to
oints ingthe ESC rocegs TFr)we steps outlined in this figur rovide the basis for a decision to initiate the ESC process. Fig.
P P ’ P 9 presents a flow diagram that can help determine whether the

generally need to be followeq in sequence. However, SOME g process of other site characterization approaches may be
steps are not strictly sequential. For example, Step 3b is thg

L . . : ) ropriate for a site.
first iteration of the evolving site model that continues to be P . : S
refined throughout the process. Major steps are as follows: 6.2 Procuring an ESC ProviderThe ESC client is respon-

. i . ... sible for procuring an ESC provider. The ESC provider
5.3.1 Initiate the ESC process and define project ObJect'veﬁientiﬁes t%e tech?]ical team Igader at the outset \F/)vho then
and data quality requirements (see Section 6). '

X _ i becomes responsible for the ESC project. Section 13.5 dis-
5.3.2 Establish ESC project team (see Section 7). ~ cusses some considerations in procuring an ESC provider.
5.3.3 Develop ESC project (see Section 8), including reviewsection 7.4 describes criteria for evaluating qualifications of
and interpretation of prior data, initial site visit, development ofthe ESC core technical team and other project support person-
preliminary site model, and selection of multiple complemen-ng|.
tary investigation methods. 6.3 Defining Objectives and Data Quality Requiremests
5.3.4 Develop Phase | dynamic work plan (See Section 9)project objectives, data quality requirements, and criteria to
5.3.5 ESC Phase | investigation, focusing on geologic an@valuate when objectives have been met should be defined by
hydrologic characterization (see Section 10). some process that includes the ESC client, the regulatory
5.3.6 ESC Phase Il investigation, focusing on the distribu-authority, stakeholders, and the technical team leader, sup-
tion, concentration, and fate of contaminants (see Section 11ported by other core technical team members.

Initiating the ESC Process and Defining Objectives
and Data Quality Requirements

10
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1. Initiate
ESC process
(Section 6)

ESC client, regulatory authority, and stakeholders
determine that ESC process should be initiated at
at a site (6.1).

¥

a. ESC client procures ESC provider; ESC technical
team leader becomes responsible for ESC project (6.2).

¥

b. ESC client, regulatory authority, stakeholders,
and ESC technical team leader perform formulate
and first iteration of project objectives and data
quality requirements (6.3).

¥

2. Establish ESC provider’s technical team leader selects

ESC Project Team core technical team, which works together through-
(Section 7) out the process. Other project team members are
selected and participate as needed.

'

3. Develop ESC a. ESC core technical team collects, archives,
Program evaluates quality of, analyzes, integrates, and
(Section 8) interprets existing data (8.1-8.3). Core

technical team and logistics coordinator conduct
initial site visit (8.4).

¥

b. ESC core techhical team develops preliminary
site model] and identifies critical questions and
hypotheses that must be answered and tested (8.5).

-

c. ESC core technical team selects multiple,
complementary measurement methods for possible
use during the site investigation (8.6).

Y

4. Develop ESC core technical team develops Phase I work <
Dynamic Work plan including the following:
Plan * regulatory framework
(Section 9) * site description and history
* analysis of existing data/preliminary site model
¢ project objectives and data quality requirements
* Phase I dynamic technical program
addressing all relevant contaminant pathways
* schedule
¢ field protocols/standard operating procedures
* quality assurance/quality control plan (all
aspects)
* data management plan
¢ health and safety plan
* community relations plan

Is Phase I work plan acceptable to ESC no Revise Phase I
client, regulatory authority, and stakeholders? work plan

i yes

FIG. 3 Expedited Site Characterization Flow

6.3.1 Data Quality RequirementsThe use of a primarily tance of the analytical results by the ESC client, regulatory
judgement-based sampling approach in the ESC process fauthority, and stakeholders and allows the data to be used for
delineation of the distribution and concentration of contami-risk analysis without resampling. Screening-type chemical
nants means that chemical analysis methods that providenalysis methods for indicator geochemical and contaminant
definitive data for contaminants of concern are used from th@arameters, may be used as a complementary method for
beginning of an ESC project. This allows maximum accep-developing an understanding of the geologic and hydrologic

11
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5. Phase I a. ESC core technical team and other required

Investigation technical support personnel collect field data e

(normally single focusing on geologic and hydrologic system

mobilization) of relevant pathways (10.1). Field data are

(Section 10) reduced and archived on site (10.1.2).

1 daily

b. Daily data reduction, integration, visualiza- cycle
tion, interpretation, and refinement of evolving
site model occur in field (10.1.3).

Have Phase I field objectives been met? > no Plan next day’s
10.1.4) measurements and

‘ yes predict results.

¢. ESC core technical team writes Phase 1
report and develops dynamic technical approach
and objectives for Phase II work plan (10.3).

Is Phase I report/Phase II work plan no Revise Phase 1
acceptable to ESC client, regulatory | report/Phase IT
authority, and stakeholders? work plan.

yes

6. Phase II a, ESC core technical team and other required
Investigation technical support personnel collect field data
(normally single focusing on distribution, concentration, and
mobilization) fate of subsurface contamination. Field data
(Section 11) are reduced and archived on-site.

{ daily

b. Daily data reduction, integration, visuali- cycle
zation, interpretation, and refinement of
evolving site model occur in field.

<Have Phase II field objectives been met? > no_ Plan next day’s

measurements and
yes predict results.

c. Write Phase II report describing final
site model.

Is Phase II report acceptable to ESC client, no Revise Phase II
regulatory authority, and stakeholders? report.
l yes

7. Project Completion Are regulatory standards-based cleanup no Go the Fig. 5 (risk-
(Section 12) criteria being applied to the site? based decision process)
i yes
Go to Fig. 4

FIG. 3 Expedited Site Characterization Flow  (continued)

system. Also, once the extent of contamination is known?3/071). This would generally require methods meeting Data Quality
additional sampling using less expensive analytical methodbevel 3 that is described in Appendix X2 in Guide E 1912, which in turn

may be used to map contaminant concentrations in more detaff,_adapted from the data quality hierarchy used by the New Jersey
Department of Environmental Protection.

Note 8—Chemical data quality classifications schemes vary somewhat e . L . .
between regulatory programs. The previous paragraph uses the term 6-3.2 Modifications—Definition of project objectives and

“definitive data” in the sense defined in U.S. EPABata Quality data. quality reqUi'r?m?ntS is an iteratiV? process that may
Objectives Process for Superfund, Interim Final Guida(EBA/540/G-  require some modification as an ESC project proceeds. Where

12
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L Figure 3 J

4

7. Project Does Phase II source/migration pathways site
Completion model delineate areas of contamination that
(Section 10) exceed cleanup criteria?

C project provides basis
for no action decision by
ESC client, regulatory
authority, and stakeholders,

yes

Does distribution, concentration, and fate of no ESC project provides basis
subsurface contaminants require predictive for presumptive remedy
modeling, remedy analysis, or both to make selection by ESC client,

remedial action decisions? regulatory authority, and

stakeholders.
l yes

a. Develop Phase ITI work plan. e
* predictive modeling (as appropriate)
¢ remedy analysis

Is Phase III work plan acceptable to ESC no Revise Phase III
client, regulatory authority, and stakeholders? work plan.

yes

b. Perform predictive fate and transport i
modeling, as appropriate, remedy analysis,
treatability studies, etc.

Y

Are all data required to complete predictive no Collect additional
modeling and remedy analysis available? (limited) data as needed.

yes
4
Write Phase IIT report. e
L]
Is Phase III report acceptable to ESC client, no Revise Phase III
regulatory authority, and stakeholders? report.
yes

Y

ESC client, regulatory authority, and
stakeholders select remedy or remedies.

FIG. 4 ESC Project Completion Flow Diagram (Regulatory Standards-Based Cleanup Criteria)

an ESC project is to be used for risk-based decision makingyf experienced individuals with expertise in geologic, hydro-
the risk analysis method to be used will affect data qualitylogic, and chemical systems. The ESC provider is responsible
requirements. If contaminant sources and contaminants dbr establishing the ESC core technical team, which will
concern are not known, their definition can occur by additionatypically consist of two or three members in addition to the
sampling and analysis as a separate activity before an ES@chnical team leader. The core technical team members are
project begins, or this activity can be incorporated as arhands-on professionals who supervise all field operations in

objective of the ESC project. their area of expertise and are personally involved with much
o ) of the data acquisition. The technical team leader, with the
7. Establishing the ESC Project Team support of other core technical team members, is responsible

7.1 ESC Core Technical TeamThe ESC process will not for all data and for ensuring proper data management, inter-
work without an effective, integrated technical team consistingoretation, and integration of data into a site model and reports.

13
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7. Project Completion Does Phase II source/migration pathways site
(Section 10) model delineate areas of contamination that
present potential risk to environmental receptors?

ESC project provides basis
for no action decision by
ESC client, regulatory
authority, and stakeholders,

yes
a. Use Phase 1II site no Does distribution, concentration, and fate of
model for qualitative subsurface contaminants require predictive
risk analysis. modeling, to analyze risk?

yes

b. Develop Phase III work plan.
* predictive modeling
* remedy analysis (as appropriate)

Is Phase III work plan acceptable to ESC no Revise Phase III
client, regulatory authority, and stakeholders? | work plan.

yes

¢. Perform predictive fate and transport modeling
(collect additional data as needed).
ol

ey J no

<Does contamination pose unacceptable nsk:>-

yes

Does distribution, concentration, and fate of no ESC project provides basis
subsurface contaminants require additional for presumptive remedy

predictive modeling, remedy analysis, or both selection by ESC client,
to make remedial action decisions? regulatory authority, and
stakeholders.

yes

d. Perform additional predictive fate and
transport modeling, as appropriate, remedy <
analysis, treatability studies, etc.

'

Are all data required to complete predictive no Collect additional
modeling and remedy analysis available? (limited) data as needed.

yes
e. Write Phase III report. <%
)
Is Phase III report acceptable to ESC client, no Revise Phase IIT
regulatory authority, and stakeholders? report.
es
¢

ESC client, regulatory authority, and
stakeholders select remedy or remedies.

FIG. 5 ESC Project Completion Flow Diagram (Risk-Based Decision Process)

The technical team leader and other core technical tearncludes a planning team and a field team. In this practice and in the EPA
members are supported by appropriate personnel and on-siegidance, the team leaders are functionally and practica!ly equalent.
and off-site contracted personnel as needed (see 7.2 and 7_§5J_th this practice and the EPA guidance strongly emphasize the impor-

; i dance of the active involvement of highly experienced personnel in the
The memberrls (?f Tlhe ESCf Cm? tec_hmcal team must be qua“fle?reas of geologic, hydrologic, and chemical systems in planning and field
to perform the following functions: activities. In practice, core technical team members would be on both the

Note 9—EPA guidancg37) recommends a project organization that

14
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Perform PA/SI, RFA, Phase don’t Is contaminant migration in the vadose no Use other site characterization
IAI ESA, RBCA process zone and ground water a matter of approach, as appropriate.
(tier 1, tier 2), or other know concern?

preliminary investigation to
identify contaminants of
concem. yes
Are contaminants of concem other no Is ASTM ASC process yes Use ASTM ASC
than petroleum hydrocarbons (toxic, appropriate for the site? Process.
hazardous, or radioactive)?
yes no

Does heterogeneity of the vadose zone
and ground water system or potential
complex behavior of contaminants
require use of ESC process?

Use other site characterization
approach, as appropriate.

yes

Initiate ESC process.

ASC = Accelerated Site Characterization for Confirmed or Suspected Petroleum Releases (ASTM Guide PS 03).
ESA = Environmental Site Assessment (ASTM Practices E1527/E1528).

PA/SI = CERCILA Preliminary Assessment/Site Inspection.

RBCA = Risk-Based Corrective Active (ASTM Guide E1739 for Petroleum Release Sites).

RFA = RCRA Facility Assessment.

FIG. 6 Flow Diagram for Initiation of Expedited Site Characterization Process

planning team and the field team (as needed) and other project personmelent, and leadership responsibilities of the technical team
would be on either the planning team, the field team, or both. leader require an individual with extensive training and expe-
7.1.1 Technical Team LeaderThe technical team leader is rience in geologic and hydrologic systems (and a familiarity
ultimately responsible for all decision related to the design anavith chemical systems, risk analysis methods, and remedial
implementation of an ESC project, within the framework technologies) and a working understanding of other aspects of
provided by the approved dynamic work plan. This authorityproject management for contaminated site characterization.
should not be confused with the authority to make decisions 7.1.2 Core Technical Team ExpertiseThe core technical
concerning a course of action based on the results of an ES@am, which includes the technical team leader, requires a high
project, which is the responsibility of the ESC client, regula-level of expertise and experience in geologic, hydrologic, and
tory authority, and stakeholders. The technical team leader is@emical systems. Individuals on the core technical team need
fully technically qualified and functioning member of the core to be integrators as well as specialists, with in-depth expertise
technical team, who leads the project, works with the othein some areas and the ability to communicate well with other
technical core team members in interpreting data and integrateam members having complementary areas of in-depth exper-
ing results, and determines when project objectives have bedise. Section 7.4 discusses criteria for evaluating qualifications
met (see 10.1.4). The technical team leader is expected w@f core technical team members and other project personnel.
exhibit a high level of professional judgement and personallhe relative importance of specific areas of geologic and
initiative in carrying out an ESC project. The technical teamhydrologic expertise will vary somewhat from site to site, but
leader is the primary point of contact for the ESC client and, ifmost sites will require individuals on the core technical team
authorized by the ESC client, the regulatory authority. Thewith expertise in soil science, geology (with emphasis on
technical team leader works with project team members tatratigraphy, petrology, and structural geology), geophysics
ensure that regulatory requirements specific to filling permits(where geophysical methods are appropriate for the site),
securing access agreements, meeting local codes, and so fohydrogeology, and geochemistry (broadly defined to include
are met, although the actual tasks may be assigned to othehemistry of solid, gaseous, and aqueous phases). Desirable
project personnel. She or he is responsible for ensuring that trereas of secondary expertise (or primary expertise where air
ESC client and regulatory authority are fully informed aboutand surface water are significant contaminant pathways) may
the progress of an ESC project. The technical team leader is include geomorphology, surface water hydrology and sedimen-
the field during the entire field investigation and works with thetology, and climatology/meteorology. Areas of secondary ex-
core technical team in interpretation of data as it is collectedpertise may also be provided by other project support person-
modifying the evolving site model in collaboration with other nel. Chemistry expertise on the core technical team needs to
technical members of the team and making decisions concerover both analytical chemistry (organic/or inorganic chemis-
ing subsequent data collection efforts. The technical, managéry, or both, as appropriate) and knowledge of contaminant
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characteristics for evaluating their fate and transport. To this 7.1.6 Core Technical Team Data Management and QA/QC
end, desirable areas of secondary expertise may include sdétlesponsibilities-Although data management (7.3.2) and
and water microbiology and ecotoxicology. Areas of secondarfQA/QA (7.3.3) are specific ESC project support functions, the
expertise may also be provided by other project supportechnical team leader, supported by the other core technical
personnel. The core technical teams includes such otheeam members, is responsible for ensuring that data collection
technical or functional expertise as may be needed to addressrelevant to the objectives of the project (that is, necessary to
the specific site being characterized. satisfy data quality requirements), QA/QC procedures for data
7.1.3 Core Technical Team Field OperatioasThe ESC  collection and processing for respective areas of expertise are
process differs from traditional site characterization by thestrictly followed, and field data reduction and processing do
involvement of multiple experienced technical personnelnot introduce errors into the data and evolving site model. It is
throughout the process, including field operations (see Apperespecially important that core technical team members be
dix X1). All members of the core technical team are directlyfamiliar with the limitations of any software used to analyze
involved with supervising field operations in their area(s) ofdata, such as truncation of numeric data and the interpolation/
expertise and are personally involved with much of the dataxtrapolation errors associated with gridding, contouring, and
acquisition. The technical team leader, supported by other congsualization programs.
technical team members, is responsible for ensuring data 7.2 ESC Project Team-Fig. 2 identifies the major func-
quality and effective data management and also interprets dafignal areas required to support an ESC core technical team,
and integrates the results into the evolving site model andnd 7.3 discusses major project support functions further.
reports. The technical team leader has the final authorityhdividuals providing some types of project support expertise,
on-site technical decision making concerning field operationssuch as statistics/geostatistics, fate and transport analysis
If unavoidable circumstances require the technical team leadgjhcluding computer modeling), risk analysis, and remediation
to be absent during field operations, another member of th@ngineering' may have a Specia| role ear|y in a project in
core technical team should be designated as the acting techgjefining the type of data required for the project and data
cal team leader, who, in telephone consultation with theyyality requirements and are involved throughout the project as
teChnical team Ieader, makes dECiSiOHS Concerning the neﬁbeded_ Depending on training and experience, technical
day’s activities. Other core technical team members are in thgypport personnel may cover more than one area of expertise.
field for data collection involving their primary area(s) of The ESC project team roster should clearly identify the
expertise and are available for telephone consultation whegypertise of each member. As with the ESC core technical
they are not present in the field. team, continuity is important. If a discipline is required for
7.1.4 The Importance of ContinuityThe individuals onthe  more than one mobilization, the same individual should be
core technical team who begin an ESC project should stay witihvolved, if possible, in all phases of the investigation, includ-
the team to completion. The success of the ESC procesag review, planning field data interpretation and report writ-
depends on a high level of integration and continuity within theing. The logistics coordinator plays an essential role in facili-
ESC core technical team. Individuals capable of performingating field operations (see 7.3.1). The data manager is
the various functions of the ESC core technical team should bﬁesponsible for identifying other personnel needs for data
identified and regularly briefed on the progress of work as ananagement, such as needs for computer data entry and quality
contingency if unforeseen events require a change in the teargontrol (see 7.3.2). The QA officer (see 7.3.3) and health and
7.1.5 The Importance of a Multidisciplinary Perspective  safety officer (see 7.3.4) are the only personnel who are not
The ESC process differs from traditional site characterizationultimately answerable to the technical team leader. They are
and other accelerated site characterization approaches by itelependently responsible for assuring that the investigation
emphasis on placing a group of experienced personnel (theomplies with appropriate regulations and practice in their
core technical team) in the field (see Appendix X1). The cost oireas of expertise. Two basic approaches are available for
fielding highly experienced personnel can generally be exassembling an ESC field team. Whichever approach is used,
pected to be offset by the expert judgement that typicallythe core technical team should function as a single, unified
reduces time and total cost to obtain an accurate final siteam during the entire ESC project.
model (see Table X1.3). This expert judgement is required,
because the heterogeneity of vadose zone and ground watefNoTe 10—U.S. EPA(37, Chapter I, Section 3, and Appendix B)
flow systems has historically resulted to two common Out_ici)cr)cr)]\gdes additional guidance on personnel responsibilities and qualifica-
comes from site characterization efforts: a site model with so ™~
much uncertainty that it does not provide a useful basis for 7.2.1 In-House Project TeamWhere an ESC provider has
making decisions (when decisions are made, often resulting ianough qualified staff, it may be possible to establish a field
bad decisions) or very high costs because the variability ofeam entirely or mostly from within the organization. The
geologic and hydrologic systems requires a large number aflose, ongoing relationship between team members allows
samples to reduce uncertainty with statistically based samplingntegration during all phases of the ESC project for a site. A
approaches. The multidisciplinary perspective of the coresingle team is typically engaged in multiple projects. In-house
technical team functions as an on-site peer review of thexpertise may be supplemented in certain areas, such as by
evolving site model and will reveal inconsistencies that mightsubcontracting for chemical analysis, drilling, and geophysical
be missed by a single experienced individual. surveys.
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7.2.2 Project Team with Consultants and Subcontracters involved with data acquisition, initial data processing, and
The ESC provider may develop an ESC core technical tearimterpretation. Initial data processing is commonly done by the
that consists largely of individual consultants and subcontracindividuals making the measurements (that is, geologic boring
tors. The involvement of different organizations provideslogs, slug tests, geophysical measurements, and so forth.) and
different perspectives with the effect of fostering peer reviewijs often done on a separate computer with specific software.
Integration and coordination of the field team may be moreonce the data are in the hands of the data manager, data quality
difficult than with a single organization, and scheduling con-control becomes his or her responsibility (see Appendix X5),
flict_s for subcontractors with small staff may occur if_ the ESCexcept that the person who originally acquired the data has a
project extends longer than expected. It is essential that thesntinuing responsibility to check the integrity of the data.
core technical team and subcontractors have a good working 7.3.4 Health and Safety-The health and safety officer is

