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EXECUTIVE SUMMARY 

TECHNICAL ENFORCEMENT GUIDANCE DOCUMENT 

OST,JE?.. -99 50.:'.. -c: 

The RCRA Ground-Water Monitoring Techni ca 1 Enforcement Guidance Document 
(TEGD), describes what the United States Environmental Protection Agency (EPA) 
deems to be the essential components of a Resource Conservation and Recovery 
Act (RCRA) ground-water monitoring system. The purpose of ground-water 
quality monitoring is to determine whether pollutants from a hazardous waste 
facility are entering the ground water, and if so, at what direction and rate 
the contaminant is moving. The guidance is intended to be used by trained 
professional enforcement officials, permit writers, field inspectors, and 
attorneys at the Federal and state levels. It is intended to assist them in 
making informed decisions regarding the adequacy of existing or proposed 
ground-water monitoring systems or modifications thereto. It is not a 
regulation and should not be used as such. The expected benefits from the 
TEGD are to promote national consistency for RCRA; assist in aecisionmaking, 
provide guidance and focus, improve communications, and increase the 
efficiency of the regulatory process. The TEGD is divided into six chapters 
containing discussions on: 

o Characterization of site hydrogeology 
o Placement of detection monitoring wells 
o Monitoring well design and construction 
o Sampling and analysis 
o Statistical analysis of detection monitoring data 
o Assessment monitoring 

The document is mainly directed towards interim status facilities; 
facilities that were in operation when the Solid Waste Disposal Act became 
effective, but have not yet received a permit. Much of the purely technical 
content, especially regarding site characterization, well design and con­
struction, and assessment of contamination of ground water is equally 
applicable to permitted facilities as well as to non-RCRA programs. The 
variation in hydrogeology even for similar regions may be broad, and no 
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single document could ~rovide detailed, step-by-step instructions for 

monitoring each site. Federal and state writers of the TEGD have developed a 

framework within which a decision-making process may be applied using a 

combination of regional views and site considerations. Personal professional 

judgement is required to apply the guidance to site-specific conditions. 

Flexibility in applying the regulatory requirements may also be used when the 

Code of Federal Regulations and circumstances permit. 

In August 1985, the RCRA Ground-Water Monitorino Comoiiance Order Guide 

was published. It is the companion document to the TEGD and contains guid­

ance on the use and formulation of compliance oraers. It is the hope of the 

U.S. EPA that these guidance documents will further the goal of both the 

regulators and regulated community to protect human health and the 

environment. 

The adequacy of an owner/operator 1 s ground-water monitoring program is 

depenaent upon obtaining a c 1 ear and camp 1 ete understanding of the site 

geo 1 ogy, ana the potentia 1 pathways and rate of contaminant movement. This 

requires the collection of sufficient data to: identify the uppermost 

aquifer that would receive any leakage from the facility, place the test and 

observation wells in the right location and in sufficient numbers, and 

setting the wei l screens at correct deoths 1vithin the water-bearing 

formations. A systematic approach must be developed to include all the 

pertinent site specific -:=actors :nat affect the movement of grouna water. 

Some of these factors include the physical and cnemical characteristics of 

the disposea hazardous wastes; the variation in the geology of the underlying 

gravel, sand. clays, or rocks: the ability of the strata to transmit water 

and pollutants; the effect of rainfall and snow melt reaching the water 

table; and discnarge from the aauifer to streams or lakes. The pumping of 

wells in the vicinity can influence the slope of the water table and cause 

changes in the direction and/or rate of ground-water flow and, therefore, an 

inventory of adjacent water wells is necessary. 

The amount of water the aquifer receives is important in defining how 

fast wastes may enter the ground water. This is dependent upon the intensity 

of storms and the amount of recharge from ra i nfa 11 and snowfa 11. A 

representation of the hydrologic cycle in shown in Figure 1. As illustrated 

in the hydrologic cycle moisture will evaporate or transpire to the 
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atmosphere, or infiltrate to the ground-water system. The subsurface soils 

and geology have a direct impact on rate of water infiltration. Clay-rich 

soils retard infiltration whereas loose sand and gravel provide for rapid 

infiltration. 

The following sections summarize the Chapters in the TEGD. 

CHAPTER 1. Characterization of Site Hydrogeology 

Characterization of Site Hydrogeology documents what is below the ground 

surface. This information is essential to the owner/operator in designing a 

ground-water monitoring program. Because of the camolexity of ground-water 

monitoring systems, owners/operators may discuss the intended approach with 

qualified state or EPA oersonnel to assure that adeauate data are collected 

and that approp~iate tecnniques are used to collect, assemble, and interpret 

the information gatherea. Each site is unique and therefore the information 

to oe obtai ned must be customized to the \vaste characteristics and to the 

geologic features that may receive leaking 1tvaste material. EPA technical 

reviewers and permit writers should evaluate the adequacy of the facility's 

hydrogeologic assessment monitoring network. 

In order to define the geology beneath the site and to obtain the data 

necessary to comply with 40 CFR 265.90, the characteristics of the soil and 

geology above and below the water table must be studied. This often requires 

a review of aerial photographs, topographic maps, and geologic reports; an 

examination of test borings already available for the site or adjacent area; 

a reconnaissance of the site to investigate surface features; and a test 

boring program to define geologic cross sections and to prepare a geologic 

mao for the area. Often surface geophysical surveys such as seismic, 

electromagnetic, resistivity, and radar may be utilized. Accurate data on 

the soils from each bore hole should be logged in the field by a qualified 

professional. Samples should be collected by split core samplers, which keep 

the sample intact but allow easy removal. When required by site conditions 

the owner/operator should also provide laboratory analysis of each 

significant geologic unit and soil zone to give background on physical, 

chemica 1, moisture properties, ground-water flow rates, and other pertinent 

data. When all boreholes are complete, simultaneous water level measurements 
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must be made at the boreholes to obtain the static water level and to 

determine the slope of the water table and direction of ground-water 

movement. Periodic measurements should be made to gauge seasonal 

fluctuations in water-table elevations and flow directions. Temporal 

variations of the water levels should also be assessed on a daily or hourly 

basis as needed to determine the effect of pumping and recharge of the 

aquifer from precipitation. 

Clusters of wells screened at various depths and lengths may need to be 

installed to measure vertical variations in hydraulic pressure at the same 

location. The water level or pressure surface in each well must be measured 

to determine whether the formations are i so 1 a ted or whether there is flow 

from one unit to another. Aquifer performance tests or pumping tests may be 

performed where a well in a specific horizon is pumped and the discharge 

measured to keep the pumping rate constant. The ground-water elevations in 

surroundi~g wells are measured at periodic time intervals, from a few minutes 

apart at the beginning of the test to longer intervals, i.e., several hours, 

as the test progresses. These data are used to determine the effect of the 

ground-water withdrawal with respect to the distance from the pumping well. 

Analysis of these data is also useful in defining the uppermost aquifer, in 

detecting confining layers, and in determining the rate of flow or the 

transmissivity in the formation in which the pumping well screen is set. 

The information gathered during the site characterization study is the 

foundation of the entire ground-water monitoring program and is crucial to 

the proper placement of wells and to setting the depths of screens at 

detection and assessment monitoring wells. 

CHAPTER 2. Placement of Detection Monitoring Wells 

The location of the detection monitoring wells must be carefully se-

1 ected in order to detect the first trace of contaminant re 1 ease from a 

hazardous waste facility. Background wells for water quality testing should 

be near the facility on the upslope or upgradient side of the aquifer, but 

"'"'~' should not be influenced by potential leakage from the waste site. Samples 

from these wells will be used as a base datum to check downgradi ent we 11 

water quality for deviation from the earlier measurements and to record any 
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changes in the nonaffected part of the aquifer. The downgradient monitoring 

wells are placed close to the point of compliance (POC) of the facility. The 

POC is defined as a vertical plane in the uppermost aquifer where pollution 

waul d first appear if a 1 eak were to occur. This is where the protection 

standards are set. The number of wells along or near the POC line is 

influenced by the number of potentia 1 contaminant paths that are defined. 

We 11 screens must be set at depths where the contaminant is most 1 ike 1 y to 

concentrate and/or move most rapidly. 

The regulations in 40 CFR 265.90(a) and 265.91(a) state that background 

upgradient monitoring wells must be located so as to yield samples that are 

not affected by the facility. Addition a 11 y, these sections require that 

downgradient and other monitoring wells must be located and screened so as to 

ensure the immediate detection of any contaminants migrating from the site. 

Each facility must ensure that its detection monitoring system considers the 

following: 

0 Placement of upgradient wells outside the influence of the regu­
lated unit and in the hydrogeologic formation of concern 

o Placement of downgradient wells in likely vertical and horizontal 
pathways of contaminant direction 

o Proper placement of well screens with respect to ground-water zones 
to be monitored, to detect flowpaths and chemical constituent 
characteristics 

o Effect of local withdrawal wells and seasonal fluctuations in 
ground water 

Downgradient detection monitoring wells should be installed as close as 

physically possible to the edge of the regulated unit in order to immediately 

detect releases as required by the regulations. Geologic environments, such 

as karst or volcanic tubes, may have discrete channels that are likely to 

serve as conduits for contaminant migration. These must also be intersected 

by detection monitoring wells. 

Discrete zones of potentia 1 migration should be identified and moni­

tared. In this case well clusters are utilized (a group of wells in close 

proximity drilled and screened in each pertinent zone). Each monitoring well 

is screened in only one zone. Therefore, the relative hydraulic pressure 
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head in each formation can be recorded and vertical flow determined. 

Sampling from each discrete zone can be accomplished without mixing. In more 

uniform geologic settings where no preferred pathways are identified, a 

relativeiy regular well screen placement pattern may be used. Short well 

screens may be required to detect contaminant concentrated at a particular 

elevation. 

The well locations, screen depths, and lengths should monitor all of the 

potential contaminant transport zones at a facility. An example of a complex 

monitoring well placement, including screen lengths, is illustrated in 

Figure 2. 

A sufficient number of upgradient wells should be located and con­

structed utilizing the data developed during site characterization studies. 

These wells provide representative samples of ground water in the same por­

tion of the aquifer monitored by the downgradient wells. By having good 

samples of background water qua 1 i ty for comparison, any 1 eakage from the 

waste facility can be more easily detected in the downgradient monitoring 

wells. 

CHAPTER 3. Monitoring Well Design and Construction 

Performance standards in 40 CFR 265.90(a) and 265.91(a) state that 

background and downgradient monitoring wells must be constructed so as to 

yield samples that are representative of in situ conditions, and must be 

located so as to ensure the immediate detection of any contamination migrat­

ing from the facility. 

Monitoring well design, construction methods, and materials should 

minimize negative impacts on existing aquifer chemistry. Significant factors 

to consider during RCRA monitoring well design and installation include: 

o Compatibility of well construction materials with the natural 
in-place water quality and with the chemistry of the hazardous 
constituents 

o Aquifer contamination resulting from use of improper drilling 
fluids and development techniques during well installation 

o Poor design or improper placement of filter pack and annular seal­
ant 
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o Selection of drilling method to match the specific geologic con­

ditions and to obtain the best soil samples and well construction 

A variety of materials have been used for the construction of well 

casings and screens, including virgin fluorocarbon resins, stainless steel, 

cast iron, galvanized steel, polyvinyl chloride (PVC), polyethylene, epoxy 

biphenyl, and polypropylene. However, careful consideration should be given 

to site geochemistry, anticipated lifetime of the monitoring program, well 

depth, and chemica 1 parameters to be monitored prior to se 1 ect i ng we 11 cas­

ings and screens materials. 

Fluorocarbon resins or stainless steel should be specified for use in 

the saturated zone when volatile organics are to be determined. In cases 

where high corrosion potential existed or is anticipated, fluorocarbon resins 

are preferable to stainless steel. Long term structural integrity, i.e., 30 

or more years, may be essential to collection of unibiased ground-water 

samples. Construction materials should not bias the sample by reacting with 

the ground water. A typical monitoring well cross-section is shown in 

Figure 3. 

CHAPTER 4. Sampling and Analysis 

Requirements in 40 CFR 265.90, 265.92, 265.93, and 270.14 out 1 i ne the 

procedures and techniques for a written ground-water monitoring plan. 

Critical elements of the water-quality sampling and analysis include 

procedL ·es for sample collection, sample preservation and handling, chain­

of-custoay contra 1, ana 1 yti ca 1 procedures, and fie 1 d and laboratory Qua 1 ity 

Assurance/Quality Control (QA/QC). During implementation of this plan, 

procedures identified for withdrawing ground-water samples must be strictly 

and consistently employed. It is also imperative that sample handling proce­

dures be accurately documented and that analytical methods be subject to 

adequate QA/QC controls. Finally, all data must be recorded in a logical and 

usable format by responsible personnel. It shall be signed, dated, and time 

referenced. 

The planning of a water-quality sampling and analysis program is essen­

tial to ensure that ground-water samples are properly collected, are 
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representative of aquifer conditions, and are correctly analyzed; and yield 

results that are totally defensible. Important issues associated with sample 

collection and analysis are: 

o Use of correct techniques for preparing the well for sampling, 

collecting a representative sample, handling and preserving the 

sample, and protecting and tracking the sample from the field to 

the laboratory 

o Use of correct methods for performing chemical analysis specified 

in SW-846 

o Use of appropriate QA/QC procedures during field and laboratory 

operations 

CHAPTER 5. Statistical Analysis of Detection Monitoring Data 

Statistical analysis of the results of ground-water quality monitoring 

is essential to determining whether a waste facility had an effect on the 

'~,~<quality of the surrounding ground-water system. 

The determination of whether or not ground water is affected is based on 

the results of a statistical test, which is required to determine if the 

water auality constituents from the sampling wells follow a normal distribu­

tion relative to the background conditions of the aquifer, or if the water 

quality has been influenced by drilling operations or sampling techniques. 

The statistical test indicates whether a sample deviates significantly from 

background conditions and thus reflects possible contamination due to 

leaching from a hazardous waste facility. The TEGD provides detailed 

info-rmation on statistical procedures. 

The proper use of statistical tests will reduce or eliminate both false 

negative and false positive readings. False negatives are a failure to 

indicate statistically significant contamination when a release has actually 

occurred. On the other hand, there may be a false positive, indicating 

contamination when none has occurred. It is therefore essential that the 

owner/operator and the state or EPA staff carefully conduct and evaluate 

these pertinent statistical tests. 

Unfavorable situations that may be encountered are (1) wells producing 

consistently turbid samples; and (2) little or no recorded documentation on 
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well design, screen depth and length, or construction techniques. If these 

two issues cannot be technically rectified to the satisfaction of the 

permitting authority, the well will be considered deficient and may require 

replacement. 

CHAPTER 6. Assessment Monitoring Programs 

Assessment monitoring is initiated when a significant change in water 

quality has been detected at a hazardous waste facility and contamination is 

suspected. The assessment monitoring program is directed at characterizing 

the rate and extent of contaminant migration. Assessment monitoring under 

Section 265 entails a determination of both the vertical and horizontal 

concentration profiles of all hazardous waste constituents in the plume(s) 

that escape from the hazardous waste management areas. The assessment 

monitoring program requires development of a sampling and analysis plan, 

which should be built upon the existing detection monitoring system. 

If a water samp 1 e taken during the detection phase of a ground-water 

monitoring program suggests that there has been a significant increase in an 

indicator parameter in a downgradient well, the well must be resampled as 

soon as possible. If the statistical analysis of the resample again suggests 

an increase in the i ndi cater parameter, the assessment monitoring program 

must be implemented. However, because detection monitoring parameters may be 

nonspecific, a statistically significant change in one indicator parameter 

may not necessari 1 y represent a migration of hazardous waste constituents 

into the ground water. One of the principal goals of the assessment program 

is to determine whether hazardous waste constituents have indeed migrated 

into the ground water and that the apparent detection is not just a 

deficiency in the sampling techniques. 

The assessment monitoring program should also be designed to acquire 

sufficient site information to support future decisions regarding the need 

for corrective action. Both direct and indirect investigatory techniques 

should be used to collect any such information. Direct sampling of existing 

detection monitoring wells should be used to provide much of the necessary 

data. Assessment monitoring will probably require the expeditious 

installation of additional well clusters in and around the plume to define 
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~he horizontal and vertical extent of the contamination, the rate of 

migrations, and the chemical composition. Indirect methods may be used to 

delineate the general areal extent of the plume and help locate new wells. 

Adequately substantiated mathematical models, utilizing input parameters 

derived from measurements collected at the site, may also be used to guide 

the assessment monitoring program. 