relationship when this approach is used. The ESC case S'[Udymdependently responsible for monitoring field activities and to

K . . n
Appendix X7 illustrates an ESC project team that used : . .
primarily consultants and contractors. ensure that operations are in conformance with the health and

safety plan.

Note 11—In the context of this practice the ESC provider is the prime 7 3 5 Stagkeholder Liaison and Community Relatiens
contractor, and ESC subcontractors would be companies that have enterg?lnooth functionina and acceptance of ESC team activities
into a contract with the ESC provider to provide equipment or expertisereql‘IireS participatign by and g(F))Od communication with stake
required for the project team - -

) ) holders who are concerned with the outcome of an ESC

7.3 Other Project Support Functions . ~ project. The liaison function is proactive, having the objective

7.3.1 Logistics Coordinatior-The logistics coordinator is o positive and early engagement with all stakeholders in the
responsible for ensuring that all aspects of a field mobilizatiore g project and the future of the site and continues until the
run smoothly. Agtlvmes performed _b_y th_e Iog|st|c_s co_ordmatorESC project is completed. The technical team leader supports
include all mobilization and demobilization coordination, mak-t e ESC client in stakeholder liaison and, if authorized, may

Ionrg ar?ilgian Siﬁur'%sagn%ngeemerr:;t 6]}2? te:ic%t;]?::g?ttlggmnrii?n-erve as the primary point of contact for an ESC project. Other
9 g supp quip roject personnel may provide support for community rela-

bers. Technical training and experience are not required fors h blicit d izati f publi tna. S
logistics coordinator, but good organizational skills are essen: 1>y SUCT as PUBTICILy and organization of public meeting. See
tial. also 7.4 and 9.2.9.

7.3.2 Project Data ManagementThe project data manager 7.3.6 Statistics_/Geqsta_tistiesAs noted in 7.1.5,_ the ESC
is responsible for assembling, organizing, and archiving projed®"0cess uses primarily judgement-based sampling and mea-
data (see Appendix X5) and is in the field for the duration ofSUrements to chara_cte_nze_ the geologic and hydrologic system
any field work when the full ESC team is mobilized. This @hd contaminant distribution along vadose zone and ground
function is essential for allowing the technical team leader andvater migration pathways. Statistical sampling approaches
other technical members of the field team to interpret the fieldnay also be used, as appropriate.
data for on-site technical decision making. Ideally, the indi- 7.3.7 Fate and Transport AnalysisAs discussed in 13.4, if
vidual performing field data management is fully qualified,it occurs as part of an ESC project, full-scale fate and transport
with experience in geologic and hydrologic systems, and hagnalysis takes place after the ESC Phase | and Phase I
training and experience with computer hardware and softwargvestigations are completed. The person primarily responsible
used by the team (that is, databases and database managemgiitihis function should provide input into the work plan to
geographic information systems, computer-assisted drawingnsure that data necessary for fate and transport analysis are
programs, contouring/cross section programs, and other ViSip|lected. Individual(s) in this functional area may also be
alization software). A critical capability of the data manager isjyyolved in field data collection as a technical support function.

the ability to convert a W.'de variety of data from_varlous 7.3.8 Risk Analysis-As discussed in 13.2, and ESC project
software programs expediently for use by the project team

members. Field spatial control should be under the direction Oﬁhould_gnsqr? that gata COHG‘TCtdedu“.nE ESCI Phasehl and Phﬁse
a licensed land surveyor or other qualified staff where appro: P'OVId€s Information required for risk analysis where suc

priate. Spatial data should be managed and referenced todgalysis provides the basis for decision making (see Section

single site coordinate system, and maps and cross section€)- Risk analysis needs will usually be defined as part of the

should be developed by an individual familiar with cartographyPT0cess for developing project objectives and data quality
and appropriate computer graphics software. requirements (see 6.3) in order to ensure that the necessary data

7.3.3 Quality Assurance/Quality ContrelThe QA man- are being .coIIected. by_ the.ESC projgct. Where project opjec—
ager is independently responsible for monitoring field activitiediV€S require quantitative risk analysis, this function requires
and conducting audits, as appropriate, to ensure that procedurgowledge of regulatory-approved risk analysis procedures
in the QA/QC plan are being followed. The personnel respona”d familiarity with EPA and state contaminant screening
sible for QA should have broad familiarity with field and !evels and health-based cleanup criteria.
analytical methodologies. As noted in 7.1.6, the technical team 7.3.9 Remediation EngineerirgAs discussed in 4.4.2 and
leader, supported by the appropriate core technical tearh3.3, remediation engineering expertise is incorporated into the
members, has primary responsibility for data adequacy. Qualit{fSC process at the earliest point when a need for remedial
control of data begins with the individuals who are directly action is identified.
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7.3.10 Technical Experts with Prior Site Experieredhe  summary of the most relevant information concerning an
ESC client or client’s subcontractor often has years of experiindividual's competence for performing the designated func-
ence with the site where an ESC project is being initiated. Ations as part of an ESC team. Any other information normally
a minimum, this experience should be leveraged by using sudncluded in a vita should be eliminated. The ESC provider
knowledgeable individuals in an advisory capacity. Such indishould maintain a file with full vitae for all technical ESC
viduals would also be potential candidates for membership iproject team members.
the core technical team or for project support if they satisfy the 7.4.6 Documentation of Core Technical Team
criteria for evaluating ESC project team technical qualifica-Qualifications—In addition to documenting the qualifications
tions (see 7.4). of individual ESC core technical team members, the overall

7.4 Criteria for Evaluating ESC Project Team team qualifications can be evaluated by documenting prior
Qualifications—Technical qualifications of personnel for ESC experience working as a team on ESC or other projects,
projects should be evaluated on the basis of four major factor&xamples of integrated reports prepared by the team for ESC or
education, experience, professional registration or certificatiordther projects, and references from ESC clients or regulators
and publications. Some project functions, such as logistic&ho have participated in ESC projects.
c_oordination and St.ake.hOIder liaison, require 9009' organi_z'a- Note 12—The number of experienced ESC core technical teams is
tional and communication skills rather than technical qualifi-presently limited. Consequently, the collective qualifications of individual
cations. core technical team members would be the primary basis for evaluating

7.4.1 Education—Educational qualifications include aca- core technical team qualifications in the absence of prior ESC experience.
demic Qegrees (B..S., M.S., Ph.p.), course work, qnd continugg_ Developing the ESC Project
education in the fields of geoscience and contaminate chemis-

try for the core technical team and in relevant additional fields 8'1. Use O.f Prior I_Data—Trad|t|0naI site cha@ctepzaﬂon
for other project support personnel practice, using multiple contractors and mobilizations, has

742 E . E . d f ializati often resulted in underutilization of available prior data for
4. EXperience-txpernience and area of speclajiza 'On,developing the preliminary site model and for guiding collec-
are the most important factors in assessing an individual

capacity to do ESC work. For core technical team membersIon of new data. The ESC process breaks this cycle by

. . emphasizing the importance of compiling original source
such experience must be documentable and verifiable and m . o L 2 .
include direct participation by the individual at a high profesL|*'F\ﬁtater|als and critically evaluating, integrating, interpreting all

. S . > available data for a site as part of developing the preliminar
sional level. The individual's experience must have been in P ping b y

2ite model. When possible, integration and review of prior data

hands-on role, carrying the project from beginning to end]-S a core technical team activity.

Experiencg .ShOU|d be weighed. heavily in evaluating an indi- 8.2 Archiving Prior Data—The ESC provider collects and
vidual's ab|l|.ty to.carry out qf‘?l'ty ESC work.l ) develops an archive of all prior site data.

7.4.3 Registration or Certificatior-Professional registra- 8.2.1 Archive Contents-Materials in an archive should
tion at the state level or certification by a recognized profesinc|yde available historical information about contaminant use
sional organization in the appropriate area of expertise is agnq |ocations, including the results of interviews with individu-
additional means of assessing education and experience.  |s familiar with the history of the site (such as current and

7.4.4 Publications—Publications directly associated with former employees with knowledge of the waste stream gen-
work carried out in the field of site characterization provideeration and management that created the problem); available
another useful means of assessing education and experiencgerial photography and relevant remote sensing imagery of the

7.4.5 Documentation of Technical Team Member site; published and unpublished topographic, vegetation, soils,
Qualifications—Documenting the qualifications and experi- geologic, hydrologic, and other maps, including relevant site
ence of ESC core technical team members and other field teamaps and drawings; originals or copies of well, other borehole,
members provides one means for an ESC client to compare tlad geophysical logs; copies of published soil survey, geologic,
qualifications of several potential ESC providers. The ESChydrologic, and engineering reports containing information
provider should maintain a file of full resumes for each coreabout the site and surrounding area; any reports, such as
technical team member and one- to two-page vita for each fiel CERCLA PA/SI reports, RFA reports, and site investigation
team member, including ESC subcontractors. The file shouldeports prepared by consultants or regulators and where avail-
include the following information for each individual: name; able and appropriate, similar reports from nearby investiga-
functions and disciplinary expertise (for technical field teamtions; soil and ground water sample analytical results; any
members) performed as part of ESC team; education, includingeophysical survey results, including copies of electronically
years and types of degrees received, major and minor subjectstpred data when available; original or copies of data from
and post-acedemic technical and professional training courseaquifer tests; available stream flow, fluvial sediment, and
field project experience, including year(s), location, client,climatic data, as appropriate; and any other information, as
purpose of project, responsibilities, weeks/months in the fieldappropriate.
and activities performed; professional memberships, registra- 8.2.2 Inventorying the Archive-Each item should be given
tions, certifications; major publications other than projecta locatable archive number, and a master list with the full title
reports; and optional references (names, addresses, and tedé-each item and a topical index (well logs, geology, soil
phone numbers of professionals familiar with the individual’'ssample data, and so forth.) should be prepared and updated as
work). The purpose of this file is to provide a succinct new information becomes available.
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8.3 Evaluating Archived Data-The ESC core technical data or note where prior data are contradictory or at variance.
team (7.1) reviews the archive data emphasizing compilatioknowledge of the direction of ground water flow and the
of original source materials, such as well and borehole logspotential preferential pathways for contaminant transport al-
water level measurements, and soil and water sample analysésws targeted sampling for three dimensional mapping of
All such original data should be evaluated and given a datgontamination. Guide D 5979 provides a comprehensive
quality classification (such as low, medium, and high [orframework for developing the preliminary site model as it
acceptable, acceptable with some questions, and unaccepélates to ground water systems. Guide E 1689 provides
able]? copied, clearly identified as to source, and placed imadditional guidance on developing conceptual site models at
notebooks for the field archive. If sample analytical data areontaminated sites. Section 13.4 discusses the possible role of
too voluminous as a result of time series sampling, simpl&omputer modeling in developing the preliminary site model.
statistical summaries of key parameter values should be 8.5.1 Developing Preliminary Maps and Cross Sectiens

compiled (mean, coefficient of variation, and so forth.) andDeveIop a preliminary site model that includes one or more

evaluated for possible trends or discontinuities. Reprocessmlgterpreted plan maps with key site features (roads, buildings,

of data may be performed if there is a reasonable expectation S
that the benefits of the information obtained will exceed thesurface water features, depth to bedrock, direction of ground

cost of reprocessing. Essential interpreted maps and cro%atetr rowE alnd ISO forth.) ?ﬂd hcrosc,jsl sections tg.ﬁ Cliﬁrly
sections from existing sources, such as soils, geology, poter'1—en ify water levels, zones of high and low permeability, other

tiometric surfaces, and so forth, should also be copied, clearl quifer boun.dane.s, and vertical variations in gepchemmal
identified as to source, and placed in notebooks for the fiel arameters (if available). The maps and cross sections should
archive. e based on original rather than interpreted sources (in this

8.4 Initial Site Visit—The ESC core technical team and COntext, driller's well logs are considered original sources,
other project team members, such as the logistics coordinat@fthough they represent interpretations of the driller) and
and health and safety officer, visit the site as a unit, along witshould clearly identify the data quality classification of indi-
the ESC client, the regulatory authority and stakeholders. Th¥idual source$ Serious data gaps should be left as blank
purpose of the site visit is threefold: visually inspect the site toSPaces on the maps and cross sections, and uncertain features
identify significant site features as part of developing theshould be identified with question marks or dashed lines. All
preliminary site model; evaluate logistic concerns that mayspatial data should be referenced to a single site coordinate
affect timing and efficiency of field mobilizations, including System compatible with needs of the ESC client and regulatory
utility clearance or location and marking or all subsurfaceauthority.
utilities for safety and planning of sampling locations; and 8.5.2 Devising Tests for the Preliminary Site ModeThe
identify site conditions that may affect the suitability of field ESC core technical team identifies essential features and
investigation methods. Viewing the site from the air may alsaalternative interpretations of the interpreted plan maps and
be beneficial. cross sections as they relate to the system’s migration pathways

8.4.1 The technical core team members give particulafor contaminant movement in the subsurface. These essential
attention of evaluating site conditions that may adversely affecfeatures of the preliminary site model are formulated as critical
use of specific field techniques used for their area of expertisestions and hypotheses that must be answered and tested.
The initial site visit also provides the first opportunity for the gq, example, specific questions could be formulated, such as:

core technical team to explain the ESC process and to hear the the continuity of low-permeability strata sufficient to create
concerns of site personnel, the regulators, and other stakeholgl, separate aquifers? Are there stratigraphic controls that

ers. could cause DNAPLs to migrate in a direction different from

8.4.2 An accurate digital site map with site survey grid,q girection of ground water flow? Are there preferential flow
serves as a framework for all collected data and should t%

. ) ._paths that could cause ground water to flow in directions
developed if it is not already available. Key features of the sit d

d ids should b 4. and elevati h ifferent from that indicated by the potentiometric surface?
and any survey grids should be surveyed, and elevations shou ternatively, testing of the preliminary site model could be
be obtained as needed.

i - . | formulated as specific objectives, such as define the number of
.8‘5 Developing a Rrehmmary Site ModeiThe ESC_tech- aquifers and degree of connection between them and determine
nical team leader, with support from other appropriate cor

. e . he direction of ground water flow and identify potential
technical team members, develops the preliminary site model, .” " . .
rp|grat|on pathways for preferential flow. In the DQO process,

focusing on features of the geologic and hydrologic system tha uestions are formulated in the form of decision rules in which

exert controls on contaminant movement. Documentation g he answer to the question determines the next course of action
the preliminary site model should note consistency with prior(See X1.4.4) q