Section 265 assessment requires monitoring for hazardous wastes or 

"hazardous waste constituents." These include any 40 CFR 261 Appendix VI I 

constituents, any commercial substance listed in 40 CFR 261.33, or any sub­

stance listed in 40 CFR Section 261.14, or any EP Toxic substance found in a 

facility 1 s wastes. Section 170, on the other hand, requires sampling for 

"hazardous constituents," which encompasses the full complement of Appendix 

VIII constituents (Appendix VII is a subset of Appendix VIII). 

CHAPTER 7. Conclusions 

The TEGD is a guidance document that reflects current EPA thinking on 

~,,,,.,.:he design and operation of ground-water monitoring systems. This summary 

should not be interpreted as a complete discussion of Agency ground-water 

monitoring guidance. If readers wish to become completely familiar with 

EPA 1 s current thinking, they should consult the TEGD and the publications 

mentioned in its reference list. The appendices to the TEGD present material 

on evaluation worksheets, statistical tests, and indirect test methods. The 

reader is also referred to the RCRA Ground-Water Monitoring Compliance Order 

Guidance (COG) Manuals for guidance in developing administrative orders to 

address RCRA ground-water monitoring violations at interim status land dis­

posal facilities. A key reference is the Code of Regulations, Protection of 

Environment, 40, parts 190 to 399, revised July 1, 1986. 
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CHAPTER ONE 

CHARAC!ERIZA!!ON OF SITE HYDROGEOLOGY 

The adequacy of an owner/operator's ground-water monitoring program 

hinges. in large part. on the quality and quantity of the hydrogeologic 

data the owner/operator used in designing the program. Technical 

reviewers and permit/closure plan reviewers (hereafter permit writers}. 

therefore. should evaluate the adequacy of an owner/operator's 

hydrogeologic assessment as a first step towards ascertaining the overall 

adequacy of the detection and/or assessment monitoring network. Clearly. 

if the design of the well system is based upon poor data. the system 

cannot fulfill its intended purpose. Because of the complexity of 

ground-water monitoring systems. owner/operators should discuss the 

intended approach initially with the State or EP~. 

In performing this evaluation. technical reviewers should ask 

themselves two questions. 

• Has the owner/operator collected enough information to: 
(l) identify and characterize the uppermost aquifer and 
potential contaminant pathways, and (2) support the place­
ment of wells capable of determining the impact of the 
facility on the uppermost aquifer? 

• Did the owner/operator use appropriate techniques to collect 
and interpret the information used to support the placement 
of wells? 

The answer to each question will, of course, depend on site-specific 

factors. For example. sites with more heterogeneous subsurfaces require 

more hydrogeologic information to determine placement of wells that will 

intercept contaminant migration. Likewise, investigatory techniques that 

may be appropriate in one setting, given certain waste characteristics 

and geologic features, may be inappropriate in another. 

This chapter is designed to help technical reviewers answer the 

above questions. It identifies various investigatory tasks that enable 
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an owner/operator to characterize a site, and explores the fac~ors that 

technical reviewers should consider when evaluating whether the 

part1cular investigate~ program an owner/operator used was appropriate 

in a given case. Technical reviewers should also find this chapter 

useful when constructing compliance orders that include hydrogeologic 

investigations. 

1.1 Investigate~' !asks for Hvdrogeoloaic Assessments 

An owner/operator should accomplish two tasks in conducting a 

hydrogeologic investigate~ program: 

l. Oefine the geology beneath the site area; and 

2. Identify ground-water flow paths and rates. 

A variety of investigatory techniques are available to achieve these 

goals, and technical reviewers must evaluate the success of the 

combination of techniques used by the owner/operator, given the site­

specific factors at the facility. 

There are certain investigatory techniques that all owner/operators, 

at a minimum. should have used to characterize their sites. !able l-l 

illustrates a number of techniques that an owner/operator may use to 

perform hydrogeologic investigations. !hose techniques that the 

owner/operator, at a minimum, should have used to define the geology or 

identify ground-water flow paths are identified with check marks. 

!able l-l also presents preferred methods for presentation of the 

data generated from a hydrogeologic assessment. An owner/operator who 

has performed the level of site characterization necessary to design a 

RCRA ground-water monitoring program will be able to supply any of the 

outputs (cross sections, maps. etc.) listed in the last column of 

!able 1-l. 

!he owner/operator should have reviewed the available literature on 

the h7drogeology of the site area ~rior to conducting the site-specific 

-2-
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I NVL S Tl GA TORY 
TASKS 

lld in i 1 ion of Subsurface 
~Ia 1 t•ri a Is [geology) 

TABLE 1-1 

HYDROGEOLOGIC lrVESTIGATORY TECHNIQUES 

INVESTIGATORY 
HCHNIQLJES 

J Survey of existing geologic 
Information 

J Sol I borings 

• Rod. cor I ngs 

J Material tests (grain size 
analyses, standard penetration 
tests. etc.) 

• Geophysical well logs (point 
and lateral resistivity and/or 
electromagnetic conductance, 
gamma ray, gamma density, 
calipher, etc.) 

• Surface geophysical surveys 
(O.C. resistivity, E.H .• seismic) 

• Hydraulic conductivity measure­
ments of cores (unsaturated 
zone) 

• Aerial photography (fracture 
trace analysis) 

• Uetailed lithologidstructural 
mapping of outcrops and tren[hes 

(Continued) 

DATA PRESENTATION FORMATS/ 
ASSESSMENT OtiTPlJTS 

---------------

J Narrative description of geology 

J Geologic cross sections 

J Geologic or soil map (I"= 200') 

J Boring logs or coring logs 

• Strulture contour maps ot aquifer 
and confining layer <plan view) 

• Raw data and interpretive analysis 
of geophysical studies 

J Raw data and interpretive analysis 
of material tests 
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I NV£ S Tl GA TORY 
TASKS 

f,lenlit"ic.:atlon of Ground­
Hot,•.- I low Paths (hydrology] 

(~lltund-wa t~r f I ow 
tlirecttons <Including 
vertical and horizontal 
t omponents of flow) 

ltydraul ic conductlvt ties 

TABLE 1-1 (Continued) 

HYOROGEOLOGIC,INVESTIGATORY TECHNIQUES 

INVESTIGATORY 
TECHNIQUES 

J Installation of pl~zom~t~rs; 
water level measurements at 
different depths and locations 

J Slug tests and/or pump tests 

• Tracer studies 

• Estimates based on 
steve analys~s 

----------~~~~ -~~-~--~ 
~~--

OATA PRESENTATION FORMATS/ 
ASSESSMENT OUTPUTS 

-------- --- ·-- -----

J Narrative description of ground 
water with flow patterns 

J Hater table or potentiometrit 
maps <plan view) with tlow liues 
(I" "' 200 I ) 

J Hydrologic cross sections 

• Raw data and interpretive andlysis 
of slug tests, pump tests, and 
tracer studies 

J Hinimum techniques and corresponding outputs that should be used to define site hydrogeological contlitious. 
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OVERVIEW 

!his publication. entitled the RCRA Ground-Water Monitorina Techni­

cal Enforcement Guidance Docume~t (!EGO), describes in detail what the 

United States Environmental Protection Agency deems to be the essential 

components of a ground-water monitoring system that meets the goals of 

the Resource Conservation and Recovery Act. !his guidance is intended 

to be used by enforcement officials. permit writers. field inspectors 

and a~torneys at the federal and state levels to assist them in making 

informed decisions regarding the adequacy of existing or proposed 

ground-water moni~oring systems or modifications thereto. It is not a 

regulation and should not be used as such. !he TEGD is divided into six 

chapters which contain discussions on the following: 

• Characterization of site hydrogeology; 

• ~ocation and number 'of ground-water monitoring wells; 

• Design, construction and development of ground-water monitoring 
wells; 

• Content and implementation of the sampling and analysis plan; 

• Statistical analysis of ground-water monitoring data; and 

• !he content and implementation of the assessment plan. 

!he document is mainly directed towards interim status facilities. 

Much of the purely technical content, especially regarding site charac­

terization. well design and construction, and assessment of contamination 

of ground water, is germane to permitted facilities as well as non-RCRA 

programs. Clearly, the spectrum of hydrogeologic regimes is great, and 

no single document could provide detailed, step-by-step instructions for 

monitoring each one. !he writers of the ::~ concur and have developed a 

framework within which a dynamic decision-making process may be applied 

using a combination of national opinion and site-specific considerations. 

ii 



In Auqust 1985. the RCRA Ground-~ater ~onitor!na Comoliance Order 

Guide was published. It is the companion documen~ ~o the !EGO and 

contains guidance on the use anq formulation of compliance orders. It is 

the hope of U.S. EPA that these guidance documents will further the goal 

of the regulators and regulated community alike to protect human health 

and the environment. 

The U.S. EPA fully recognizes the dynamic nature of the RCRA program. 

The !EGO. as it is presented. documents current policy and direction for 

enforcement and compliance. The !EGO can be used by technical reviewers 

and the regulated community toward attaining the mandate of protection of 

human health and the env1ronment. 

iii 
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Influence of Casing Materials on Trace-Level 
Chemicals in Well Water 

by Louise V. Parker, Alan D. Hewitt, and Thomas F. Jenkins 

Abstract 
Four well casing materials- polyvinyl chloride (PVC), polytetrafluoroethylene (PTFE), and stainless steel 304 

(SS 304) and 316 (SS 316) -were examined to determine their suitability for monitoring inorganic and organic 
constituents m well water. 

The inorganic study used a factorial design to test the effect of concentration of mixed metals (arsenic [As), 
chromium [Cr), lead (Pb], and cadmium (Cd)). pH. and organic carbon. Sample times were 0.5. 4. 8, 24. and 72 
hours. Except for slow loss of Pb. PTFE well casings had no significant effect on the concentration of metals in 
solution. For the other casings, changes in analyte concentration often exceeded 10 percent in eight hours or less 
and. thus. could bias analyses of samples taken from wells constructed with these materials. Specifically. PVC casings 
sorbed Pb and leached Cd; SS 316 casings sorbed As and Pb and leached Cd: and SS 304 casings sorbed As. Cr. 
and Pb and leached Cd. Both stainless steel casing materials showed markedly poorer performance than the PVC cas­
ings. 

The well casings were also tested for sorptiontdesorption of 10 organic substances from the following classes: 
chlorinated alkenes. chlorinated aromatics. nitroaromatics and nitramines. Sample times were 0. 1. 8. 24. and 72 
hours. seven days, and six weeks. There were no detectable losses of analytes in any of the sample solutions containing 
stainless steel well casings. Significant loss of some analytes was observed in sample solutions containing plastic 
casings. although losses were always more rapid with the PTFE casings than with PVC. Chlorinated organic substances 
were lost most rapidly. For samples containing PTFE casings, losses of some of these compounds were rapid enough 
(>10 percent in eight hours) to be of concern for ground water monitoring. Losses of hydrophobic organic constituents 
in samples containing PTFE casings were correlated with the compound's octanol/water partition coefficient. 

Introduction 
The U.S. Environmental Protection Agency's 

(EPA's) RCRA Ground Water Monitoring Technical 
Enforcement Guidance Document (TEGD) (U.S. EPA 
1986a) states that only fluorocarbon resins or stainless 
steel (SS) casings should be used for monitoring volatile 
organics in the saturated zone. The original draft of this 
document (U.S. EPA 1985) suggested that Teflon-lil or 
stainless steel 304 be used for all ground water monitor­
ing at RCRA sites. The EPA was concerned that many 
of the casing materials used for ground water monitor­
ing could either affect the quality of the ground water 
or did not have the long-term structural characteristics 
required of RCRA monitoring wells. With respect to 
the EPA's first concern. a review of the literature pub­
lished prior to 1986 did not reveal substantial evidence 
to support the position taken by the EPA in either edi-
ion of this document (Parker et a!. 1989). 

Few studies have specifically addressed the possible 
interactions between well casing materials and metal 
species. There is considerable evidence. however, that 
sorption of metals by plastic and glass containers can 

be significant ( Eicholz eta!. 1965. Robertson 1968, Bat­
ley and Gardner 1977, and Masse et al. 1981). In one 
study of PVC well casings, there was negligible loss of 
chromium but large losses of lead from a deionized 
water solution (Miller 1982). Other studies with Pyrex 
glass and polyethylene also found that lead was the most 
rapidly lost analyte (Shendrikar et al. 1976). Barcelona 
and Helfrich ( 1986) compared the concentrations of 
several metal species in samples taken from adjacent 
PVC. PTFE. and SS wells. Thev found increased levels 
of iron in water samples from the non-purged SS well 
to be the only statistically significant difference. In a 
previous in situ study by Houghton and Berger (1984), 
a steel-cased well appeared to leach a number of metal 
species. including iron, cadmium. chromium, copper, 
manganese. molybdenum, selenium. and zinc, when 
compared with a PVC well and one constructed of acrv-
lonitrile-butadiene-styrene ( ABS ). · 

Sorption of organic solutes by well casing materials 
has been reported in several publications. Miller (1982) 
tested PVC well casing for sorption of trace levels (2-
14 ppb) of six halogenated organic compounds (bromo-
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In !!eneral. there was no change in arsenic concentration 
for thl! sample solutions containing either the PVC or 
PTFE casings during the 72-hour test period (Figure 1 ), 
and no consistent pattern of effects was evident from 
the ANOV A. The reason As did not interact with these 
casings may be because As exists in natural waters in 
the anionic form (Fowler et al. 1979). Masse et al. (1981) 
found that anions do not strongly associate with plastic 
(polyethylene and PTFE) surfaces. which are known for 
their cation exchange capacity. The samoles containing 
the stainless steel casings. on the other hand: showed a 
1 0 percent decrease in aqueous arsenic concentration 
relative to the controls after 24 hours (Figure 1 ). It 
appears that there was no further loss of this analyte 
after 24 hours. Although these results cannot be used 
to predict exactly what losses might occur under field 
conditions. it is doubtful that this loss was rapid enough 
to impact water quality measurements (losses were less 
than 10 percent after eight hours). 

The results for Cd are quite different. After only 
four hours. Cd concentrations in the samples containing 
PVC and stainless steel casings had increased by more 
than 10 percent (Figure 2 ). with the most leaching occur­
ring in the samples containing the SS 316 casings. Cad­
mium may have been added to the PVC as a UV stabi­
lizer (Wilson eta!. 1982), and may have been added to 
the stainless steel to enhance resistance to chloride 
cracking (Sedricks 1979). The concentration of Cd in 
the samples containing PVC casings leveled off after 
eight hours. ANOVA revealed that pH had a signific:~t 
effect (at the 95 percent confidence level) for this cas::-:.;. 
Although the same amount of Cd leached in all .ne 
samples (approximately 0.5 mg/L), concentration was 
also significant (at the 95 percent confidence level). but 
only because relatively more was leached in the low­
concentration samples. Concentrations in samples con­
'aining SS 304 casings decreased after eight hours and 
.fter 72 hours had returned to the same levels that were 

found in the control samples. Again, more Cd leached 
in the low pH samples. Cd was leached most rapidly in 
samples containing SS 316 casings. There was a large 
discrepancy between duplicate treatments for the sam-
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pies that contained stainless steel casings. With the 
exception of the tirst set of samples ( t = 0.5 hr ), the 
relative standard deviations ranged from 12 to 15 per­
cent for samples containing SS 304 and from 47 to 
68 percent for those containing SS 316. In contrast, the 
standard deviations for samples containing PVC and 
PTFE casings were consistently below 6 percent. 
Because the variance in the samples containing SS 316 
was so large, there was no consistent detectable effect 
of pH for these casings. However. surface oxidation 
appeared to be the major source of this variance. With 
respect to the leaching of metal stabilizers from PVC 
pipes. the literature indicates that loss can be a surface 
phenomenon that can be reduced or eliminated by either 
washing (with detergent) or soaking in dilute mineral 
acid before use (Packham 1971). It may be that the loss 
of Cd from PVC casings can also be reduced by a similar 
treatment, although we did not test this possibility. 