8.5.3 Revising the Site ModelRefinement of the prelimi-
5 .. . ) - nary site model is documented primarily in the form of
n compiling interpretative maps and cross sections from existing data, data ~— 7 . . . .
quality classification, or some other means of identifying the quality of a source of €VISIONS t0 maps and cross sections representing the site
data, can be useful for identifying areas of greater and lesser uncertainty for focusirgurface and subsurface, as well as to the text, where appropri-
field investigations. Criteria for making such ratings would be developed by the coresta that identifies measurements that may not fit the model and
technical team. For example, poorly documented chemical sampling data would be_ " . . . .
classified as acceptable with some questions or unacceptable, whereas welfqUIle® explanatlo_n._ Section X5.4 addresses d_ocumentatlon
documented chemical sampling data would be classified as acceptable. procedures for revisions to maps and cross sections.
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8.6 Selecting Multiple, Complementary Investigation Meth-gation methods and measurements that may be necessary to
ods characterize a specific site but does not specify the number and

8.6.1 Identifying the Types of Measurements Required fotocation of observations or measurements. The dynamic work
the ESC Projeet-The core technical team is responsible for plan may identify the maximum potential number of samples,
identifying the types of observations and measurements thgrovided that there is a clear understanding that the actual
are required to answer critical questions and test hypotheses imumber and location of samples will be determined by on-site
order to refine the site model. Other needs might includeechnical decision making. The technical team leader, with
collection of data to rule out alternative site models, to supporsupport from the other appropriate core technical team mem-
the preliminary site model, and to resolve observations that areers, adjusts the location and type of field data collection
inconsistent with the preliminary model. Although the empha-efforts in response to previous observations and data in order to
sis on the first phase of the ESC project is on geologic an@ptimize the site characterization effort. The dynamic technical
hydrologic characterization, this step also requires identificaprogram operates within constraints defined in the work plan,
tion of chemical and fate-related parameters needed during thecluding the geographic area within which the investigation
contaminant characterization in ESC Phase Il. In additionwill take place, maximum depth of penetration (where appro-
data-required for computer modeling of vadose zone angriate), and standard operating procedures for methods that are
ground water flow and transport and for risk analysis should béo be used. The dynamic technical program and all other
identified. For chemical analysis of samples, it is important tcaspects of the work plan create a well-defined framework from
specify appropriate sensitivity and detection limits (such asvhich departures are not allowed without the review and
practical quantitation limits and sample quantitation limits) thatapproval of the ESC client and regulatory authority.

will provide useful data for comparison with background, Note 13—U.S. EPA87) provides additional guidance on developing a

risk-based, Or, Ot,her thresholds. . work plan (Chapter Ill, Section 1) and for preparing and overseeing field
8.6.2 Identifying  All  Appropriate  Measurement work (Chapter Ill, Section 4). The EPA guidance for using dynamic field
Techniques-A key element of the ESC process is use Ofactivities does not explicitly define a Phase | focusing on geologic and
muItipIe, complementary measurement and sampling methodwdrologic characterization and extent of soil contamination, and a Phase
to characterize geology and hydrology at a site. For chemicd] focusing on contaminant distribution in ground water. As indicgted in
charactrizaton, the most approptiae analyical methods thA % Sl P ey o e vy, LS st e e
satisfy the data q“a"ty.req”ifem?ms of the projgect_are selecte hderstanding of the geolog?c and hydrologic system at the site.
One of the first steps in optimizing the dynamic field charac-
terization and sampling plan is to identify all appropriate 9.2 Work Plan Contents-A typical dynamic work plan
measurement and sampling techniques for a particular sitghould include the elements described below. The organization
This step includes selection of the appropriate EPA or othefnd contents of the work plan may be modified, as appropriate,
analytical methods and protocols, as specified by the approprfor specific regulatory programs or projects.
ate regulatory authority, to be used during the investigation. 9.2.1 Regulatory Framework-The regulatory framework
Refer to Guide D 5730 for a discussion of major types of fieldidentifies all federal, state, and local laws, executive orders,
investigation methods, an index of more than 400 ASTMregulations, and site-specific regulatory agreements that may
standards that may be useful for environmental site charactepe a source of environmental protection controls or perfor-
ization, and major reference sources that provide informatiofinance standards for the ESC project. In this section or in the
on the characteristics of site characterization methods. Sectigiection describing the dynamic technical program (see 9.2.4)
X3.3 identifies selected major ASTM guides and practiceghe extent of involvement of regulatory personnel during field
pertinent to selection of field investigation methods. activities should be defined and, if a continuous presence
8.6.3 Selecting Multiple Measurement Techniqueghe  during field activities is not feasible, identify critical check-
core technical team leader, with support from the appropriat@oints where the regulatory authority should be consulted or be
core technical team members, selects a suite of site investiggresent.
tion methods that are suitable for conditions at the site and that 9.2.2 Site Description and History of Contaminant Use and
will allow independent testing of essential features of theDiscovery—This section of the work plan includes information
preliminary site model by use of multiple methods to charac-such as site structures and use, topography and surface drain-
terize a given site feature. Appendix X3 discusses furtheRge, regional and local geology, climate, demographics and
criteria for selection of measurement techniques and their udand use (including potential environmental receptors), history

in the ESC process. of contaminant use and discovery, environmental concerns, and
) ) previous environmental activities. Information on natural back-
9. Developing a Phase | Dynamic Work Plan ground levels and contamination from chemical discharges is

9.1 Designing a Dynamic Technical ProgramThe core ordinarily included in this section. If such information is not
technical team, with appropriate support from other projectvailable but is required for the investigation, obtaining it
team members, prepares the work plan, which includes ailvould be incorporated as an objective of the dynamic technical
information required to conduct the ESC project and addressgzogram (see 9.2.4).
project objectives and data quality requirements defined by the 9.2.3 Analysis of Prior Data and Preliminary Site Model
ESC client, the regulatory authority, and stakeholders (see 6.3This section of the work plan presents an overview of regional
The element of the work plan that makes it dynamic is theand local geology, hydrogeology, and geochemistry, including
technical approach, which identifies the suite of field investi-appropriate maps and cross sections. The emphasis in this
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section should be on the independent synthesis and interpreta-9.2.8 Health and Safety Plar-Although a health and safety
tion of available information as it relates to identification of plan is necessary, no special features of the health and safety
potential contaminant migration pathways. The conclusion oplan in an ESC project distinguish it from the plan for any other
the section should identify critical questions to be answeredype of environmental investigation.
and hypotheses to be tested when field activities commence. 9 2.9 Community Relations PlarA community relations
9.2.4 ESC Phase | Dynamic Technical ProgradThis sec-  plan is desirable to facilitate stakeholder involvement in the
tion of the work plan identifies the multiple investigation ESC project (7.3.5 and 13.1.5.) A typical community relations
methods discussed in 8.6 and the area(s) where they may Iptan should include site description, community background,
applied. Although such plans are at the core of the ES@ommunity relations objectives, timing of community relations
process, this section of the work plan does not need to be vemrctivities (including a schedule of follow-up meetings, brief-
long. It may include a table, listing all features of the site to beings, and input solicitation, if the stakeholders feel it is
characterized in one column and methods or measurements thacessary), and a contact list of key officials and other major
may be used during the field mobilization (see, for examplestakeholders. The stakeholder liaison member of the ESC
Table X7.1). This section will include clear criteria, in the form project team is responsible for implementation of the commu-
of a list of essential questions to be answered or specifigity relations plan. A formal community relations plan may not
objectives (see example in 8.5.2), for determining when projedse required for all ESC projects, but it is strongly recom-
objectives have been met. This section and the subsequetiended that the ESC client provide for meaningful stakeholder
section on field protocols and standard operating procedurgsarticipation throughout the process. (See 5.2.1 and Note 7.)
(SOPs) are the functional equivalent of the field sampling and g 3 \work Plan ApprovaThe ESC Phase | work plan is

analysis plan in traditional site characterization. developed as a stand-alone document, and the ESC Phase I
9.2.5 Field Protocols and SORsThis section of the work  work plan is usually incorporated into the ESC Phase | report
plan contains descriptions or copies of all field protocols anqsee 10.3). The draft work plans are reviewed by the ESC
SOPs including sample collection and analytical methodsglient, the regulatory authority, and stakeholders and are
direct push methods, geophysical methods, drilling and monirevised by the ESC core technical team until the plan is
toring well installation methods, and aquifer test methods. Thisacceptable. The ESC client, regulatory authority, or stakehold-

portion of the work plan may consist of field protocols andgg may also chose to have the draft plans reviewed by peer
SOPs developed by the ESC team and approved by th@chnical reviewers.

appropriate regulatory authority, published protocols devel-
oped by regulatory agencies, and ASTM protocols or othehy e5c phase | Investigation (Focus on Geologic and
consensus or peer-rewe_wed s_tandard methods. AII_f|eId proto- Hydrologic Characterization)
cols and SOPs must satisfy existing regulatory requirements. If
it is very large, this section may be attached to the work plan 10.1 Field Mobilization—The ESC Phase | investigation is
as a separate document. normally completed with a single field mobilization of two to
9.2.6 Quality Assurance/Quality Control PlarThe fpur weeks. Four Wegks approximates about the_ max_imum
QA/QC plan clearly defines responsibilities of different mem-time that an ESC project team can operate effectively in the
bers of the ESC team for ensuring that protocols and SOPs afield- If site size or other conditions preclude completing a
followed. In addition to regulatory program-specific sampling Phas_e I investigation in a single mobll!zatlon, two options are
and analysis procedures, the QA/QC plan should defin9035|ple: divide the 5|_te into smaller ur_uts and plan separate but
QA/QC procedures for other field activities, including geologiccoordinated ESC projects for each unit or plan a second (Phase
characterization, hydrologic characterization, geophysical sutb) mobilization. More than two mobilizations would be the
veys, spatial control procedures (x,y,z accuracy of poinpxception rather than the rule. Acquisition of seasonally
measurements), and computer records keeping. The QA/QErying data, such as ground water levels, may require addi-
plan describes procedures to be used to monitor conformand@nal site visits involving only a few personnel.
with, or documentation and justification of departures from, the 10.1.1 Daily Field Data Collection Activities-The core
field protocols and SOPs, along with procedures in the datsechnical team oversees and participates in field collection
management plan. Appendix X4 provides illustrative examplesctivities. Each core technical team member directs field
of QC procedures for geologic characterization. collection activities in his or her respective area of expertise
9.2.7 Data Management Plar-The on-site technical deci- (see 7.1.2). The focus of the ESC Phase | investigation is on
sion making that guides the dynamic field characterization an@haracterizing vadose zone and ground water migration path-
sampling activities requires a level of data management in the/ays. Contaminant sources and contaminants of concern are
field that is not normally a part of traditional field investiga- also identified, if they are not already known, and subsurface
tions. The data management plan identifies staff and infieldontaminant distribution sampling occurs to the extent that it
computer equipment to be used, software for field operations;ontributes to understanding the vadose zone and ground water
and software to be used for post-field-investigation analysisnigration pathways. Other potential contaminant migration
and interpretation. The plan also includes procedures for QA gbathways (air, surface water, submerged sediments, biota) are
ESC project data. Measurement data are formally archivedlso characterized, as appropriate. Characterization of near-
once in the field. Appendix X5 presents suggested proceduresirface contamination may incorporate the adaptive sampling
for quality control of computer records. and analysis approach described in X1.4.3.
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10.1.2 On-Site Data ManagementThe ESC data manager assessed in a variety of ways, including considerations of
and supporting staff are responsible for monitoring the coordispatial density, temporal density, location significance, and
nation of site activities to ensure that all data incorporated intgesolution.
the computerized site database and made available to the corel0.2 Post-Field-Investigation Analysis and Interpretation
technical team as rapidly as possible. For technical or othdgpon return from the field, additional processing and interpre-
reasons, it may not be possible to reduce and archive all fielttion of data are performed, if required. The results of this
data daily, but, at a minimum, enough field data must beanalysis may identify aspects of the evolving site model that
reduced each day to provide a basis for planning the next day*§quire further refinement during the ESC Phase Il investiga-
field data collection activities (see 10.1.3). Integration of ESdiON. This analysis also forms the basis for developing the ESC
data sets with prior site data sets should be accommodatdg'ase Il work plan for detailed contaminant characterization,
without restricting the ESC provider from using state-of-the-and mclydes.l.dentlﬁcauon of contaminants of concern, if not
practice hardware and software tools. Section X5.4.1 describédready identified.
in more detail how data can be processed to allow on-site 10-3 ESC Phase | Report and Phase Il Work Piaithe
technical decision making. Phase | report presents the S|Fe _model and s_upportlng data.

10.1.3 On-Site Technical Decision MakingThe core of the Usually the Phase Il work plan is incorporated into the Phase

. S . : report in order to speed the review and approval process. the
ESC process is the use of multidisciplinary integration antopaqe 11 work plan cites the Phase | work plan as a reference

interpretation of field measurements and sample analyses 19,4 jnciudes only information that is pertinent to the Phase I
select the type and location of subsequent field measuremenig, estigation. The Phase Il work plan must include the final list

and sampling points. During an ESC Phase | field mobilizations¢ -ontaminants of concern that has been approved by the ESC
the technical team leader and other core technical tearg"ent, regulatory authority, and stakeholders.

members, with input from other technical field team members,

meet on a daily basis to plan the next day’s measurements. TH&. ESC Phase Il Investigation (Focus on Contaminant
regulatory authority, ESC client and designated stakeholder Distribution)

representative are encouraged to participate in any or all of the 11.1 Field Mobilization—The ESC Phase Il field mobiliza-
meetings at which the next day’s activities are planned. Theyion focuses on determining the spatial distribution, concentra-
are always kept informed through brief notes and telephonéon, and the fate of contaminants, on the basis of knowledge of
calls, if not in attendance, and should be alerted when criticahe relevant contaminant migration pathways identified in
points in the investigation have been reached. The daily cycl@hase |. Aquifer characterization, geochemical analyses, and
of data collection, processing, and evaluation continues untgjeophysical surveys continue, as necessary, to guide sampling
the technical team leader, in consultation with other coreglecisions. On-site technical decision making functions as in the
technical team members, the ESC client, and the regulatorfhase I investigation (see 10.1.3). When the results are an ESC
authority, determines that the objectives of the ESC Phasefroject are used to analyze risk, Phase Il field objectives have
investigation have been met. A useful procedure during fielde€en met when the distribution and concentration of contami-
activities is to record in field notebooks, before an observatiomants have been mapped with sufficient spatial and temporal
is made or a measurement is taken, the reason for the activifjfcuracy to evaluate exposure of possible environmental re-
and the expected result. This discipline helps focus dat&ePtors. When regulatory standards-based cleanup criteria are
collection activities on the objectives of the investigation andiSed, the Phase Il objectives have been met when areas of
provides immediate feedback concerning the accuracy of thgontamination that exceed cleanup criteria have been fully

evolving site model when the measurement result is availabl@eii?eza;ed't Eield-Investiation-Analvsis and Int ation
10.1.4 Determining When ESC Phase | Field Objectives, < ' 0St I€ld-vestigation-Analysis and fierpreta

Have Been MetThe overall objective of the ESC Phase | Upon return from the field, additional processing and interpre-

. T . . ) ) tation of data are performed, if required. Because most of the
investigation, defined in the work plan as essential questions t(?

) data being analyzed are chemical data, the focus is on
be answered and hypotheses to be tested or as a list of SpecUﬁderstanding how contaminants are interacting with the

objectives or decision rules (see 8.5.2), is to characterize ﬂ}?nysical and biological system as they move and are trans-
geologic and hydrologic system with sufficient accuracy t0fq/med in the subsurface.

allow targeted sampling to delineate the concentration and 11 3 ESC Phase Il ReportThe Phase Il report, reviewed
distribution of contaminants in ESC Phase II. This goal isang approved by the ESC client, regulatory authority, and
achieved when the field data fit into a consistent site model oftakeholders, presents contaminant distribution and concentra-
the geologic and hydrologic systems that has no major uneXions as two-dimensional maps or maps and cross sections
plained anomalous observations. The technical team leader, §howing the distribution of contaminants in the vadose zone
consultation with other core technical team members, the ES@nd ground water, together with supporting data. Three-
client, and the regulatory authority, is responsible for decidingdimensional images may be used to illustrate the spatial
when the objectives of the ESC Phase | investigation have beefistribution of contaminants, but these images should be based
met. Information used to make this decision may include arpn actual data points. The Phase Il report also presents any
assessment of data accuracy and adequacy. Data accuraefinements of the site model relating to the source and
involves defining acceptable levels of data quality and identimigration pathways that may be pertinent to fate and transport
fying and correcting errors in the data. Data adequacy may banalysis for risk analysis.
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12. Project Completion be required. This work would involve a limited number of team
members, targeted at collecting the needed data. The ESC

12.1 Steps to Project CompletierRAn ESC project is com- . . ) .
pleted when the ESC client, regulatory authority, and stakeProject team uses methods for evaluating the risk of contami-
! ’ tion that are approved by the ESC client, the regulatory

holders choose a course of action based on results of tH&#"ON

project. Depending on the results of the ESC Phase Il invest2Uthority, and stakeholders. _ .
gation, this may occur without significant additional involve- 12-3.2 Using Risk Analysis ResutsVhere risk analysis is
ment of the ESC project team or it may involve a level of effortP€rformed, the final site model, which includes sources,
comparable to a Phase | or Phase Il investigation if predictivénigration pathways, and environmental receptors, provides the
modeling for risk analysis or remedy analysis and design fopa§|s for establlshln_g risk-based cleangp quter|a for remed|al
remedial action, or both, are required. The steps to projecﬁ‘c"'on; When no action other than monitoring is requwed, the
completion differ somewhat depending on whether regulator)f/'nal site model provides a good basis for optimal location of

standards-based cleanup criteria (see Fig. 4) or a risk_basé_)@armanent_monitoring We_lls. If remedigl actipn is requirec_i, t_he
decision process (see Fig. 5) is used. final ESC site model provides the starting point for remediation

selection, design, and implementation. Further field investiga-
ht%:)ns may be required, but collection of data can be targeted to
5 e specific needs of the design engineers (see 13.3).

12.2 Regulatory Standards-Based Cleanup Criteria
Where regulatory standards-based cleanup criteria form t
basis for choosing a course of action, the final model of sourc -

I ng N I ! .’ 12.4 ESC Phase Ill Work Plan-If predictive computer

and migration pathways at the site presented in the ESC Phase™ 5" == ; . .
Il report will delineate any areas where contaminant concen™©deling is required to analyze risk or remedy selection and

trations exceed cleanup criteria. Fig. 4 shows various paths {3'9in€ering is required for remedial action, the ESC project

project completion resulting in the following possible deci- f[eam will normally prepare a Phase IIl work plan. Although it

sions: no action, presumptive remedy selection, and reme not shown spe_cifically on the flow diagram in_ Fig. 1, this can
selection, based on results of a Phase Ill study. When a Phaf§ incorporated into the ESC Phase Il report in the same way
[l study is required (CERCLA FS, RCRA CMS, or applicablet at the Phase Il work plan is incorporated Into the Rhe}se !
regulatory program equivalent), it is logical for the ESC projectreport. The Phase lll work plan would describe any limited

team to conduct the study because of its detailed knowledge &\dditional field WOF"'. such as aquifer tests, to prpvide. addi-
inationtional data for predictive computer modeling and will typically

However, a Phase IIl study would not differ significantly from NOt require the entire core technical team in the field.

one following traditional or other site characterization ap- ) i ) i
proaches and the ESC client has the option of giving the task3: Considerations in Implementation of ESC
for remedy selection and engineering design to an organization 13.1 Relationship of ESC to the Regulatory Proeesshe
different from the ESC team. The process of remediatiorESC process operates within the framework defined by the
selection, design, and implementation, if it has not alreadygencies or organizations responsible for ensuring compliance
begun, can focus exclusively on areas where contaminantsgith the environmental statutes, regulations, and management
exceed cleanup criteria. Further field investigations may b@ractices that affect the site being investigated. The increased
required, but collection of data can be targeted to the specifittexibility inherent in on-site technical decision making re-
needs of design engineers (see 13.3). quires increased accountability. It is the responsibility of the
12.3 Risk-Based Action CriteriasWhere risk-based action ESC provider to take seriously the elements of the ESC process
criteria form the basis for choosing a course of action, thdhat increase accountability. Elements of the ESC process that
model of source and migration pathways at the site presentedf® intended to increase accountability and the quality of
in the ESC Phase Il report will delineate any areas wherdénformation provided by the process are as follows:
contaminant concentrations exceed the criteria. If contaminant 13.1.1 ESC Team QualificatiorsExperienced personnel
sources have been removed or are contained and there are ai@ required on the ESC field team. Although it is difficult to
areas where contaminants exceed risk-based action levels, thgnantify professional competence, the recommended docu-
the ESC project provides a sound basis for the ESC client, theaentation of qualifications and field experience of ESC team
regulatory authority, and stakeholders to chose no action gnembers (see 7.4) provides some accountability.
ongoing monitoring. Fig. 5 shows that ESC project completion 13.1.2 Work Plan—In an ESC work plan the QA/QC plan,
may follow a number of paths if risk-based action level criteriawhich covers all aspects of the field investigation (not just
are exceeded at the site. If more than qualitative risk analysishemical sampling and analysis (see 9.2.6, Appendix X4)), and
of the Phase Il investigation results is required, a Phase Illhe data management plan (see 9.2.7, Appendix X5) increase
work plan will normally be developed by the ESC project teamthe accuracy of nonchemical data obtained, and the practice of
that includes, at a minimum, procedures for quantitative riskeducing data into a form suitable for archiving while still in
analysis and, as appropriate, remedy selection and design. the field ensures that useful information is not lost in the
12.3.1 Quantitative Risk Analysislf required, the ESC transition from the field to the office.
core technical team, with the assistance of project team 13.1.3 Use of Multiple Complementary Geologic and Hy-
members with modeling and risk evaluation expertise, perdrologic Investigation Methods-See Appendix X3.
forms fate and transport analysis for quantitative risk analysis. 13.1.4 Field Investigations-During each field investigation
Additional data acquisition, such as water level monitoring ancbhase, regulatory personnel have access to the same informa-
aquifer tests for calibration of fate and transport models, mayion as the ESC team and can observe and, to the extent
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appropriate, participate in the on-site technical decision maktion engineering expertise is incorporated into the ESC process
ing that guides the investigation (see 10.1.3). The involvemenrdt the earliest point at which a need for remedial action is
of regulatory staff in on-site technical decision making in-identified. The time required for ESC Phase | and Phase Il
creases the likelihood and speed of obtaining regulatorynvestigations is normally short enough to confine interim
approval for the Phase | report, the Phase Il work plan andorrective actions to noninvasive measures, such as access
report, and the final decision. Such involvement may also resuliestriction, with more invasive measures optimized by using
in more efficient use of regulatory staff resources, becaustnformation obtained by the ESC project. Remediation engi-
familiarity with the site may reduce the amount of time neering expertise should be involved at the outset of an ESC
required to critically review draft ESC project reports. project where application of regulatory standards-based
13.1.5 Involvements of Stakeholderd’he community rela- cleanup criteria is expected to require remedial action. ESC
tions plan (see 9.2.9) improves accountability by providing gprojects at sites where presumptive remedies have been iden-
mechanism for the ESC project team to learn about principdified, but the decision for further action is risk-based, should
concerns of those who may be adversely affected by contaminvolve remediation engineering expertise from the outset, but
nation at a site. This knowledge may help the ESC project tearthe cost of collecting data required only for remediation
collect the type of data that is responsive to stakeholdeengineering design should be weighed against the possibility
concerns and present the information in a responsive wayhat it becomes an unnecessary expense if the ESC project
Furthermore, when other stakeholders understand the ES&Lipports a decision for no action or ongoing monitoring. Guide
process and are kept informed about how the investigation iB 5745 provides guidance for developing and implementing
proceeding, the credibility of the results increases. short-term measures or early actions for site remediation.

13.2 Role of Risk Analysis in ESEThe primary objective 13.4 Role of Computer Modeling in ESEThe ESC process
of the ESC process is to provide scientifically and technicallyrelies heavily on computers in the field for compilation and
sound information for decision making, for which assessmeninanagement of field data and may benefit from the use of
of risk is a major consideration. Risk analysis is incorporatedsisualization software and geographic information systems for
into the process in the following ways: two-dimensional and three-dimensional presentation of spatial
13.2.1 Risk Analysis Initiating the ESC Proces3he deci- data to refine the evolving site model. Interpretative computer
sion to initiate the ESC process will usually be based on ground water modeling or water budget analysis based on
risk-based judgement that contaminants at a site presentralatively simple arithmetic or analytical models may be useful
potential threat to human health or the environment (see 6.1vhen developing the preliminary site model and to identify
Where the decision for a course of action is to be based ogeologic and hydrologic system parameters that need better
considerations of risk, it is important that potential environ-resolution by additional sampling or testing. Formal numerical
mental receptors be identified in consultation with stakeholdersomputer modeling of vadose zone/ground water flow and
at the outset of the ESC project. contaminant fate and transport, if used, occurs only after the
13.2.2 Planning ESC Phase | and Phase Il Field ESC Phase | and Phase Il investigations are completed. The
Mobilizations—Risk analysis methodology and any associatedinal site model, based on multiple complementary investiga-
transport and fate computer models should be identified earlfon methods, should drive the modeling process, not vice
in the process to ensure that field data collection providegersa. However, the person on the ESC project team respon-
information required for the risk analysis that concludes thesible for the final vadose zone and ground water contaminant
ESC process. fate and transport analysis should be involved in work plan
13.2.3 Concluding Risk Analysis The ESC process follows development and field operations, as appropriate, to ensure that
accepted regulatory protocols for risk analysis (see 12.3.1). critical data necessary for definition and calibration of the
13.3 Relationship of Remediation Engineering Design angmethods to be used are_collected. The person responsible for
Implementation to ESGAs discussed in 4.4, the ESC processf?‘te and transport analysis should document al! model assump-
normally avoids a presumption that remedial action will belions, computer codes employed, and model input values, so
required because no action and ongoing monitoring are podbat an independent party can reproduce the results and, if
sible outcomes, in addition to remedial action requiring an€cessary, modify the model in response to additional data.
engineering solution. Where the ESC process provides infor- 13.5 Procurement and Contracting for ESEThe flexibility
mation for risk-based decisions, costs during site characterizéh the ESC process, which allows time and cost reductions
tion activities to collect data required only for remediation compared to traditional site characterization, also requires use
design may be wasted if the ESC project results in a decisioaf procurement and contracting procedures that address the
for no action or ongoing monitoring. Where remedial action isdistinctive characteristics of the process. Specifically, although
required, an advantage of the ESC process is that the reductte daily costs of an ESC project will tend to be high because
time for site characterization allows timely initiation of CER- of the use of multiple, highly qualified personnel in the field,
CLA feasibility studies or RCRA corrective measures studiessignificant total cost savings can be expected, as discussed in
Section 12 describes briefly how such studies can be integratetil.3. The cost of field activities contains an element of
into the ESC process as a Phase Il study. Furthermore, thencertainty, but upper bounds can be placed. This is because it
thorough understanding of the geologic, hydrologic, ands not possible to predict beforehand the precise combination of
chemical system at a site reduces the uncertainties that remewltiple, complementary investigation methods that will ulti-
diation engineering design must address. However, remedianately be used during an ESC project, or how extensively a
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particular method will be used. Appendix X8 discusses some 13.7.2 Site Area and AccessAll other things being equal,
ways to address these issue. time and cost may increase as the size of the site increases. If
13.6 Performance Indicators for Evaluating Es€ Performance indicators for sites of greatly different areas are
Quantitative performance indicators may be useful for botrffompared, the indicators should be in the form of unit area
ESC clients and ESC providers for the following purposesomparisons (that is, penetrations, days, dollar per unit area).
comparing the ESC process to traditional site characterizationit€ 8CCess limitations may also increase characterlzatlon_ costs.
at a site, comparing performance of ESC teams (taking into 13-7-3 Site Geology and Hydrogeologyin general, as site
consideration any differences in objectives), and evaluating th?:)mplexny increases, performance indicators may appear less

effect of site characteristics on the ESC process. The ke vorable as a result of increased time requirements and costs
performance indicator is the ability of the final site model to '© Salisfy regulatory requirements. However, for any given site,

predict contaminant fate and transport and to support realisti e ESC process can .be expected.to t.ake less time and to cost
risk calculations for correct resolution of remedial issues o> than traditional site charactenzaﬂpn for a given level of
preventative measures, or both, including no action. Ongoin%ata and_ac_c_uracy. Factors that may increase time and costs
ground water monitoring provides an additional means for cluo_le_ 5|gn|f|can_t seasonal eﬁeCt.S on the hydrolo_gu_: system
(requiring more time to characterize seasonal variations, but

verifying the final s.|te modgl. o not necessarily increasing time or cost required for field
13.6.1 Comparative Indicators-The following indicators — mopjlization), multiple or very deep aquifers, structurally
can sometimes be quantified: length of each mobilization.omplex bedrock sedimentary aquifers (folding and faulting),
(dayS), number of mobilizations, cost of each phase of th%nd fractured-rock and karst aquifers_
investigation (dollars), total time for each phase, and fraction 13.7.4 Contaminant CharacteristiesOptimal selection of
of chemical measurements in which no contaminants arghemical analytical methods should result in use of a technique
detected. Care should be taken when using comparative indgr techniques having the lowest cost and analysis time and
cators between sites to consider the effect of site conditions oproviding the level of desired data quality for the regulatory
each performance indictor used (see 13.7). framework of the project. For most contaminants, analytical
13.7 Factors that May Affect Performance Indicaterdhe  methods are available that yield results in minutes to days and
ESC process at a typical site requires single mobilizations oflo not significantly affect the time required for field mobiliza-
two to four weeks for Phase | and a mobilization of similartion, all other things being equal. Contaminants that tend to
length for Phase . (See further discussion in 10.1). Varioudncrease times and cost include: dense nonaqueous phase
site-specific factors may affect the actual time and cost of atduids (DNAPLs), which tend to sink to the base of an aquifer,
investigation. Planning the schedule for an ESC site investigd€quiring deeper sampling, dioxins and furans, which have
tion should take these factors into account. The followingSPecial health and safety requirements, and radioactive con-

factors may contribute to either lengthening the time requiredt@minants, which may need lengthy counts and slow sample
or increasing the cost of an investigation: collection and analysis because of health and safety consider-

. . o ations. Robbat 38) and U.S. EPA(37, Chapter IV and

.13'7'1 Stakeholder RelatlonshrpsPolarlza'Flon and aptagq- Appendix C) provide detailed guidance for selection and data
nism between stakeholders creates an environment in which ; ) :
. ) . ality of field-based analytical methods.
is more difficult for the ESC process to function smoothly.
Conflict between stakeholders will not necessarily affect thel4. Keywords
field investigation time, but it may affect the scheduling of field 14.1 environmental site characterization; exploration; feasi-
mobilizations and lengthen the total time for a project. Thebility studies; field investigations; geological investigations;
individual executing the community relations plan and the ESGyeophysical investigations; ground water; hydrologic investi-
team member responsible for other stakeholder liaison have thlgations; maps; preliminary investigations; reconnaissance sur-
responsibility for facilitating interactions between stakeholdersieys; sampling; site characterization; site investigations; sub-
in a way that reduces polarization and antagonism. surface investigations
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APPENDIXES
(Nonmandatory Information)

X1. BACKGROUND ON EXPEDITED SITE CHARACTERIZATION

X1.1 History of the ESC Process cleaning sites in Florida described by Applegate and Filton

X1.1.1 Origins—The process described in this practice (39; soil and ground water contamination at Hanscom Air
originated in 1989 in the work of Dr. Jacqueline Burton’s Force Base in Massachusetts described by Robi@f &nd
multidisciplinary team at the U.S. Department of Energyvspes_tlmd_e contaminated soil at Wenatchee, Washington de-
(DOE) Argonne National Laboratory, Argonne, lllinois. The Scribed in U.S. EPA4L). Other parts of the EPA document that
process was first developed for the U.S. Department of th@rovide useful information in relation to this ASTM Practice
Interior, Bureau of Land Management, for use at severafre cited elsewhere.
landfills in New Mexico. Use of multiple surface geophysical . . . .
techniques (magnetic, electromagnetic [two types], and seismi X1.2 (;omparlson__of Tra(_jmonal and_Ex_pedlted Site
surveys), combined with targeted subsurface drilling an haracterizatior—Traditional site characterization has ben-
sampling at the Flora Vista landfill, led to a determination thatemﬁd Trom,dand .lés%s oa var;&mg extehnt, th”e ad\r/]ances n
contaminants present at the landfill were not migrating deepetfaC nology described In Appen X X3 t.at a O.W.t e ESC
than the upper few metres and that the landfill could be closeBrocess to compress site characterization into a limited number
without continuing ground water monitoring. (See AppendixOf field mobilizations. Perhaps the defining difference between

X6). The process was formalized by the Argonne team and haléSC an_d traditional site charact_erizat_ion is that the ESC
resulted in significant cost and time savings for the followingproCess IS structured _to_ prpd_uce afinal S'Fe merI dgveloped_ by
federal agencies: U.S. Department of Agriculture Commodity'jm experienced muIt|d|SC|pI|nary team, '”."Yh'Ch high conf!-
Credit Corporation, at numerous grain elevator storage sites iﬂence can b.e placed as a baS|'s.for de_C|d|ng an a_pprqpngte
Nebraska and Kansas known to be contaminated by carbdpurse of action. In contra_st, tradltl_o_nal site characterization is
tetrachloride (Burton et al.1},° (2)); the U.S. Department of structured to produce mainly specified numbers of boreholes,
Energy at the Pantex Plant in Texas (Burton et2)); @nd the monitoring wells, and chemical sample analyses, which may or

Department of Defense at several Air Force and Navy instalMay not result In an accurate final site .r.nodel. -Table X1.2
lations. Table X1.1 provides summary information on EgcsSummarizes the differences between traditional site character-

investigations at these sites ization and ESC for eight site characterization process compo-