There was no measurable sorption of chromium by 
the PTFE. PVC. and SS 304 casings (Figure 3). Absence 



of interaction with the plastic casings may be due to 
chromium speciation. In solution, chromium exists pre­
dominantly as dichromate and chromate ( Cr2(h:. CrO/) 
and. as mentioned previouslY. anions are not as likelv 
to exchange with plastic surfa~es. However, loss of chra"­
mium was rapid enough (13 percent after eight hours) 
for SS 316 casing material to be of concern for ground 
water monitoring. Losses were greater at the higher pH: 
Cr speciation is known to be affected by pH and may 
be responsible for some of these differences. Surface 
oxidation was greater at the lower pH. which likely 
contributed to the larger variability. Also. for those sarn"­
ples where a hydrous iron oxide precipitate was formed. 
co-precipitation may have contributed to the losses from 
solution. Again. the standard deviations were consider­
ably greater for the samples containing the stainless 
steel casings. Humic acids apparently increased the sta­
bility of aqueous Cr. perhaps by acting as a complexing 
agent (Stumm and Morgan 1970s). 

Lead was by far the most actively sorbed metal spe­
cies. While all sample solutions containing casing mate­
rials showed some loss of Pb with time (Figure 4 ): PTFE 
was the least active surface and SS 304 was the most 
active. The losses for samples containing PTFE casings 
do not appear to be of concern with re;pect to grou;d 
water monitoring; losses were only 5 percent after 
24 hours. However. losses for samples containine: PVC 
and stainless casings are of concern: losses were lO per­
cent after only four hours in the samples containing 
PVC casings and 20 percent in those containing stainles~ 
casings. Although loss was initially rapid i; samples 
containing SS 316 casings. it leveled off after eie:ht hours. 
The standard deviation was higher for the sa~ples con­
taining SS 316 casings than for the other casmgs. For 
both stainless steel casings. there was less sorption of 
Pb at the lower pH where hydrogen ions mav have 
competed for sorption sites. Added-humic mate~ial ap­
parently acted as a complexing agent in solution. making 
lead less prone to sorption. Concentration had no consis: 
tent effect. 

Undoubtedly, there were shifts in the chemical equi­
. ;bria of the well water solutions from the time the well 
water was collected until the end of the experiment. 
Ground water that is removed from an anoxic environ­
ment and exposed to oxvgen-rich air may undergo redox 
and precipitation reacti~ns (Stumm and .Morga; 1970b ). 
Also, lowering the pH shifts the carbonate equilibrium 
in solution from predominantly bicarbonate species 
toward carbon dioxide (Manahan 1972) and causes shifts 
in Cr speciation. Clearly. such changes would alter the 
trace metal species distribution. These possible changes 
were not monitored in this experiment. -

For further details on this portion of the studv. refer 
to Hewitt ( 1989). · 

Organic Study 
Experimental 

The four well casing materials were also tested for 
sorption/desorption of low levels of 10 organic sub­
stances. The substances tested were hexahydro-1.3.5-
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Figure 4. Trends in mean lead concentration for four weU cas­
ing materials. 

trinitro-1.3.5-triazine (RDX), 1 ,3,5-trinitrobenzene 
(TNB), cis- and trans-1,2-dichloroethylene (CDCE and 
TDCE). m-nitrotoluene (MNT), trichloroethvlene 
(TCE), chlorobenzene (CLB), and o-. p- an·d m­
dichlorobenzene (ODCB, PDCB, MDCB). The criteria 
used for selecting these analytes included being an EPA 
priority pollutant. molecular structure. solubility in 
water. Kow value. and retention time (using reversed­
phase high performance liquid chromatography [HPLC] 
analysis). HPLC analvsis of the ground water used in 
these studies revealed no detect;ble levels of anv of 
these substances. · 

For these experiments. casings were cut into 11- to 
14mm-long sections. which were then cut into quarters. 
Again. the length was varied so that the surface area 
could be maintained constant. The casings were washed 
in solutions oi detergent and deionized water. rinsed 
many times \\ith deionized water. drained and left to 
air dry. Two pieces of each type of casing were placed 
in 40mL glass vials that were filled with the aqueous 
test solution so there was no head space. and capped 
with Teflon-lined plastic caps. Vials with test solution 
but no well casing material served as controls. These 
controls allowed us to eliminate any effects such as those 
that might be due to the vials or caps. The ratio of casing 
surface area to solution volume was 0.79 cm2/mL. The 
ratio of solution volume to volume of casing material 
was approximately 10:1. 

In the fi~t experiment, the test solution was pre­
pared by. adding known amounts of each of the organic 
solutes directly to 2.2 L of well water in a glass-stoppered 
bottle. which was stirred overnight. The final concentra­
tion was approximately 2 mg/L for each organic constitu­
ent: The solution also contained 40 mg/L of HgC12, 

which was added to prevent biodegradation of the 
~rganics. Separate vials were prepared for each sample 
time so that the test solution could be discarded after 
sampling; there were three replicate samples for each 
material and time. Contact times were 0 hours one 
hour. eight hours, 24 hours, 72 hours (three days}, 168 
hours (seven days), and approximately 1000 hours (six 
weeks). 

After an aliquot was removed for ~alysis from each 



form. trichlorofluoromethane, trichloroethylene. 1.1.1-
trichloroethane, 1.1,2-trichloroethane. and tetrachloro­
ethylene) in aqueous solution and found slow losses of 
tetrachloroethylene (25-50 percent in six weeks). 

Reynolds and Gillham (1986) tested both PVC and 
~PTFE materials for sorption of trace levels (ppb) of five 
halogenated organics. They found rapid sorption of 
tetrachloroethylene by PTFE, slow sorption of 1.1.1-
trichloroethane, 1,1,2.2-tetrachloroethane and hexa­
chloroethane. and no sorption of bromoform. They also 
found slow sorption of all the analytes except trichloroe­
thane by PVC. While 50 percent of the tetrachloroe­
thylene was sorbed by the PVC in five weeks. the same 
amount was sorbed by PTFE in only eight hours. They 
attributed loss of these organics to absorption and devel­
oped a model where uptake of the compound proceeds 
by sorption/dissolution into the polymer surface. fol­
lowed by diffusion into the polymer matrix. However. 
Reynolds and Gilham (1986) could not predict which 
organic chemicals were most susceptible to absorption. 

Sykes et a!. (1986) compared sorption of several 
organics by PVC, SS. and PTFE well casings. The casing 
materials were equilibrated for seven days (5 C) in ana­
lyte solution. placed in fresh analyte solution. and then 
tested for losses due to sorption after one and 24 hours. 
After 24 hours they did not find any significant losses 
for any of the casing materials. 

While these studies indicate that sorption of some 
organics may be a significant problem for plastic casings 

ver the lone: term. onlv the studv bv Miller {1982) 
~xamined des-orption during the first tw~ weeks. In that 

studv. he observed some desorption (25 percent) of the 
tetr~chloroethylene that had been previously sorbed by 
the PVC casings. 

Casing materials may also leach a variety of organic 
substances. In two studies (Miller 1982. Parker and Jenk­
ins 1986). analytical interferences in leachates from PVC 
well casings were sought but none were found. Curran 
and Tomson (1983) also examined the leachates from 
five plastics. including PVC and PTFE. They found that 
PTFE leached the fewest contaminants and that non­
glued PVC was a close second. While it is possible that 
organic substances such as lubricants used during manu­
facture or inks from printing could leach from stainless 
or plastic casings, no information currently available in 
the literature confirms this. 

It is interesting to note that despite the literature 
that is available regarding sorption of orgamcs by PTFE. 
articles have recently been published that claim it is 
superior for sampling organic substances (e.g., Bryden 
and Smith 1989). 

The purpose of the studies conducted by the authors 
was to determine the suitability of four well casing mate­
rials (PVC, PTFE. SS304. and SS316) for monitoring 
· organic and organic solutes in ground water. To do 
.is, two separate studies were conducted. one for inor­

ganics and one for organics. 

General Comments on the Inorganic and 
Organic Studies 

Two-inch (inner) diameter well casings manufac­
tured specifically for ground water monitoring were 
used in all studies. These casings were purchased speci­
fically for the studies and were stored in a cool, dry 
roo~ prior to use. Precautions were taken while the 
casings were being cut to prevent contamination from 
grease. dirt. oil. solvents. and excessive handling. The 
ground water used in the studies was obtamed from a 
domestic well ( 249 feet (76m] deep) in Weathersfield. 
Vermont. No attempt was made to maintain the native 
dissolved oxygen level. As a general guideline for eval­
uating our results. we considered any change in concen­
tration (relative to the control samples) of 10 percent 
in an eight-hour period to be the maximum change toler­
able. 