X1.1.2 Further Testing and DemonstratierDr. Al Bevolo, nents. The_Iimited _number of mobilizations i_n ESC r_e_sult_s in
with a core technical team (including some consultants) at th&'dnificant time savings compared to the multiple mobilizations
DOE's Ames Laboratory, Ames, lowa, and a project usingrequ_wed by traditional site chara_ctenzatlon. Qse in ESC Qf
contract consultants has tested and demonstrated the E%It'ple meag,u_rement.and sampl|ng_technolpg|es with on-site
process at a manufactured gas site in Marshalltown, |0W560hmca| decision making by_a tgchnlcally sklllled team results
(Bevolo et al. B)); at a DOE site near the St. Louis airport with in a more accurate cha_racterlzatlon of essential features _of the
low-level radioactive contamination in 1994 at an oil seepag@€0l09ic and hydrologic system as they affect contaminant
basin at DOE’s Savannah River Site, South Carolina, in 199$rmov§ment. Fewer invasive penetrations mean increased sgfety
(4) (see Appendix X7); and at an active oil refinery in the or field personnel and reduced risk of inadvertently creating

Katowice region of Polandsj. Table X1.1 summarizes infor- Paths for contaminant transport.

mation on these ESC investigations. .
) ) . . . X1.3 Cost Savings of ESEThe ESC process can be
fill;o%sy 3 SE PéSAon;Jilltigh[;?jCIzlo dnoz\:/lue:ﬁg]r?t ?#;?anrcoe\/i de expected to yield significant cost savings compared to tradi-
: T AP ; - L P Sional site characterization, both in terms of total life cycle cost
guidance on integrating on-site decision making into field Workof a proiect and in terms of the cost required to obtain
at hazardous waste sites. The guidance addresses uses. qf bro] . . quire :
. o . L L ~““information of comparable quality. Typically, initial costs in
on-site decision making for dynamic field activities involving ESC for analysis of prior data and planning for a mobilization
characterization, cleanup, and monitoring. Chapter V provides

summary case studv information on soil and around Wateand daily costs during mobilization will be higher than in
y ca y : . gl ®lraditional site characterization. The cost savings come prima-
characterization at the Marine Corps Air Station, Tustin,

Califronia (Section 1), soil and sediment cleanup at Loring Airmz;;?ig]attirc])i zr;]odrtt?]repreertlj%?:ticgntlmep(re?r%l;;]eeitt?ng?ggrﬁtg \f\?ee”
Force Base, Maine (Section 2). ground water treatment SyStemstallations (which have high ongoing costs for sample
optimization at Utmatilla Chemical Depot, Oregon (Section 3), vsis). The i d litv of inf tion for decisi
and three examples of innovative dynamic strategies durinaqna YS'S)' € Improved quality of information for decision
initial site screening (Section 4). The chapter also provides aking may aiso result in reduced costs for interim corrective
information on case studies involvina eiaht dr actions and. remediation. Table. ?(1.3 summarizes the relanve
summary in 9 €9 Ycosts of various aspects of traditional site characterization and
ESC. Burton et al.X) calculated that at two ESC investigations
° The boldface numbers given in parentheses refer to a list of references at tti@ Nebraska where direCt'pUSh ground water sampling was

end of the text. used to delineate contaminant plumes, the cost was 10 to 20 %
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TABLE X1.2 Process Comparison of Traditional and Expedited Site Characterization

Process Component

Traditional®

Expedited

1. Project Duration

2. Project Leadership
3. Use of Prior Data

4. Technical Approach

5. Field Investigation Methods

6. Work Plan

7. Number of Mobilizations

8. Data Results and Analysis

Longer because of muliple mobilizations and intervals
between where data are compiled and analyzed.

Project leader typically in office; junior staff in field.
Reviewed, but often not carefully evaluated or interpreted.

Different disciplines tend to work independently at different
times for field data collection and interpretation.

Measurements usually not corroborated by complementary
methods. Emphasis on installation of monitoring wells.
Field characterization and sampling plan defined before full

Shorter because of fewer, coordinated field mobilizations,
analysis and archiving of most data in the field, and
improved regulatory and community acceptance.

Project leader in field with experienced, multidisciplinary
team.

Carefully compiled, evaluated for quality, analyzed, and
interpreted as part of developing preliminary site model.
All phases of field investigations—data collection,
compilation, analysis, and interpreation—integrated in the
field.

Use of multiple, complementary methods. Emphasis on
noninvasive and minimally invasive investigation methods.
Dynamic field technical program uses data as they come in

mobilization and generally not modified during the course ofto guide type and location of field measurements and

a mobilization (may be modified if DQO process used).

samples for analysis.

QA/QC plan for chemical sampling and analysis but usually QA/QC plan for all aspects of field data collection and

not for other characterization activities.

Multiple mobilizations, often carried out by different groups
with littte communication, interspersed with office analysis
of data for a given investigation phase.

Data analysis and interpretation usually accomplished in
office weeks to months after field work. Computers not
normallys used in field for data management and analysis.

handling; strong emphasis on indivdual team members’
responsibility for QA/QC.

Data management plan formal part of work plan.
Community relations plan considered important part of work
plan.

Normally one full mobilization for each investigation phase
(two total), carried out under direct control and participation
of a single core technical team.

Data obtained, interpreted, and archived in the field (within
hours to days) as part of dynamic technical program.
Computers used in field for data management as as aid in
analyzing data.

A Certain elements included in the “expedited” column may be incorporated into a given “traditional” site investigation, but the characteristics described in this column
can be considered typical of most site characterization activities at CERCLA and RCRA sites during the 1980s and early 1990s.

TABLE X1.3 Cost Comparison of Traditional and Expedited Site Characterization

Cost Factor/ Traditional Expedited

Component

Initial cost Lower because multiple mobilizations have lower separate Higher because multiple senior technical personnel and
costs, and junior staff are used in the field. supporting junior staff are in 2-phased, coordinated

multidisciplinary field investigation.

Field Higher because field characterization activities tend to be  Lower because on-site technical decision making allows

Characterization proposed in terms of a fixed number of borings/wells and  efficient use of field methods to target collection to meet
samples. project objectives.

Monitoring Higher because monitoring wells tend to be installed before Lower because installation of permanent monitoring wells

Interim Corrective
Action

Remediation

Total Cost

the geologic and hydrologic system is well understood,
resulting in a larger number of monitoring wells (higher well
installation costs) and consequent high ongoing costs for
sampling and analysis.

Higher because less coordinated nature of field data
collection may prevent optimal decisions for interium
corrective action.

Higher to the extent that suboptimal remedial action
decisions are made compared to the ESC process.

Higher,?

may be avoided, or is limited to a few locations where wells
are needed.

Lower because on-site technical decision making can target
data collection to minimize interim corrective action costs.

Lower as a result of one of more effects: (1) an improved
conceptual site model and risk evaluation may allow a
decision of no action or ongoing monitoring instead of
remedial action; (2) where remedial action is required,
reduced design and implementation costs as a result of an
improved site model.

Lower.

A Not all factors will necessarily be higher than for ESC but all cost factors combined can be expected to be higher for a comparable level of data quality for decision

making.

the cost of obtaining equivalent data by using monitoringprojects where dynamic field activities were used for on-site

wells. Burton 6) presented data indicating that the staffing decision making. The range in cost savings for six case studies
costs for the ESC process are about 87 % those for theang from 15 to 57 percent and the range of time savings was
traditional approach in a typical remedial investigation, in spitefrom 33 to 60 percent.

of the higher daily cost of mobilizing highly experienced

personnel. Starke et alf)(estimated that total costs foran ESC ~ X1.4 Other Related Approaches

investigation at the Pantex Plant, near Amarillo, Texas, were 30 X1.4.1 Multiple Working HypothesesThe method of mul-

% the cost to execute the original traditional work plan. U.S.iple working hypotheses, first described by Chamberl@)jrin

EPA 37) summarized time and cost savings for variousa paper read before the Society of Western Naturalists in 1889
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and later revised to focus on applications for geologic studyollected. The benefit of applying DQO is that it improves
(Chamberlain §)), is well suited for initial stages of environ- planning efficiency, promotes defensibility of data, saves re-
mental site characterization of geologic and hydrologic syssources, is able to manage uncertainty, ensures consistency in
tems, because the relative difficulty in making direct observadecision analysis and reporting, and provides clear decision
tions means that conceptualization of potential migratiorrules to identify the point at which further collection of data is
pathways for contaminants in the vadose zone and groundo longer needed.

water system is based on a relatively limited number of X1.4.4.1 Comparison of the DQO and ESC Process@e
observations for which more than one explanation is possibleeSC and DQO processes share common elements, and both are
X1.4.2 Observational Method-The observational method, flexible enough to be used together, but differences between
used by Dr. K. Terghazi for applied soil mechanics investigaESC and the DQO process as it is commonly practiced should
tions from the 1920s to the 1950s and documented by Bjerrurbe recognized. Both the ESC and DQO processes start with
(10) and Peak1l), is an investigation process for geotechnicalidentifying all parties responsible for data use and decision
characterization of soils and geotechnical engineering desigmaking. They develop strategies, goals, and actions designed
in which characterization, design, and construction proceetb address the problem. Both methodologies are driven by the
hand in hand. Observed change and response of the soil systetientific method. The DQO process is designed to ensure that
as construction proceeds are used to modify the design, &ach measurement is of known quality and consistent with
required. A critical element of the method is an early assessavailable budgetary resources. It also usually assumes an
ment of the most probable conditions and the most unfavorableptimal but fixed number of measurements. Information from
conceivable deviations from these conditions. Approaches tthe first measurement of the batch is usually not used to refine
the U.S. EPA Superfund RI/FS process (see Appendix X2)he next set of measurements. A completely efficient data
using the observational method have been described by Maicquisition system would incorporate all previous measure-
etal. 2), Brown et al. {3, 14, and Holm (L5) and applied at ments to decide the nature and location of the next measure-
DOE'’s Hanford site 6). In this approach, the emphasis in the ment, as is done in ESC. The DQO process typically uses a
RI stage is to gather information to establish general sitestatistical approach, which is predicted on a random, indepen-
conditions and identify most probable conditions and reasondent set of measurements, in contrast to the ESC’s focus on
able deviations as the basis for a flexible approach to remedi@idgmental sampling. Finally, the DQO process often focuses
design. only on chemical measurement of the contaminants of concern;
X1.4.3 Adaptive Sampling and AnalysisAdaptive sam- in contrast, in ESC an integrated understanding of the geologic,
pling and analysis is an approach that has been used succebydrologic, and chemical system is required.
fully at a number of Department of Defense facilities to X1.4.5 SACM and SAFER Processe$he U.S. EPA’s
characterize near-surface contamination of soils (Robbat anBuperfund Accelerated Cleanup Model (SACM) and the U.S.
Johnson 16); U.S. EPA (7); Robbat 40). The approach uses DOE’s Streamlined Approach for Environmental Restoration
field chemical analytical methods and on-site technical deci(SAFER) are complementary approaches for speeding up the
sion making with geostatisically based models to guide sam€ERCLA RI/FS process (U.S. EPAY, 42; DOE (20)). Both
pling to determine the nature, extent, and level of contaminaSACM and SAFER were developed primarily because site
tion present at a site. The approach requires field analyticadharacterization efforts at CERLA and RCRA sites were taking
techniques applicable to the contaminants and action levels @do long and did not always provide the information required
concern for the site and a means for rapidly making decisionfor effective remedial action. SAFER integrates the DQO
in the field regarding the course of the sampling programprocess (X1.4.4) with the observational method (see X1.4.2).
which is accomplished by on-site computer processing usin@AFER involves regulators, stakeholders, and project manag-
geostatistical, visualization, and other data analysis softwarers in an integrated process that includes all activities associ-
The adaptive sampling approach generally focuses on charaated with site characterization and remediation. The SAFER
terization of near-surface soil contamination. approach is designed to be aggressive and flexible in making
X1.4.4 Data Quality Objectives (DQO) ProcessThe DQO  decisions based on current information, as well as compatible
process is a quality management tool developed by the U.&nd compliant with existing environmental regulations. ESC,
EPA (18) to facilitate the planning of environmental data SACM, and SAFER all emphasize the importance of including
collection activities. The DQO process involves seven majogll stakeholders in the planning process. The ESC process can
steps: 1) state the problem,2] identify the decision(s),3)  be readily incorporated into the site characterization compo-
identify inputs, @) define boundaries5) develop a decision nent of the SAFER process. Because ESC reduces the time
rule, (6) specify acceptable decision errors, ai)l ¢ptimize  needed to obtain an accurate understanding of the geologic,
data design. The process brings together the right playetydrologic, and chemical system at a site, it allows less
(stakeholders and technical staff) at the right time to gairreliance on the observational approach, which focuses on
consensus and commitment about the scope of the project. Thidentifying most probable conditions and contingency planning
interaction results in a clear understanding of the problem, théor reasonable deviations during remedial action. Because
actions needed to address that problem, and the level afncertainties concerning optimal design and operation of
uncertainty that is acceptable for making decisions. Throughemedial measures are reduced by the accurate site model,
this process, data collection and analysis are optimized so onlgontingency planning would be a less significant element when
those data needed to address the appropriate questions &®C is used in the framework of SACM or SAFER.
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X1.4.6 Triad Campaign geographic extent and amount of contamination, the expanded
The triad campaign led by the U.S. EPA’s Technologysite assessment involved in Tier 3 of the risk-based correction
Innovation Offices focuses on managing uncertainty in enviaction (RBCA) process might justify initiation of the ESC
ronmental decisions by promoting the use of systematiprocess.
planning, dynamic work plans, and quick turnaround measure- X1.5.3 Guide E 1903-The ASTM’s Committee E50 has
ment technologies (Crumbling, et al43)). The campaign developed guidance for conducting a Phase Il environmental
addresses all aspects contaminated, site assessment, a@ité assessment (ESA) for real estate property transactions,
cleanup. The campaign has supported development of a numere a Phase | ESA has identified environmental conditions
ber of guidance documents related to investigation and cleanupat might result in liability under CERCLA or other statutes.
of brownfields (U.S. EPA44, 45). The general focus of the E50 guide is on chemical character-
X1.4.7 Other Rapid Assessment Approaches ization, and Phase Il ESAs can normally be expected to
Other approaches that use on-site decision making have beprovide the kind of information required in Step 1a (see Fig. 3)
developed that share common elements with ESC. Thesa the ESC process. If a Phase | ESA identifies the likelihood
include the Rapid Site Assessment Process used in the stateadfsignificant soil and ground water contamination, it may be
Florida (Applegate and Fitton30); Rodriguez, et al. 46), more cost effective to initiate the ESC process designated to
STERDI (Simultaneous testing, Exploration, Remedial Designmeet the special needs of a real estate property transaction
and Installation) described by Waslenchuk and Mé&n),(and  rather than to conduct a Phase Il ESA. In this event, care
the Expedited Site Assessment Process promoted by EPA&hould be taken to incorporate into the ESC process the specific
Office of Underground Storage Tanks (U.S. EP#8)). Al- needs of investigation for a real estate property transaction as
though not specifically focused on contaminated sites, théentified in Guide E 1903.
approach described by LeGrand and Rost9) émphasizing X1.5.4 Development of This Practieeln April 1996, DOE
the use of existing hydrogeological information to develop aprovided funding to the ASTM to facilitate development of a
prior conceptual model explanation (PCME) is an importantguide that would formalize the ESC process, which was
element of the ESC process. approved as PS 85 in December 1996 with the title Provisional
] ] Guide for Expedited Site Characterization of Hazardous Waste
X1.5 Relationship of ESC to Other ASTM Standards  contaminated Sites. The provisional guide was the result of an
X1.5.1 Guide E 1912-The ASTM’'s Committee E50 has intensive effort by a ten-member core task group. In addition to
developed an accelerated site characterization (ASC) proceize normal ASTM balloting process for a provisional standard,
for use at petroleum release sites. Basic principles of the AC@re-ballot drafts of the guide received review by selected
and ESC processes that are similar include the use of highlgroups of geophysicists, practitioners of direct-push technol-
experienced personnel in the field to lead the investigation andgy, chemists, and individuals representing the perspectives of
an on-site iterative process to guide data collection and limistate regulatory agencies, including a nine-state review panel
the number of field mobilizations. The ASC process is distin-convened by the Interstate Technology and Regulatory Coop-
guished by its orientation toward petroleum releases sitegration Group (ITRC), the U.S. EPA, the U.S. Department of
leadership by a single on-site field manager, and completion iDefense (Air Force, Army, and Navy), DOE, and the U.S.
a single mobilization. The ESC process may be appropriate fdbepartment of Agriculture. The provisional guide was re-
large petroleum release sites, such as refineries. At such siteewed by all 22 states in the ITRC. This full-consensus
both this practice and Guide E 1912 should be reviewed ipractice includes revisions in response to that review. The
order to evaluate whether the ESC or ASC process is morehange in title from guide to practice occurred when the Task
appropriate. Group reviewed the ASTM definitions of guide and practice,
X1.5.2 Guide E 1739-The ASTM’s Committee E50, with and found that the latter term was more appropriate. In 2003
funding support from U.S. EPA, has developed a tieredhis practice was revised to facilitate its use in conjunction with
approach to assessing risk for making decisions concerninthe U.S. EPA guidanc&Jsing Dynamic Field Activities for
remedial action at petroleum release sites. Depending on th@n-Site Decision Making37). See also X1.1.3.

X2. RELATIONSHIP OF ESC PROCESS TO RCRA AND CERCLA

X2.1 The Resource Conservation and Recovery Achave developed the different terminologies summarized below
(RCRA) and the Comprehensive Environmental Responsdor similar phases of facility and site investigations. (Refer to
Compensation and Liability Act (CERCLA, also called Super-DOE (21-22) for additional information and for relevant
fund) are the two main federal statutes and regulatory programsgatutory and Code of Federal Regulation citations.)

that require investigations to determine the extent and serious- . e
ness of subsurface contamination and to identify and imple- <2-2-1 RCRA Facility Assessment (RFAnitial site inves-
ment appropriate remedial measures. Most ESC projects wiff9ation ata proposed RCRA facility at an existing facility with

take place in the context of RCRA or CERCLA, or both. a solid waste management unit with a known or potential
release, or upon the discovery of a solid waste management

X2.2 Terminology—Fhe RCRA and CERCLA programs
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unit that was not examined during a previous RFA. The U.S. X2.2.5 Remedial Investigation/Feasibility Study (RI/FS)
EPA (23) provides guidance on RFAs. Detailed site investigation at a Superfund site to obtain data for

X2.2.2 RCRA Facility Investigation (RFB-Detailed site  developing and evaluating effective remedial alternatives (RI)
investigation initiated when an RFA determines that hazardouand selecting an alternative (FS). The U.S. ERS8,(29
waste constituents have been or are likely to be released froprovides guidance on RI/FS.

a solid waste management unit. The U.S. ERA) (provides ) ) )
guidance on RFIs. X2.3 Relationship to ESC ProcessThe various phases of

X2.2.3 Corrective Measures Study (CMSBtudy to evalu- RC_RA and CERCLA investigations relate to the ESC process
ate corrective measures and select an alternative at a RCRgS indicated below.
facility where an RFI indicates that concentrations of one or X2.3.1 Support for Initiation of ESE&-Completion of a
more hazardous constituents exceed action levels or may poRCRA RFA or CERCLA PA/SI is necessary to make a
a threat to human health or the environment. determination that contamination is serious enough to initiate
X2.2.4 Preliminary Assessment/Site Inspection (PA/SI) the ESC process (Step la in Fig. 3).
Phase of an initial site investigation for a potential Superfund X2.3.2 ESC Phase | and Phase-HESC Phase | and Il
(CERCLA) site, generally involving review of readily avail- investigations are roughly equivalent to a RCRA RFI and the
able prior information (preliminary assessment) and a site visiRl phase of a CERCLA RI/FS.
to obtain samples for chemical analysis (site inspection). The X2.3.3 ESC Phase IH-The ESC process can be extended
U.S. EPA provides guidance on PA25( 26, The Hazard into the CERCLA FS or RCRA CMS phases, but this practice
Ranking System&1), and on SIsZ7). Refer to U.S. EPAR2,  does not address this phase in detail. (See Section 12 and Fig.
53, 54, 53 for more recent guidelines on site assessments. 4 and Fig. 5.)

X3. SELECTION AND USE OF MULTIPLE, COMPLEMENTARY INVESTIGATION METHODS

X3.1 Site Characterization Technologies Used in ESC quality of chemical data that can be used for on-site technical
The ESC process represents a significant shift from theecision making during the ESC process.
approach to environmental site characterization that has X3.1.3 Advances in Data Analysis and Management
evolved since the 1970s as a result of interaction between th'EE(;hnologie.s_l\/liniaturization and increased computing
regulatory, scientific, and applied environmental consultingsower, along with the availability of a wide range of software
communities. Individual elements of the process are currentlyor environmental data management, visualization, and analy-

used in traditional site characterization. The ESC processis, make field data compilation, reduction, and interpretation
differs from traditional site characterization in formally com- possible.
bining relatively recent technological developments.

X3.1.1 Advances in Noninvasive and Minimally Invasive X3.2 Use of Complementary Methods for a Sit€he ESC
Technologies-Improvements in instrumental and signal pro- Process is not technology specific but is designed to optimize
cessing have reduced the cost and turnaround time for dagglection and use of the most appropriate technologies for a
interpretation for a variety of surface and borehole geophysicafarticular site. The process has a bias toward noninvasive and
techniques. Similar advances have occurred for direct-push sdifinimally invasive methods, but the use of any method that is
and ground water sampling equipment, and by adaptation arf@Pt producing good results should be discontinued during a
enhancements of standard geotechnical cone penetration tedif/d mobilization. The principle of using multiple, comple-
nology, for subsurface physical and chemical characterizatiofhentary measurements can be applied in two different ways:
The various noninvasive and minimally invasive techniqued!Se of multiple methods to measure the parameter or site
that are available allow use of multiple, complementary meaduality of interest and use of the same method by more than
surement and sampling methods for three-dimensional charaéhe individual.
terization of the subsurface to an extent that would be X3.2.1 Multiple Methods for Geologic and Hydrologic
prohibitively expensive with conventional drilling and moni- Characterizatior~Agreement between different methods or
toring well installation. approaches used to obtain the same information increases

X3.1.2 Advances in Chemical Field and Laboratory Ana- confidence that the measurements accurately represent what is
lytical Technologies-Improvements and miniaturization of actually in the subsurface. Disagreement among measurements
standard laboratory chemical analytical instruments, includings an indication that additional investigation is required to
automation of sample analyses and improvement in softwarexplain the differences. Examples of complementary methods
for analyzing instrument signals, together with the developinclude the use of multiple geophysical surveys (such as
ment of a wide variety of field chemical test kits for environ- ground-penetrating radar, electromagnetic induction, and mag-
mental contaminants, makes “real time” (minutes to dayshetic surveys) to detect areas of buried waste, collection of
sample data results available during a single mobilization focontinuous soil cores adjacent to an electronic cone penetration
three-dimensional mapping of subsurface contamination. Moboring to correlate the electronic cone penetrometer (ECPT)
bile laboratories or the use of overnight delivery to fixedlog with actual lithology, the acquisition of multiple borehole
laboratories means that there are essentially no limits on thgeophysical logs (resistivity, induction, gamma) in a single
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borehole, analysis for multiple geochemical constituents andock cores by two individuals; and analysis of the same soil or
isotopes to differentiate aquifers, and the analysis of a singlground water sample by the same method in a field laboratory
soil or ground water sample with different analytical methodsand an EPA-approved Contract Laboratory Program (CLP)
Multiple methods are not necessarily required at all samplingaboratory.
points. For example, if soil cores adjacent to two or three ECPT
logs show good correlation between logs and major lithologic X3.3 ASTM Guidance on Field Investigation Metheds
units, complementary boring may be discontinued. Converselyauide D 5730 includes an index of more than 400 ASTM
if ECPT logs show poor correlation with visually logged guides, practices, and test methods that may be useful for
lithologic units, more careful evaluation of the ECPT sensorenvironmental site characterization. Table X3.1 identifies ma-
outputs (tip, sleeve, and pore pressure) may be required, or tfier ASTM guides and practices that may be of value in
lithologic log descriptions may need to be evaluated to seéelecting field characterization methods and conducting field
whether inaccurate description or poor recovery is causing thi@vestigations.
poor correlation. The same would be true for any innovative . . ) .
technology that could potentially provide information with X3.4 Field Sampling and AnalysisThe importance of -
greater ease or at a lower cost. Complementary methods my&pPid turnaround of chemical sample analyses for on-site
be used along with the innovative technology enough times téechnical decision making in the ESC process requires special
demonstrate that the latter can continue as a stand-alor@tention to chemical QA/QC issues. The optimization of
method at the site. Caution should be used in applying@mpling locations allowed by the ESC process is generally
innovative technology to assure that it is based on soun@ccompanied by selection of analytical methods that provide
principles and carried out by reputable professionals. high levels of data quality. Appendix X2 in Guide E 1912
X3.2.2 Multiple Individuals Using the Same Methedhe _dlscusses da_ta qu_allty levels for_flel_d chemical characte_:nzaﬂon
principle stated in X3.2.1 also applies when different individu-in more detail. It is the responsibility of the ESC provider to
als use the same method: agreement increases confidence in &giress and resolve issues of field quality with the appropriate
measurement or observation, and disagreement requires furtf&gulatory authority in the Phase | and Phase Il work plans.
investigation to resolve differences. Examples of this compleExamples of such issues are as follows:
mentary use of a single method include the following: two X3.4.1 Comparability of Direct-Push and Conventional
geophysical surveys, such as gravity, designed by two indiMonitoring Well Ground Water SampledDirect-push ground
viduals or groups using the same or different instrumentsyater samples may be more turbid than samples from properly
preparation of two separate lithologic logs of the same soil odeveloped monitoring wells, so issues of filtration, including

TABLE X3.1 Major ASTM Guides and Practices Potentially Useful for Environmental Site Characterization

D 420 Guide to Site Characterization for Engineering Design and Construction Purposes (Vol 04.08)

D 2488 Practice for Description and Indentification of Soils (Visual-Manual Procedures) (Vol 04.08)

D 4043 Guide for Selection of Aquifer-Test Field and Analytical Procedures in Determination of Hydraulic Properties by Well Techniques (Vol 04.08)
D 4448 Guide for Sampling Groundwater Monitoring Wells (Vol 11.04)

D 4687 Guide for General Planning of Waste Sampling (Vol 11.04)

D 4696 Guide for Pore-Liquid Sampling From the Vadose Zone (Vol 04.08)

D 4700 Guide for Soil Sampling from the Vadose Zone (Vol 04.08)

D 5088 Practice for Decontamination of Field Equipment Used at Nonradioactive Waste Sites

D 5092 Recommended Practice for Design and Installation of Ground Water Monitoring Wells in Aquifers

D 5126 Guide for Comparison of Field Methods for Determining Hydraulic Conductivity in the Vadose Zone

D 5254 Practice for the Minimum Set of Data Elements to Identify a Ground Water Site

D 5314 Guide for Soil Gas Monitoring in the Vadose Zone

D 5408 Guide for the Set of Data Elements to Describe a Ground-Water Site, Part 1-Additional Identification Descriptors

D 5409 Guide for the Set of Data Elements to Describe a Ground-Water Site, Part 2—Physical Descriptors

D 5410 Guide for the Set of Data Elements to Describe a Ground-Water Site, Part 3-Usage Descriptors

D 5434 Guide for Field Logging of Subsurface Explorations of Soil and Rock

D 5474 Guide for Selection of Data Elements for Ground-Water Investigations

D 5518 Guide for Acquisition of File Aerial Photography and Imagery for Establishing Historic Site-Use and Surficial Conditions
D 5521 Guide for Development of Ground-Water Monitoring Wells in Granular Aquifers

D 5753 Guide for Planning and Conducting Borehole Geophysical Logging

D 5777 Guide for Using the Seismic Refraction Method for Subsurface Investigations

D 5792 Practice for Generation of Environmental Data Related to Waste Management Activities: Development of Data Quality Objectives (Vol 11.04)
D 5903 Guide for Planning and Preparing for a Ground-Water Sampling Event

D 5980 Guide for Selection and Documentation of Existing Wells for Use in Environmental Site Chracterization and Monitoring
D 5911 Practice for a Minimum Set of Data Elements to Describe a Soil Sampling Site

D 6001 Guide for Direct Push Ground Water Sampling for Geoenvironmental Investigations

D 6067 Guide for Using the Electronic Cone Penetrometer for Environmental Site Characterization

D 6169 Guide for Selection of Soil and Rock Sampling Devices Used with Drill Rigs for Environmental Investigations

PS 78 Guide for Selection of Surface Geophysical Methods

D 6282 Guide for Direct Push Soil Sampling for Environmental Site Characterization

D 6286 Guide for Selection of Drilling Methods for Environmental Site Characterization and Monitoring

D 6429 guide for Selecting Surface Geophysical Methods

D 6634 Guide for Selection of Purging and Sampling Devices for Ground-Water Monitoring Wells

D 6724 Guide for Installation of Direct Push Ground Water Monitoring Wells

D 6725 Practice for Direct Push Installation of Prepacked Screen Monitoring Wells in Unconsolidated Aquifers

Aln Annual Book of ASTM Standards, Vol 04.09, unless otherwise indicated
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sizes of filters, need to be addressed in the ESC work plawell provide more accurate measurements than a fixed labora-
protocols. Direct push wells may also be useful as an alternaery. This may or may not be the case for other constituents. In
tive to conventional monitoring well installations for time- addition, some state regulatory authorities require the use of
series ground-water monitoring. certified laboratories for chemical analyses. The field sampling

X3.4.2 Comparability and Quality of Field, Mobile Labo- and analysis protocols in the ESC work plan may need to
ratory, and CLP Laboratory Analytical ResuttsVhere vola-  address these issues specifically.

tile contaminants are involved, field analytical methods may

X4. QUALITY CONTROL FOR GEOLOGIC AND HYDROLOGIC CHARACTERIZATION

X4.1 Strategies for Quality Control in Geologic  X4.2.2 ldentifying Stratigraphy and Water-Bearing Units
Characterizatior—An important feature of an ESC dynamic Initial use of continuous coring (including appropriate mea-
work plan is incorporation of quality control (QC) proceduressures to prevent possible cross-contamination), with selected
for geologic and hydrologic characterization activities into thecores logged separately in detail by at least two qualified
QA/QC plan, in addition to the more established QA/QC project team members and differences reconciled, to confirm or
procedures for collection, handling, and analysis of samples famodify hypotheses for the stratigraphic sequence and to
chemical analysis. The variability of geologic and hydrologicidentify water-bearing unitsQA checkAre there two separate
systems means that it is difficult to assign statistically basedore logs and a reconciled one if they differ significantly?
confidence levels to measurements. Consequently, QC focusesx4_2_3 Recording Borehole Logsldentification of the

on the use of multiple complementary methods or the use of fhinimum information that will be recorded on standard bore-

sigégle methﬁd by m:JItipI/e individue:jls, asfdescf:}ribed i? X3'2'| InhoIe log forms QA checkDoes a random check of one or more
addition to the usual QA/QC procedures for chemical samplin - . . .
and analysis, an ESC QA/QC plan should include sections oqr%)g forms indicate that all minimum information has been

QA/QC for other field activities, including data managementrecorded? ) ) )

(Appendix X5) and geologic, hydrologic, geophysical, and X4.2.4_ _Use _of Particle Size Analys!s to C_:orrect Bor_ehole
spatial control procedures (that is, the accuracy of horizontdr09S—Initial field or laboratory particle size analysis of -
and vertical location of measurement and sampling points)S€lected logged units performed to check accuracy of field soil
Each procedure should be formulated in a way that allows théextural descriptions (USDA, unified soil classification (See
project team member responsib|e for QAto determine Whethel?ractice D 2488, see Table X3.1 for full citation, WentWOfth) in
procedures were followed. In the illustrative examples forfield logs, until there is a good match between manual textural
geologic characterization that follow, the QC procedure isclassification and particle size analyses; borehole log descrip-
described first, followed by the QA check in the form of one ortions revised when field textural classification is in erQA
more questions that can be answered yes or no. QC procedure?eck Have initial field logs been corroborated and corrected
and QA checks can be developed similarly for hydrologic anddy particle size analysis?

geophysical characterization and for spatial control. Once an X4.2.5 Calibration of Electronic Logs Against Cored
ESC provider has developed QC procedures in these areas, thegs—Use of continuous geologic logs as initial controls for
appropriate ones can generally be incorporated into the QA/Q@ultiple geophysical borehole logs and electronic cone pen-
plan for a particular site with little or no modification. etrometer (ECPT) logsQA check Are geophysical logs
available for at least one continuous geologic log, and is there
an adjacent ECPT log?