Inorganic Study 
Experimental 

Mixed metal solutions were prepared by spiking 
ground water with arsenic (As), cadmium t Cd), chro­
~ium ( Cr) and lead (Pb) at two concentrations: 50 and 
100 ~giL ( ppb) for As. Cr. and Pb. and 10 and 2 ~giL 
for Cd. The hieher concentrations are the current maxi­
mum concent;ation limits set by the EPA for drinkine 
Nater (U.S. EPA 1986b ). Prior to treatment. the:;: ·.)unJ 
water used in this study was analyzed and founll to 
contain no detectable amounts of any of these metals 
at the sensitivity levels used for analysis. To simulate a 
wider range of ground water conditions. the tests were 
run at the natural pH (7.8) of the \veil water plus a 
lower pH (5.8) and at two levels of organic carbon. HCl 
(reagent grade) was added to lower the pH and 5 mg/L 
(ppm) of humic acid was added to raise the organic 
carbon content. A complete (2') factorial experiment 
was used to test the effect of these treatments ( concen­
tration of metals. pH and organic carbon content) 
(Table 1 ). 

Because the wall thicknesses varied between the 
plastic and the two stainless steel casings. the casings 

TABLE 1 
Matrix Design for Inorganic Study 

Test Metal Organic Carbon 
Condition Concentrations1 pH Added.z 

high 7.8 no 

2 high 7.8 yes 

.) high 5.8 no 

4 high 5.8 yes 

5 low 7.8 no 

6 low 7.8 yes 

low 5.8 no 

8 low 5.8 yes 

1 High metal concentrations were 50 ILg/L As. Cr. Pb. and 10 jj.g/L Cd. 
Low metal concentrations were 10 jj.g/L As. Cr. Pb. and 2 ~Aog/L Cd. 

~ 5 mgtL humic acid was added as a source of or!!anic carbon. 



were cut to different lengths so that the surface area of 
each was constant (80 em~). Cut sections were rinsed 
with deionized water and air-dried before use. Individ­
ual well casings were then placed in 125mL polypro­
pylene jars containing lOOmL of test solution:.the ratio 
of casing surface area to aqueous volume was 0.82 cm2

/ 

mL. Similar jars that contained the test solutions without 
any casings were used for control samples. The sample 
vessels were covered. stored at 24 C and kept from 
natural light. Duplicates were run for each combination 
of variables and each casing material. 

Sample aliquots (2.5mL) were taken from each con­
tainer after 0.5. 4. 8. 24. and 72 hours. The aliquots were 
placed in clean 7.5mL polyethylene vials and acidified 
to a pH of less than 1 with nitric acid to prevent sorption 
by the containers. Metal concentrations were obtained 
by graphite furnace atomic absorption spectroscopy 
(Perkin-Elmer. model 703 atomic absorption spectro­
photometer coupled with a PE model 2200 heated 
graphite atomizer). The concentrations of metals given 
in this studv were measured as total. 

The metal concentrations were normalized by divid­
ing the values obtained for sample solutions that con­
tained well casings by the values found for equivalent 

controls. This allowed the results for both concentra­
tions to be analyzed by a single analysis of variance 
(ANOVA). Thus. it was possible to simultaneously test 
for the effect of solute concentration, pH and organic 
carbon at each sample time for each casing material. If 
a casing exerted no influence on analyte concentration. 
the expected value would be 1.00. An increase in the 
ratio indicates that the well casing released metal into 
the solution. while a decrease in the ratio indicates that 
metal was sorbed by the casing. 

Results and Discussions 
Approximately half of the stainless steel casings 

showed signs of surface rust. In some cases (SS 316 at 
a low pH), sufficient oxidation occurred to form a 
hydrous iron oxide precipitate. This precipitate was 
never observed in the control samples or those with 
PVC or PTFE casings. While the authors realize that 
rusting of the stainless casings is very condition-specific. 
the test conditions should be generally representative 
of shallow wells. Also, it was noticed that the casings 
had rusted some during storage prior to any testing. 

Table 2 gives the normalized mean values and stan­
dard deviations for each analyte, well casing and time. 

TABLE 2 
Normalized Mean Metal Values1 for Samples as a Function of Tune 

Al'!ienic Cadmium 
lime Mean 
(hr) Pipe Value 

0.5 PVC 0.991 :!: 

PTFE 0.999:!: 

SS304 0.997:!: 

SS316 0.994:!: 

4.0 PVC 1.02 :!:: 

PTFE 0.993:!: 

SS304 0.978:!: 

SS316 0.945 :!:: 

8.0 PVC 1.00 :!: 

PTFE 1.01 :!:: 

SS304 0.962:!: 

SS316 0.945:!:: 

24.0 PVC 0.994:!: 

PTFE 0.992:!: 

SS304 0.894:!:: 

SS316 0.853:: 

72.0 PVC 1.03 :: 
PTFE 1.02 :: 

SS304 0.891 :!: 

SS316 0.874:!: 

1 (Concentration ior samples with casing) 

(Concentration for control samples) 

Standard :\tean Standard 
Deviation VaJue Deviation 

0.038 I.01 = 0.025 

0.050 1.01 = 0.011 

0.057 1.06 :!: 0.036 

0.040 1.04 :!:: 0.021 

0.045 1.13 :!:: 0.037 

0.052 1.03 = 0.054 

0.063 1.17:: 0.15 

0.060 I.::~ :: 0.49 

0.045 1.15:: 0.037 

0.098 1.03 :!:: 0.016 

0.057 1.16 :!:: 0.14 

0.068 1.30 :!: 0.47 

0.064 1.16:!:: 0.056 

0.054 1.03 :!:: 0.017 

0.051 1.12:!: 0.12 

0.080 1.36:: 0.68 

0.046 1.14:!: 0.049 

0.045 1.02 = 0.022 

0.084 1.03:: 0.14 

0.083 I .2.5 :!:: 0.66 

= Normalized mean value 

Chromium 
Mean Standard Meaa 
VaJue Deviation Value 

1.01 :!: O.D18 0.999:!: 

1.01 :!: 0.007 1.00 :!:: 

1.01 :: 0.016 1.02 ~ 

-

1.02 :: O.D15 1.01 --
0.999:!: 0.013 0.889:!: 

1.01 - O.D11 0.974:!: -

0.957:!:: 0.037 0.784:!:: 

0.921 :!:: 0.052 0.803:!: 

1.00 :!:: 0.014 0.893:!: 

0.989:!: 0.019 0.985:!: 

0.972:!: 0.16 0.699:!: 

0.872:: 0.10 0.804:!: 

1.00 :!:: 0.016 0.808:!: 

1.01 :!:: 0.024 0.951 :!:: 

1.03 :!:: 0.37 0.538:!: 

0.855:: 0.11 0.793:: 

1.01 :!:: O.D18 0.743:: 

1.00 :!:: 0.013 0.899:: 

1.03 :: 0.42 0.452:: 

0.836:!: 0.099 0.720:: 

These normalized values are the mean of all the treatments (i.e .. for both pHs. orgamc carbon content. and concentration). 

Lead 
Standard 
Deviation 

0.009 

0.026 

0.008 

0.025 

0.030 

0.019 

0.035 

0.077 

0.035 

0.032 

0.031 

0.10 

0.051 

0.040 

0.042 

0.19 

0.064 

0.034 

0.061 

0.17 ... -



cnts. Sorption and leaching of metal species was affected 
in some .cases by the ground water composition (pH 
and organic carbon content). Specifically. there was 
more le""aching of Cd and less sorption of Pb at the lower 
,H. Our results indicate that humic material may have 

"····"acted as a complexing agent, making lead and chromium 
less prone to sorption. If chemical interactions are used 
as the onlv criterion. PTFE is clearly the best candidate 
for monitoring metal species in ground water. PVC 
would be a good second choice because its performance 
was conside~ably better than either SS 304 or SS 316 cas­
ing. 

- In contrast. the organic studies clearly indicated that 
PTFE was the poore~t choice of the four well casing 
materials tested. PTFE casings sorbed all the chlorin­
ated compounds and one nitroaromatic compound. and 
losses of PDCB and MDCB were rapid enough to be 
of concern for ground water monitoring. PVC casings 
also sorbed some of the same compounds. but always 
at rates that were considerably slower than those 
observed for PTFE casings. The rates of these losses on 
PVC were slow enough that they did not appear to be 
of concern for ground water monitoring. There was no 
loss of any of the organic solutes in the presence of 
either type of SS casing. 

The desorption study showed that the loss of 
organics from aqueous solution is due to a sorption 
pr;cess that was reversible. or at least partially so. 
Desorption from contammated casings could potentially 
result in falsely high concentrations of analytes if the 
concentrations of the analytes in the ground water were 
to drop. 

The loss of hydrophobic organic constituents in the 
samples containing PTFE casings could be correlated 
with the substance ·s K,.,w values. However. this correla­
tion overestimates losses for hydrophilic organic sub­
stances. 

There are several effects that make extrapolating 
these test data to a real monitoring situation difficult: 

• Casings were tested and not well screens. The rate 
of son,tion could be substantially greater in the 
screen~d portions of the well because the surface area 
of the screened portion would be greater. 

• This experiment was conducted under static condi­
tions. The effect of sorption under real conditions 
would be mitigated to some degree. depending on 
the rate of exchange of water between the aquifer 
and well casing. 
Clearlv. choo;ing one casing material for samples 

that will be analvzed for both trace metals and organics 
involves compr~mise. However. based on the results of 
the tests that the authors have performed to date. PVC 
appears to be the best compromise choice of the four 
casing materials tested. 

Future studies will examine leaching of inorganic 
and organic solutes. the effect of low dissolved oxygen 
on interactions between the metals and well casings, 
and the suitability of other materials for ground water 
monitoring. 
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TABLE 4 
Results of Desorption Study 

Concentration in mg/L after three days equilibration 

Casing Material RDX TNB CDCE IDCE MNT TCE CLB ODCB PDCB MDCB 

Teflon ND ND 0.20 0.43 O.D75 0.47 0.28 0.38 0.30 0.35 

ND :--ID 0.21 OA5 0.076 0.48 0.28 0.35 0.34 0.36 

ND :--ID * 0.074 * * * * 

PVC ND :--ID 0.079 0.15 0.046 0.14 0.10 0.15 0.17 0.18 

ND :--ID 0.080 0.14 0.046 0.14 0.10 0.15 0.16 0.21 

ND ND 0.080 0.15 0.043 0.13 0.11 0.16 0.16 0.20 

• Results not presented because of additional toss of volatiles. probably resulting from a loose cap on this vial. 

NO = Not detected. 

water monitoring. For PVC. losses never reached 
10 percent in eight hours for any of the organics testea. 
and thus the authors believe that PVC is clearly superior 
to PTFE for wells where water samples will be analyzed 
for organic constituents. 

To determine if the loss of organic solutes was revers­
ible. the pieces of casing that had been exposed to test 
solution for 1000 hours were rinsed ana then exposed 
to fresh well water for three days. Measurable quantities 
of all the organics were recovered where signiiicant 
losses had been observed (Table 4 ). Thus. loss was due 
to sorption and was at least partially reversible. 

. \.!though this experiment did not give us information 
'"·on the kinetics of desorption. the amount of analyte 

desorbed after three days generally paralleled the 
amount sorbed. However. PDCB and MDCB were 
sorbed to the greatest extent while TCE and TDCE 
were desorbed to the greatest extent. Therefore. it may 
be that diffusion out of the polymer is more rapid for 
smaller molecules. 

In the second experiment NaCl was added to raise 
the chloride concentration above 1000 mgJL. High chlo­
ride concentrations are known to corrode 304 stainless 
steel. Specifically. tests were performed to determine if 
rusting would alter the sorptivity of the stainless steel 
surfaces. It is also possible that sorption on plastic mate­
rials would change with increasing ionic strength of the 
test solution. 

While addition of NaCl caused rapid rusting of both 
stainless steel casings ( <24 hr ). it did not cause sorption 
of any of the organic solutes by them. In addition. the 
increased ionic strength had no detectable effect on the 
rate of sorption by either plastic casing (for example. 
Figures 8 and 9). These two figures also demonstrate 
the excellent reproducibility of the results from these 
two experiments. 

1odeling the Sorption Process 
These organic studies clearly demonstrated that the 

loss of organic chemicals from solutions exposed to plas­
tic casing materials is via some reversible sorption pro­
cess. However. it was uncertain whether this loss was 
due to sorption on the surface or whether there was 
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ence and absence of saiL 

penetration into the polymer matrix. The rate of sorp­
tion was found to be slow, with no established equilib­
rium after hundreds of hours. One explanation for this 
slow rate was that penetration into the polymer was 
occurring, with the rate controlled by slow diffusion 
within the bulk polymer and/or the rate of penetration 
into the small pores on the polymer surface. If it is 
assumed that this is the case. the process can be 
kinetically modeled by treating the plastic casing as an 
immiscible liquid phase in contact with water and relat­
ing the degree of partitioning for individual analytes to 
their octanoUwater partition coefficients (K0 w)· While 
there are immiscible liquids other than octanol that are 
better structural models for PTFE or PVC, the most 
extensive collection of partition coefficients is available 
for octanol. 



If it is assumed that sorption is a reversible process, 

kl 
Aw~As . (1) 

kz 
and is first order in both directions, then the rate equa­
tion can be written as (Gould 1959): 

d[Aw] dt = -k! [Aw] + k2 [A,] (2) 

where [Awl is the concentration of solute A in aqueous 
solution, [A,] is the concentration of solute A in the 
plastic casing material. and k1 and k2 are the first-order 
rate constants for sorption and desorption, respectively. 

Integration of the rate equation results in a non­
linear relationship for Aw as a function of time t and 
two constants a and b (Equation 3), where a and b are 
defined in Equations 4 and 5: 

In (a[Aw] +b) _ __:____;___ = t (3) 

(4) 

(5) 

where Ao is the initial concentration of solute A in 
aqueous solution. 

Optimal values for a and b were obtained for each 
solute exposed to PTFE by application of the Gauss­
Newton method of non-linear curve fitting using the 
measured concentrations at 1. 8. 24. 72. 128. and 1000 
hours (Parker et al. 1989). Using determined values for 
a and b. the authors simultaneously solved Equations 
-+ and 5 for each solute to obtain estimates of k1 and 
k2• Because the process described is assumed to be 
reversible and first order. the ratio of the rate constants, 
k1/k2, is the equilibrium constant. Keq· 

When the eight values of Keq were plotted vs. Log 
Kow. six of the eight points appeared to fall on a straight 
line, while the points for MNT and ODCB did not (Fi­
gure 10). The poor fit for MNT and the lack of significant 
sorption for TNB and RDX can be explained by the 
tendency of nitro-containing organic molecules to form 
strong hydrogen bonds. which keeps them in solution. 
While octanol can be a donor in hydrogen bonding, 
PTFE cannot. Thus. if the authors predict partitioning 
into PTFE for these molecules based on their octanoU 
water coefficients, the amount of sorption for these 
types of compounds will be overestimated. 

The poor prediction for ODCB can be explained by 
the well-documented "ortho effect," which is a complex 
combination of electronic and steric interactions that 
often results in ortho di-substituted aromatic molecules 
behaving much differently than the meta- and para-iso­
mers. 

A similar model predicting the loss of analyte for 
PVC was not created because the percent sorbed was 
small when compared with the experimental error and 
this would produce an unacceptable degree of uncer­
tainty in the calculated rate constants. 

Therefore. it is concluded that for hydrophobic 
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Figure 10. Correlation between log K.. .. and Keq for solutes 
exposed to PTFE casings. 

organic molecules that are not subject to hydrogen 
bonding, the relationship presented in Figure 10 can be 
used to estimate the equilibrium partitioning of an ana­
lyte between the aqueous phase and PTFE. It is 
expected that losses in new wells would occur for some 
time until equilibrium with the water is achieved. 

While Keq will determine the equilibrium concentra­
tions of each analyte in the water and plastic phases, it 
is the magnitude of k1 that will determine how quickly 
various analytes are depleted. For small. planar mole­
cules like TCE. the k1 values are quite high compared 
to the other analytes. This may explain the rapid loss 
of tetrachloroethylene from solutions containing PTFE 
casings observed by Miller (1982) and Reynolds and 
Gillham (1986). 

Because the rate of sorption appears to be first order, 
the relative concentration (concentration at a given time 
relative to its initial concentration) is independent of 
initial concentration (Castellan 1964). Thus. the percent 
loss at a given exposure time is expected to be indepen­
dent of concentration, as was also predicted by the 
model of Reynolds and Gillham (1986). We did not 
confirm this. however, by conducting the test at several 
concentrations. 

For further details on the organic portion of this 
study, refer to Parker et al. (1989). 