X4.2.6 Use of Surface Geophysical Measuremedtse of
surface geophysical measurements, if technically appropriate,

X4.2 lllustrative Examples of Quality Control in Geologic
Characterization'©

X4.2.1 Preparing Geologic Cross Sectiehddentification
of marker stratigraphic units and drawing of geologic cross _ . ; — . Y ; -
sections based on original interpretation, by core technica raldr?ircltlt% uz%rz]atrlir:ausltﬁsun%trgA(ilrS\ggzagl\j/lgisur?;c?aéog ts}trg'?
team members with expertise in geology and hydrology, of alpraP geophy

aerial photographs, geologic surface outcrops, wells, boringgfr’1| me_asgrements l_)een US.Ed tq identify (_:ontmume_s and
g|scont|nU|t|es of major stratigraphic boundaries or units? If

and test holes within the immediate area of the site (within a . .
least two- or three-mile radiusPA check Have original cross not, have surface geophysical measurements been determined
o be technically inappropriate?

sections been prepared, and how many people were involved f )
preparing them? (Increasing QC as number of individuals X4.2.7 Use of Subsurface Geophysical Measuremetise
increases). of continuous coring or direct-push geophysical measurements
to confirm possible stratigraphic discontinuities identified by
surface geophysical measuremei@#\ check Have any sur-
Adapted_ fromMaster Wo‘rk Plan: E)_(pedlted Site Charactenzatlons at CCC/ face geophyS|caI surveys identified pOSSIb|e stratlgraphlc dis-
USDA Sites in Nebrask&pplied Geosciences and Environmental Management inuities? If h h Its b hecked b
Section, Environmental Research Division, Argonne National Laboratory, Argonnepommu'tles- so, have the survey results been checke y

Illinois, January 1994, coring or borehole geophysical observations?
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X5. QUALITY CONTROL FOR FIELD DATA AND COMPUTER RECORDS **

X5.1 Quality Objectives-Computer records are files that X5.3.3 Master Data Files—Master data files, defined as
contain either prior data, data acquired in the course of ES@ither original data recorded on transportable media or tran-
field work, or the results of processing and interpreting thesecriptions of original data onto transportable media, are stored
data. The primary quality objective with regard to computerin a secure work or storage location that is separate from
records is to maintain the security and integrity of characterworking copies of these files. Copies of original supporting
ization data, from initial acquisition through final archival, and paperwork, such as field notes, laboratory reports, observer
provide characterization team members with ready access teports, and paper logs, are maintained with the master data
information contained in computer records. files, either in the form of duplicate paper copies or as digital

) o images. Master data files are labeled in a manner that includes
~ X5.2 Quality Assurance ResponsibikiyThe data manager e |ocation name of the data source. If corrections are made to
is responsible for ver|fy|_ng t_hat comput(_ar records of field dataoriginal paperwork used to generate a master file, the team
are assembled and maintained according to the QA standarggsmper initiating the change is responsible for informing the
defined in this appendix. Each team member involved inyata manager, who documents the correction of the original
acquiring computer-recorded field data is responsible for remaster file, initials the original paperwork to verify that all
cording the original computer records according to procedureghanges are made, and retains a copy, The corrected master file
defined in X5.3 and for making these records available to th¢; saved with the other project master file and labeled as a

data manager in the prescribed formats. After field data havgqrected version. The original master file is saved in a separate
been verified by the data manager, assuring the continueg|qer of obsolete master files.

quality of computer records is the responsibility of the com- _ )
puter group. X5.4 Data Processing-To ensure that master data files are

not altered or damaged, all processing of field data is per-
X5.3 Field Data—The following are requirements for field formed by using duplicate copies of master files for input, not

records that are generated, stored, or transferred in the form gfaster data files. Quality assurance of processed data consists
computer files. These include data recorded directly by meansf ensuring that processing is conducted with approved meth-
of computer systems, such as geophysical well logs, seismigds that preserve data integrity throughout the processing
recordings, and electromagnetic soundings, and data that agequence and that processed data are quickly made available to
transferred to computer systems for analysis, storage, or bottechnical team leaders for review and verification. The QA
such as survey information, geologic well logs, processegrocedures are discussed below.

geophysical data, and transcribed chemical analysis data. X5.4.1 Data Processing StandardsData are processed by
X5.3.1 Original Records—The primary QA concern with technical or computer group personnel using benchmark-tested
regard to original field data is that accurate and secure copiesftware systems. Documentation for software used in process-
of all data are preserved and that no data are lost or alterddg is maintained and available for reference. The computer
because of transcription, mishandling, transfer of computegroup is responsible for keeping track of software and upgrade
files, or computer system failure. Any original records that areghat meet quality standards and for providing documentation
entered directly onto a computer hard disk or memory ardor software. Field data are initially preprocessed into a
transcribed in a timely fashion after collection onto a remov-common format that can be imported to processing, display,
able storage medium, such as floppy disks or tapes, and thesad database programs. This normally is a spreadsheet format,
copies are handled as original or master data files. If thexcept in the case of certain geophysical data, for which
original recording is made on a removable medium, theséndustry-standard formats are specified. Data from these files
originals are considered to be original data master files, and adire imported to analysis and display programs to produce
further processing of the data is done with working copiesgraphic displays of results in the field. Results are submitted to
made from these master files. technical team members for validation. During all stages of
X5.3.2 Transcribed Data—Field data that are transcribed data processing, records are backed up daily on a storage
from written form into computer files, such as survey locationsmedium that is independent of the computer on which the
analytical results, or geologic logs, are checked and verified foprocessing takes place. This medium may be an external hard
accuracy at the time of transcription by the team’s datedrive, a removable disk, a floppy disk, or a tape.
manager. Following verification, a copy of the computer file is X5.4.2 Review and Correction of ErrorsTo minimize
saved on a removable medium as a master file, together witdrrors in processed field data, processing results are distributed
copies of paper records from which the master files werefaily for review by team members. Where possible, results are
transcribed. These master files are then handled in the sameesented in graphic format to facilitate review and detection of
manner as original master data files. errors. Maps are distributed showing the locations of field
activities, such as soil borings, cone penetrometer sites, and
* Taken with minor modifications fronMaster Work Plan: Expedited Site fSOil Orfv;-lat-er Sa[)nplesi Al’la|ytIC61|| reSrl;HtS are normally (Ijn the
Characterizations at CCC/USDA Sites in Nebraskeplied Geosciences and orm o |st|ngs, ut values are also shown on maps and Cross

Environmental Management Sections, Environmental Research Division, ArgonngeCtionS V\{here pOS_SibIe- Subsurface geOIOgiC and hydrO_IOQiC
National Laboratory, Argonne, lliinois, January 1994. data are displayed in the form of well logs and cross sections.
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Surface geophysical data are displayed on maps, cross sectioisaccompanied by an index indicating the level of QC checks
or both, as appropriate. These displays may be made frottirough which the data have been passed. Each database entry
interim or temporary processing results, provided that alincludes the name of the data manager or other individual who
displays indicate the version, date, or both, of the processingerified the entry. The indices are as follows:

file from which the display was generated. Team members are x5 5.1 QC Level +-Data entries are tentative and subject
responsible for notifying computer support personnel immedig change (for example, unsurveyed boring locations, unveri-
ately of any erroneous or inconsistent results seen in thesgg analytical results, extrapolated stratigraphic boundaries).
displays. Corrections to master data files are documented angs category is used in the field to allow immediate display of
approved by the data manager by following the procedures iBaily results.
X5.3. X5.6.2 QC Level 2-The data entry has been verified by the
) i i data manager.
X5.5 Final Data Processing ResultsWhenever final re- x5 g 3 OC Level 3-The data entry has been verified by the

sults of data processing are reported in a form other thaRata manager, and the ground location of the data source has
listings of raw field data, the computer files that generateqheen confirmed by an official survey.

these results are saved with appropriate labeling to indicate a x5 g 4 QC Level 4-All checks have been completed.

final result. This includes files that generate graphic displaySpygcessed results have been reviewed and approved by tech-
database files, spreadsheet listings, and AutoCAD maps, f¢fical team leaders for inclusion in reports.

example.
X5.7 Data Archival—All master files, files or final results,
X5.6 Quality Control Tracking—At various stages in the files of significant intermediate or auxiliary results, and copies
acquisition, processing, and reporting sequence, data files aoé database are archived in permanent storage, together with
processed into database formats for compilation and displagupporting paperwork and documents. Archival is on a remov-
To ensure that only accurate data are included, each data entajgle medium, which is stored in addition to data saved on
or each group of entries from single source, into the databasstandard backup systems.

X6. EXAMPLE OF THE ESC PROCESS

X6.1 Introduction—The following example illustrated the trenches and pits. Surface and subsurface soil samples col-
use of the ESC process by Argonne National Laboratory at &cted during the PA and Sl programs indicated the presence of
landfill in New Mexico where unauthorized dumping of hazardous compounds (including tetrachloroethylene, toluene,
hazardous waste was suspected (Burgfl), Burton et al. 1)). benzene, acetone, 1,1,1-trichloroethane) in one septage pit area
With minimal prior information, on-site technical decision of the landfill. The Sl results were interpreted by the contractor
making and the use of multiple, complementary characterizaas indicating possible lateral and vertical migration from this
tion methods allowed identification of contaminant sourcespit, presenting a potential hazard to human health and the
potential migration pathways, and contaminant distribution inenvironment. The contractor recommended installation of five
two major field mobilizations without the installation of a monitoring wells at the site. On the basis of the results of the
single monitoring well. The ESC investigation at this particularPA and SI, and landfill was closed. At this stage, Argonne was
site demonstrated no significant movement of contaminantasked by the BLM to initiate an ESC project to determine
from the landfill trenches and pits and no risk of ground watewhether remediation of the landfill was required.
contamination. The appropriate regulatory agencies accepted a o
recommendation of no remedial action or ongoing monitoring. X6-3 Phase I Investigation

X6.3.1 Prior Data and Initial Site Visit—Prior data on the

X6.2 Background disposal history of the landfill were extremely sparse at the

X6.2.1 Landfill Setting and HistorThe Flora Vista land- beginning of the ESC project. Maps of previously covered
fill, located on federal land in northwestern New Mexico andtrenches and pits generated during the PA and S| were
owned by the Bureau of Land Management, covers 13 acres. tbnflicting. Information on regional geology indicated thick
was leased and used as a modified sanitary landfill (not coveresdluvium (>100 ft) with clays at a depth of 30 to 50 ft, covered
daily) by San Juan County from July 1978 through 1989. Inthe Tertiary Nacimiento Formation, a hard, lithified, fairly
1986 the New Mexico Environmental Improvement Division impermeable sandstone. The nearest subdivision and the Ani-
alleged that between the 1970s and August 1985, large quamas River were about 1.8 miles southeast of the site, and the
tities of petroleum, industrial, or other hazardous wastes weraearest residence was 1.2 miles south. At the initial site visit,
deposited in septage waste pits at the site without BLMhe core technical team found that the area had been fenced and
authorization. covered with approximately 2 ft of sandy soil. The only surface

X6.2.2 Previous Investigatiors-A preliminary assessment indication of the locations of pits and trenches at the site was
(PA) in 1986 and a site investigation (Sl) by separate privatan interior fence in the southwest corner, where a septage pit
contractors generated conflicting maps of previously coveredas supposedly located.
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X6.3.2 Phase | Objectives-Two major objectives based on surface at fairly shallow levels (15 to 45 ft) beneath the landfill
the preliminary site model were defined for the Phase kurface. This relatively shallow bedrock had not been predicted
investigation: map the now-buried source areas (trenches ary the regional geology data, but inspection of several nearby
pits) and define migration pathways for contaminant movemenedrock outcrops indicated that the Nacimento Formation
from these sources areas (bedrock surface, clay lenses, surfammild be present as an erosional bedrock surface at the landfill
drainage patterns, depth to water table). When the source aisite. Because this surface might play an important role in
migration routes were delineated, an optimal sampling projeatnsaturated flow from the trenches and pits, the field project
in Phase |l could be designed to fully test migration from thewas altered to include a more comprehensive seismic refraction
sources. survey within and immediately around the landfill. Seismic

X6.3.3 Source Area CharacterizatierSurface geophysical survey profiled provided 76 depths to bedrock, which were
surveys used to map trenches and pits included magnetometrgntoured to reveal an erosional surface with potential subsur-
to detect possible buried metallic waste and trench boundaridace migration pathways at the interface between the less
(see Fig. X6.1) and two frequency domain electromagnetipermeable bedrock and overlaying unconsolidated materials
(EM 31 and EM 34) surveys to detect possible contaminanhaving a generally southwesterly direction (see Fig. X6.5). The
plumes associated with oil field wastes that might have beeseismic surveys, combined with electrical resistivity and
placed in the landfill. The chief emphasis was on the EM 31,;TDEM studies, indicated that the water table was about 150 ft
with a penetration of about 15 ft, for mapping landfill trenchesbeneath the surface. These surveys were confirmed when two
and pits (see Fig. X6.2). The results of the EM 34 survey (seexisting wells were located near the site and the depth to water
Fig. X6.3), with a depth of exploration of about 50 ft, could be was measured at 150 ft. The TDEM and EM-31 surveys
interpreted as either conductive contaminant plumes or claidentified clay layers (aquitards) in the subsurface, dipping in a
layers, on the basis of preliminary site model. The threedirection generally similar to that of the buried bedrock
surveys were combined to establish probable locations ofurface. A surface topographic survey of the landfill indicated
shallow and deep trenches and pits (see Fig. X6.4). Significara general southerly direction of surface runoff, with runoff from
interpretations by the ESC core technical team of the surfacthe eastern edge to the east (see Fig. X6.6).
geophysical surveys included the possibility of deep contami- o
nant source areas in the north central and southeast areas of th&6-4 Phase Il Investigations
landfill and evidence of shallow contamination extending X6.4.1 Phase Il Objectives-The site model, represented as
beyond the interior fenced area in the southwest corner tha map showing potential trench and pit sources and the
was supposed to delineate the area of the septage disposal pibtential surface and subsurface migration pathways, was used

X6.3.4 Migration Pathway Characterizatieh-Seismic re- to identify soil and soil boring sampling points to determine the
fraction, electrical resistivity, and time domain electromagnetiaistribution and concentration of contaminants in the subsur-
(TDEM) surveys were used to evaluate potential subsurfactace (see Fig. X6.7).
migration pathways. After two days in the field, it was evident X6.4.2 Soil Boring and Sampling ResultsAt the begin-
that the seismic refraction survey was mapping a bedrocking of the Phase Il field investigation, sampling and soil

Note—Values are in gammas. Areas 200 gammas above background are marked with + symbol and represent solid waste trench locations.
FIG. X6.1 Total Field Magentic Contour Map for Flora Vista Landfill
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FIG. X6.3 EM 34 Contour Map for Flora Vista Landfills

boring locations were chosen to observe and sample all maj@ccurate within 10 ft. The clay layers identified by the TDEM
migration pathways without drilling into a trench or pit. This and EM 31 surveys were also confirmed by drilling. Careful
restriction avoided the possibility of introducing contaminationhand augering or drilling into the near-surfaced soil substanti-
into the subsurface by arbitrary drilling through potentially ated the presence of pit and trench boundaries within 5 ft of the
contaminated pits and trenches, as well as improving healtaxpected locations.

and safety protection of the staff. Bedrock depths determined X6.4.3 Waste Pit Delineatioa-The only pit area actually

by deep drilling substantiated the general nature of the bedrodirilled to depth was the fenced area in the southwest corner.
surface and indicated that the seismic bedrock depths weiBuring the S, the contractor had drilled two soil borings (WB1
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FIG. X6.5 Bedrock Topography Map of Flora Vista Landfill Showing Potential Subsurface Migration Pathways

and WB2, Fig. X6.8) in the vicinity of a septage pit that waswells and additional soil borings would have been required in
open to the surface at the time. On the basis of the analyticaln attempt to understand this one area.

results from this drilling, the contractor had proposed that xg 4.4 Contaminant Distribution and RiskOnly low lev-
lateral and vertical migration of contaminants has occurreds of yolatile and semivolatile organic compounds and metals
from the pit area. The EM 31 survey results, combined withere found in isolated locations of the septage pit of the landfil

information for eight borings within and adjacent to the pit and,, howhere else on the site. No evidence was found for either

cqup_led with reexamination of the con_tractor data, showed th%teral or vertical movement of these contaminants from the
this is actually one large septage pit and that no lateral or

vertical migration has occurred from it. Without the EM 31 waste pit or landfill, and future movement is unlikely because

data, outlining the possible boundaries of the pit, and thethe area receives <8 in. of rainfall annually. Futhermore, the

seismic data, giving an idea of the location of the base of théjepth to ground water (about 150 ft), protection by 10 to 20 ft
pit, considerable time and money for drilling of monitoring
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FIG. X6.6 Surface Topographic Map of Flora Vista Landfill

—

Surface Drainage Subsurface Drainage Subsurface Drainage Divide
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Y

FIG. X6.7 Source Areas and Potential Surface and Subsurface Migration Pathways at Flora Vista Landfill as Defined by Geologic and
Geophysical Surveys, with Soil and Soil Boring Sampling Points for Testing Contaminant Migration

of clay in the alluvium, and a bedrock thickness of 85 to 100ESC team recommended closure of the landfill without instal-
ft meant that the risk of ground water contamination waslation of monitoring wells or remediation. These recommen-
negligible. dations were accepted by the appropriate regulatory agencies.

X6.5 ESC Investigation RecommendatieriBhe Argonne
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FIG. X6.8 Drilling Confirmation of the One Waste Pit Predicted by the EM 31 Survey at Flora Vist Landfill

X7. SECOND EXAMPLE OF THE ESC PROCESS

X7.1 Introduction—The following example illustrates the is relatively level with surface water bodies about 200 ft west
use in 1995 of the ESC process at a 4-acre South Carolina sitexd 400 ft south of the trench areas. An intermittent stream
with buried waste trenches. This work was under the directiowonnects these surface water features (see Fig. X7.1). The
of Dr. Albert Bevolo of the Ames Laboratory with a core regional geologic setting consists primarily of fluvial sands,
technical team consisting of senior personnel from Ames andome of which may be silty or clayey, with localized clay
the major subcontractors for the project. The two-phased ES&tringers and layers of cemented sands. A regional “green clay”
program resulted in the identification of a discrete source areaquitard common at the SRS, lying at the base of the shallow
within the trenches and the rapid, high-resolution delineatiorfluvial sand aquifer, was estimated to be 24 m (65 ft) to 50 m
of the vertical and horizontal extent of ground water quality(150 ft) below the ground surface near the OSB.

impacts emanating from the source area. X7.2.3 Previous Investigations-Prior to the ESC investi-
gation, site investigation activities at the D-Area OSB between
X7.2 Background 1984 and 1994 included soil probings, a few cone penetrometer

X7.2.1 History—The D-Area Oil Seepage Basin (OSB) at (CPT) pushes, a magnetic survey, several ground-penetrating
the DOE Savannah River Site (SRS) was known to contaimadar (GPR) surveys, and a soil gas survey. In addition, six
buried debris in trenches as deep as 8 ft, including drums angiezometers were installed to monitor water table fluctuations,
oil, other trash, and possibly other wastes. An interim actiorand four ground water monitoring wells were installed to
was planned for the basin in early 1995 to remove drumsprovide ground water quality data. On the basis of information
debris, and the principal threat source material, such as fregbtained from these piezometers and monitoring wells, local
product and sludge. However, a very high water table andhallow ground water flow was generally thought to be in a
inundation of the trenches by ground water in early 1995outhwesterly direction. The water table was found to fluctuate
forced postponement of the interim action until the ESCseasonally from a depth of 1.2 m (4 ft) 4 m (14 ft) below the
investigation was completed. ground surface. Consequently, during seasonal high-water-

X7.2.2 Waste Trench SettingThe D-Area OSB occupies table conditions, shallow ground water was found to intersect
an area approximately 240 by 440 ft (see Fig. X7.1). The sit¢he lower part of the trenches at a depth of 2.5 m (7 ft) below
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FIG. X7.1 Site Plan of D-Area Oil Seepage Basin, with the Original Four Well Locations (4)

grade. Although some environmental sampling had been com- X7.3.2 Preliminary Site Model and Investigation
pleted, a specific list of contaminants of concern (COCs) had/lethods—After completion of a visual reconnaissance of the
not been identified by the regulators before the ESC prograrsite in April 1995 and familiarization with existing data,
began. A scoping meeting was held in April 1995 with including aerial photo analysis of the site to identify any
representatives from U.S. EPA Region IV and the Southunusual geomorphic conditions, a preliminary site model was
Carolina Department of Health and Environmental Controldeveloped. Fig. X7.2a) shows the general direction of ground
(SDHEC) to obtain concurrence on the dynamic work planwater flow, based on available data, and Fig. X(b)shows a

strategies. preliminary cross section of the site, along with the depths of
o geophysical measurements to be made. Table X7.1 identifies
X7.3 Phase | Investigatian the types of geologic and hydrogeologic measurements made

X7.3.1 Objectives—The primary objectives of the Phase | during the Phase | investigation, the preliminary objectives of
investigation were to characterize the geologic and hydrogedhe measurements, and the data obtained. The Phase | field
logic conditions at the site to identify potential migration investigation occurred in a two-week period in early June 1995
pathways, locate accurately the buried waste trenches, armuhd a two-week period in early August 1995. All of the surface
establish an appropriate list of COCs as the focus for Phase énd borehole geophysical measurements and interpretations
activities. Information gained in meeting the first two objec-were made by Dick Benson and his crew from Technos, Inc.,
tives would provide a starting point for the sampling andunder subcontract to the Ames Laboratory. The Geoprobe
analysis program in Phase Il, while that from the third wouldconductivity measurements were conducted by Zebra, Inc. The
determine the chemical analysis program for Phase Il. CPT investigations were performed with an Applied Research
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FIG. X7.2 D-Area Oil Seepage Basins Site Map Showing the Initital Conceptual Model of Site Conditions: (a) Trench Boundaries and
General Direction of Ground Water Flow, (b) East-West Cross Section Along with the Depth of Geophysical Measurements to be Made
(34)

Associates CPT and by an Applied Research Associates cregxerting some control on an inorganic leachate flowing south-

operating the DOE Site Characterization and Analysis Penwest from the trenches. The green clay was found to be present

etrometer System (SCAPS). All Phase | soil and ground wateat a depth of about 40 ft below grade, some 20 ft shallower than

sample collection and off-site analyses to establish the list ofegional estimates.

COCs were conducted by McLaren/Hart, Inc., under subcon- X7.3.4 Trenches—High resolution GPR (Fig. X7.4a)) and

tract to the Ames Laboratory. electromagnetic conductivity surveys (see Fig. X} with
X7.3.3 Geology—Correlation of two geologic borehole logs 1-m spacing were used to delineate accurately the two major

drilled with the rotosonic methods to extract continuous coregast-west trench areas, several areas of disturbed soil, and local

with geophysical logs (see Fig. X7(&)), GPR and electro- areas of buried debris outside the main trenches.

magnetic conductivity survey results, and Geoprobe conduc- X7.3.5 Revised Site ModelFig. X7.5(a) and Fig. X7.5b)

tivity logs (see Fig. X7.3b)) indicated two high-conductivity show the site model at the end of Phase I, with the two silty

zones at about 10 to 25 ft below ground surface. Sieve analysiayers above the green clay influencing migration of the

data from the two cores, combined with reevaluation of thenorganic plume inferred from the various conductivity mea-

Geoprobe conductivity logs and the CPT logs, led to thesurements. The main changes from the initial site model were

conclusion that the conductive layers were associated with thithe existence and nature of the nearly continuous intermediate

layers of silt or slightly cemented sands, or both, which werel0-ft and 25-ft layers and their associated high conductivities,
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TABLE X7.1 Geophysical, Geologic and Hydrologic Measurements Made as Part of the D-Area Oil Seepage Basin ESC Phase |
Investigation (modified from (34).

Measurement Characterization Objectives Additional Data Obtained
Two Boreholes « Stratigraphy « Sieve analysis
« Depth and thickness of green clay « Time series water level data from intalled

piezometers

Geophysical Logging « Stratigraphy (correlation or lack of it between existing ¢ Slightly elevated conductivity, indicating an inorganic
— Natural gamma piezometers, wells, and the two new boreholes) plume in new downgradient piezometers and one

— Density existing well

— Porosity

— Induction (conductivity)

— Ground-Penetrating Radar (100 MHz) to about 20 ft « Detailed stratigraphy to 20 ft « Dip of shallow strata and buried channels, which may
« Mapping of buried materials control DNAPL flow

— Ground-Penetrating Radar (40 MHz) to 60 to 70 ft  « Deeper stratigraphy and green clay « Insight for the site model dip of deeper strata and
buried channels, which may control DNAPL flow

Electromagnetic Conductivity Measurements « Lateral geologic variability « Detection and mapping of inorganic leachate plume

—EM381to 5 ft « Mapping of buried materials extending from burial pit by EM31 and EM34

— EM31 to 20 ft

— EM34 to 50 ft

Geoprobe Conductivity Logging « Detailed data on stratigraphy to depths of 40 to 60 ft « Data on the distribution of inorganic contaminants
« Insight for the site model

Cone Penetrometry « Stratigraphy by soil type « Data for reinterpretation of Geoprobe conductivity
measurements

Slug Tests « Typical values for hydraulic conductivity

Water Level Measurments « Confirmation of the local ground water flow direction

as well as the shallower depth to the green clay layer. Theide), seven pesticides (4,4'-DDE, 4,4’-DDT, alpha-chlordane,
continuity and nature of the two shallow aquitards weregamma-chlordane, alpha-BHC, beta-BHC, and dieldrin), and
determined primarily by the minimally intrusive CPT and four metals (arsenic, antimony, beryllium, and manganese).
Geoprobe conductivity measurements performed in early AuThe extension of the EM measurements to the southwest of the
gust 1995. D-area OSB site to determine its down gradient extent was

X7.3.6 Chemical Analyses-Soil and ground water samples agreed upon at this meeting and completed within two weeks.
collected near the trenches were intended to characterize the
contaminants present at the source area. The samples were sent/-> Phase Il
off-site to fixed laboratories for definitive chemical analysis by X7.5.1 Objectives—The Phase Il objectives were to: (1)
SW-846 methods at accelerated turnaround times. The sampldefine precisely the specific source area(s) within the waste
were analyzed for: volatile organic compounds (VOCSs), totakrenches that were affecting the quality of the shallow ground
petroleum hydrocarbons (diesel and gasoline ranges), bageater and (2) determine the configuration and extent of both
neutral/acid extractable (BNA) compounds, pesticides andhe dissolved organic and inorganic contaminant plumes in
polychlorinated biphenyls, metals, and dioxins. After analysisshallow ground water down gradient of the D-Area OSB by
data validation was accelerated. Validated analytical resultgsing the hydrogeologic model derived from the Phase |
were then used to establish a proposed list of COCs for thivestigations. Phase Il field activities began in mid August
Phase Il program. 1995 and were completed in three weeks.

X7.5.2 Chemical Characterization MethodsChemical

X7.4 Interphase—The ESC core technical team met with characterization of ground water during Phase Il included
representatives from U.S. EPA Region IV and the SDHEC orscreening level chemical analyses with water quality kits or
July 20, 1995, to review the preliminary results of Phase Imeters to measure phosphates, dissolved oxygen, nitrates, pH,
activities. Analytical results from source area sampling wereand conductivity and quantitative/definitive analyses in on-site
compared to risk-based concentration (RBC) levels and twanobile laboratories capable of performing Level Il U.S. EPA
times the average background levels. The high quality of thenethods (SW 846) for the identified COCs (for VOCs, gas
data allowed a shorter list of site-specific COCs to be develehromatograph Method 8021, and gas chromatograph/mass
oped, which would be the focus of specific source area trackingpectrometer Method 8260; for pesticides, gas chromatograph/
within the trenches, and permitted the delineation of grouncklectron capture detector Method 8080; and for metals, induc-
water quality impacts down gradient of the trenches as part dively couple plasma Method 6010 and graphite furnace atomic
Phase Il activities. The final list of COCs agreed upon with theabsorption Method 7060). Once generated, all data underwent
regulators included three VOCs (PCE, TCE, and vinyl chlo-thorough data validation with standard U.S. EPA methodology.
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FIG. X7.3 Stratigraphic Correlation of Geologic Log in new Piezometer DOL-2 with (a) Natural Gamma, Induction, Density and Porosity
Logs, and (b) Ground Penetrating Radar Profile and Conductivity Logs (33)

Both the ground water sample collection and the definitivetors, seven vertical-profile samples were determined to be the
on-site chemical analytical program, including on-site dataminimum number near the trenches to ensure that no narrow
management and validation, were managed by Steven Gefilume could be missed, with the specific sample depths at each
and Todd Morgan from McLaren/Hart, Inc., under subcontractocation based on the site model. Sample collection locations
to the Ames Laboratory35). started near the buried waste trenches in order to find even
X7.5.3 Ground Water Sampling-Ground water sample col- single drum sources, and when COCs were detected in a
lection during Phase Il was accomplished with the use of twsample, subsequent sample locations were guided by the
Geoprobe direct-push sampling units mounted on four-wheelgeologic and hydrologic site model. As the sampling locations
drive vehicles to permit sampling in nearby forested areas. Almoved farther from the waste trenches, each hit above the
ground water samples were collected from 2-ft depth-discretaction level was followed down gradient until it was bounded
intervals with the use of slotted rods or screens. Jugdemenin all dimensions by hits below the action level. When this goal
based sampling was used to determine the 13 possible COfas accomplished for all 13 COCs, the sampling program
plumes. The depths to be sampled were based on the hydrended. This strategy reduced the number of depth-discrete
geologic site model centered, on the controlling 10-ft, 25-ft,sampling intervals at each location, as well as the analytes
and green clay aquitards. Infield consultation with the regularequired per sample. Thus, only the actual number of samples
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FIG. X7.4 Example Geophysical Survey Data: (a) Typical 100 MHz Continuous Radar Profile Along a West to East Line Through the
Trench Area Showing Main Trench and Local Buried Debris Outside Trench (34), (b) EM31 Conductivity Contour Map (millisiemens/
meter) Showing Location of Trenches, Several Apparent Outliers of Buried Waste to the North, and a Possible Inorganic Contaminant
Plume Moving Southwest (33)

needed to accomplish the goals of the program were collectegokerfect indicator of the possible organic plumes. All of the four
and analyzed. To track all 13 COC plumes, over 200 groundnetallic COCs were shown to be in isolated locations and at
water samples were collected from a total of 65 Geoprobelepths not associated with the trenches. No pesticides were
sampling locations (Fig. X7.6). detected above the action level. Fig. X7.8 shows the final site
X7.5.4 Contaminant Plumes-The dip and small disconti- model, with the two blacked boxes representing the only
nuities in the generally continuous 10-ft and 25-ft layersremaining pathways requiring remediation.
allowed complex, multileveled plumes of dissolved organic X7.5.5 Savings Due to ESEThe narrowness and tortuous
contaminants (TCE, PCE, vinyl chloride) to migrate away fromshape of the actual organic plumes were such that a three-
the waste trenches in a southwesterly direction. No evidence afimensional statisitical-grid approach of sufficiently fine scale
dense nonaqueous phase liquids (DNAPLS) was found. The tdp determine the plume shapes would have required well over
view of the TCE plume (see Fig. X7(a) shows evidence of 2000 samples. In contrast, the judgement-based sampling
two discrete sources in the trenches. A side view, along a linstrategy of the ESC project, which was based on understanding
through the main body of the plume (Fig. X1$)), shows the the controlling hydrogeologic features, required only 200
controlling influence of the 10-ft and 25-ft silty layers. The samples to determine 13 plumes. The cost of the Phase |
vinyl chloride plume closely matched the TCE plume, while measurements performed during the ESC investigation was
the PCE plume had an additional lobe that extended severatell below the ten-fold increase in sampling and analysis costs
hundred feet south-southeast of the trenches and also involvéldat a statistical approach would have required.
both silt layers. This observation confirmed the working
hypothesis that the high-conductivity inorganic leachate X7.6 Remedial Actior-Detailed ground water quality
plume, which was mapped during Phase | was a good but nohapping identified two locations within the buried waste
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FIG. X7.5 Site Model at End of Phase | Investigation: (a) Plan View Showing High Conductivity Region to SW of Trenches, (b) East-West
Cross Section Showing Two Continuous Slit Layers Above Green Clay Layer That Control the High Conductivity Regions Believed to
be Due to an Inorganic Leachate Plume from the Trenches (34)

trench network that were causing a vast majority of thesources. Remedial action for the remaining contaminant plume
observed ground water quality effects. This information al-includedin-situ bioremediation.
lowed for timely and cost-effective removal of the contaminant
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FIG. X7.8 Final Site Model Showing Two Darkened Regions that Represent the Only Two Remaining Source/Pathway/Receptor
Connections That Require Further Action at the D Area Oil Seepage Basin (4)

X8. PROCUREMENT AND CONTRACTING FOR ESC

X8.1 This appendix discusses some possible approaches poior data related to the project, to present a preliminary site
procurement and contracting of an ESC project. This appendimodel in the technical proposal. The initial site model could be
should not be interpreted as precluding approaches that are neie of the criteria used to evaluate the technical proposals. The
discussed here. U.S. EPB7, Chapter Ill, Section 2) provides ESC provider with the best technical proposal would meet with
good additional guidance on determining funding need for anhe ESC client, regulatory authority and stakeholders to define
ESC project. U.S. EPAQ) provides guidance on requesting project objectives and then develop a Phase | cost proposal.

and evaluating proposals that encourage innovative technolo- X8.3.2 Phase | Cost ProposatThe detailed cost proposal
gies for brownfields investigation and cleanup. o : : )
may be broken down into major components such as: (1) labor

X8.2 Request for Proposal for an ESC ProjeeThe ESC  (analysis of prior data, Phase | mobilization), (2) drilling/direct
client is responsible for developing a request for proposapush, (3) surveying, (4) geophysical surveys, (5) sample
(RFP) that gives potential ESC providers enough informatioranalysis. Costs for subcontractors would be estimated as
to develop an ESC project proposal. In the case of CERCLAJescribed in X8.4. Cost components for which a unit cost can
and RCRA sites this would include making available thepe assigned ($/sample, $/temporary direct push monitoring
CERCLAPA/SI or RCRA RFA (Appendix X2). For other types well) could be presented in terms of a maximum number (for
of contaminated sites this would include preliminary Siteexamp|e’ “up to 30 Samp'es for ground water Contaminant
investigation reports that provide site information and identifyanaWSiS’ with the understanding that only the number and

contaminants of concern. The ESC client should specify anyyethods necessary to meet the Phase | objectives would be
special requirements for developing an ESC project pmpos%lompleted.“)

that are not covered in this practice. X8.3.3 Phase I/l Cost Proposat-Cost proposals and

X8.3 Selecting ESC Provider (Competitive) negotiated fees for subsequent phases of an ESC project would

X8.3.1 Technical Proposa-Where more than one ESC follow the procedures for Phase I, with the results of the Phase
provider is available and interested in a project, the ESC clienk investigation providing the basis for developing Phase I
may find it beneficial to follow a two-phased proposal evalu-project objectives and costs. If required, the Phase Il results
ation process. The first RFP would request a technical proposalould provide the basis for defining Phase Il objectives and
only. The technical proposal may require limited review of costs.
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X8.3.4 Cost Overruns—In the ESC process cost overruns in financial arrangement with subcontractors. This presents some
a given cost category may be covered by reduced costs in ormhallenges when subcontractors are used for geologic and
or more other cost categories. If unforeseen or changeHydrologic characterization because it is not known beforehand
conditions cause costs to exceed the original categorized feghe extent to which specific site characterization methods will
any additional amount would have to be approved by the ESGe used. Time and materials contracts with reasonable upper
client. and lower limits with corresponding upper and lower bound

%8.4 Sole-Source ESC ProvidetWhere an ESC client SCOP€S of work and with provisions for mobilization and

prefers to work with a single, qualified ESC provider (presum_demoblllzatlon costs provide the flexibility required when an

ably after going through some initial process to establish tthC_ .pI’O.jeCt team includes supcontractors during  the field
ESC provider's qualifications) the procedure for establishin ob|I|zat!0n. When an ESC prqwder de_\{elops a cost proposal,
fees and handling cost overruns could be similar to thaft Would include the upper limits specified for each subcon-
described in X8.3.3 and X8.3.4 tractor, with perhaps some adjustment made to take into
account the expectation that not all subcontractors will require

X8.5 Subcontractors-The ESC provider is responsible for the upper limit.
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