Summary and Conclusions 
In summary, the inorganic study indicated that three 

of the metals (As. Cr and Pb) were sorbed by one or 
more of the casing materials. Specifically, Cr was sorbed 
by SS 316 casings, As was sorbed by both 304 and 316 
stainless steel casings, and Pb was sorbed by all four 
casings. On the other hand, Cd leached from the stain­
less steel and PVC casings, although subsequent sorp­
tion lowered concentrations in the samples containing 
stainless steel casings. While sorption of As was slow 
enough that it is probably not of concern for ground 
water monitoring, the changes in the Cr, Cd and Pb 
concentrations are of concern. Both SS 304 and 316 cas­
ings were subject to surface oxidation, presumably by 
galvanic action, which apparently provided active sites 
for sorption and release of major and minor constitu-



TABLE 3 
Nonnalized1 Average Concentrations of Organic AnaJytes for the Four Well Casings with TilDe 

Analyte Treatment 1 Hour 8 Hours 24 Hours 72 Hours 168 Hours 1000 Hours 

"~"""RDX PTFE 1.03 1.00 1.00 1.02 0.91 0.99 

PVC 1.01 1.00 0.98 1.00 1.02 1.00 

SS304 0.99 0.99 1.01 1.02 1.10 0.98 

SS316 1.01 0.99 1.01 1.02 1.11 1.00 

TNB PTFE 1.01 1.00 1.00 0.98 0.95 1.01 

PVC 1.01 1.00 0.98 1.02 1.01 1.02 

SS304 0.99 1.00 1.00 1.05 1.07 1.00 

SS316 1.02 0.99 1.01 1.07 1.06 1.02 

C12DCE :::'TFE 1.01 0.%* 0.96* 0.94 0.91 * 0.79* 

PVC 1.00 0.99 0.95* 0.96 0.95 0.90 

SS304 0.97 1.00 1.00 0.96 1.04 0.98 

SS316 0.95 0.99 1.00 1.01 0.98 0.99 

T12DCE P1FE 1.00 0.92* 0.88* 0.83 0.66 0.56* 

PVC 1.00 0.98 0.93* 1.06 0.83 0.83 

55304 0.95* 1.00 1.00 0.96 1.11 1.00 

SS316 1.00 0.99 1.00 1.12 1.03 1.00 

MNT P1FE 1.03 1.00 0.99 0.99 0.90 0.90* 

PVC 1.02 1.00 0.98 1.05 0.99 0.94 

SS304 1.00 1.00 1.01 1.00 1.08 1.07 

SS316 1.02 1.00 1.02 1.08 1.10 0.99 

... fCE P1FE 1.00 0.90* 0.85* 0.78* 0.64* 0.40* 

PVE 1.01 0.98 0.94* 0.99 0.94* 0.88* 

55304 0.96 1.00 1.01 0.96 1.04 0.99 

SS316 1.00 0.99 1.00 1.04 0.98 1.00 

CLB PTFE 1.01 0.93* 0.90* 0.85* 0.74* 0.51 * 

PVC 1.01 0.98 0.95* 0.98 0.94* 0.86* 

55304 0.98 1.00 1.00 0.97 1.05 0.99 

55316 0.99 0.99 1.01 1.04 0.98 0.99 

ODCB PTFE 1.01 0.91 * 0.88* 0.81 * 0.68* 0.43* 

PVC 1.02 0.97* 0.94* 0.98 0.93 0.86* 

55304 0.98 0.99 1.00 0.99 1.04 1.00 . 
55316 1.01 0.98* 1.01 1.03 0.98 1.00 

PDCB PTFE 0.92* 0.84* 0 - .. * .i / 0.64* 0.47* 0.26* 

PVC 0.95 0.95* 0.92* 0.97 0.88* 0.80* 

55304 0.91* 0.98 1.00 0.98 1.02 1.02 

55316 0.94 0.97* 1.00 1.04 0.97 1.02 

MDCB PTFE 1.00 0.84* 0.78* 0.66* 0.48* 0.26* 

PVC 1.02 0.95* 0.92* 0.97 0.88* 0.80* 

55304 0.99 0.96* 1.00 0.99 1.02 1.02 

55316 1.03 0.96* 1.00 1.04 0.96 1.01 

Values are determined by dividing the mean concentration of a given analyte at a given time and for a panicular well casing by the mean concentration 
(for the same analvte) of the control samples taken at the same nme. 

• Values significantly different from control values (a = 0.05) 



of the 1000-hour samples, the vials were emptied and 
the pieces of casing were rinsed with approximately 
40mL of fresh well water to remove any residual solution 
adhering to the surfaces. The casing pieces were then 
placed in new vials, and fresh unspiked well water was 
added. The vials were capped with new caps ancj allowed 
to equilibrate for three days. Aliquots were then taken 
from these samples and analyzed to determine if desorp­
tion had occurred. 

In the second experiment 2.0 giL of NaCI was also 
added to the test solution to determine the effect of 
increased ionic strength on the rates of sorption. Samp­
ling times were the same except that the last samples 
were taken after approximately 1200 hours (seven 
weeks). 

All analytical determinations were made by 
reversed-phase high performance liquid chromato­
graphy. A modular system was employed that consisted 
of a Spectra Physics SP 8810 isocratic pump, a Dynatech 
LC-241 autosampler with a 100-~L loop injector, a Spec­
tra-Physics SP8490 variable wavelength UV detector set 
at 210 nm, a Hewlett-Packard 3393A digital integrator. 
and a Linear model555 strip chart recorder. Separations 
were obtained on a25cmx4.6mm (5 ~m) LC-18column 
(Supelco) eluted with 1.5 mUrnin of 62/38 (v/v) metha­
nol-water. Baseline separation was achieved for ali 10 
analytes. Detector response was obtained from the 
digital integrator operating in the peak height mode. 
Analytical precision ranged from 0.4 to 3.98 percent. as 
determined by the pooled standard deviation of tripli­
cate initial measurements. 

For each analyte and sample time. a one-way analysis 
of variance (ANOVA) was performed to determine if 
the well casing material had a significant effect on ana­
lyte concentration. Where significant differences were 
found. Duncan's multiple range test was performed to 
determine which samples were significantly different 
from the controls. 

Before the two experiments described previously 
were performed. a preliminary leaching study was con­
ducted to determine if any substances that could inter­
fere with the analytical determinations leached from the 
casing materials. For this study, two pieces of each type 
of well casing were placed in each of two vials. The vials 
were filled with fresh well water so that there was no 
headspace. capped and allowed to sit for one week. An 
aliquot was taken from each vial and analyzed. No 
detectable peaks were observed in any of the samples. 

Results and Discussion 
The data for the first experiment are summarized 

in Table 3, where the normalized concentrations for 
solutions containing well casings are given as a function 
of time. Neither type of stainless steel casing affected 
the concentrations of any of the analytes in solution. 
However, significant loss of solute did occur in the solu­
tions that contained plastic casings. While the rate of 
loss differed dramatically from analyte to analyte. losses 
were always greater for PTFE than PVC. 

For RDX and TNB there was no loss of analyte 
from solutions containing either plastic casing. even 

after 1000 hours. There was some loss of MNT in the 
sample solutions that contained PTFE casings but the 
loss only became significant after 1000 hours (10 percent 
loss); there was no loss with the PVC casings. TDCE 
was lost much more readily in samples containing PTFE 
casings than was its isomer pair, CDCE (Figure 5). (The 
solid lines shown in this figure and Figures 6-9 were 
fitted manually.) Figure 6 shows the losses of TCE for 
the four well casings. Figure 7 shows the rate of loss of 
the three DCB isomers and CLB in the samples that 
contained PTFE casings. The order of loss was PDCB 
and MDCB > ODCB > CLB. While the rate of loss did 
not exceed 10 percent in eight hours for any of the 
previous solutes, it is noted that losses of PDCB and 
MDCB were 16 percent in eight hours and thus were 
rapid enough to be of .concern with respect to ground 
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investigation. Such a review provides a preliminary unders~anding of :he 

distribution of sedimen~s and rock. general surface water drainage. and 

ground-water flow that serves to guide the site-specific investigation. 

The owner/operator's site-specific investigatory program should have 

included direct (e.g., borings, piezometers, geochemical analysis of soil 

samples) methods of determining the site hydrogeology. Indirec~ methods 

(e.g., aerial photography. ground penetra~ing radar. resistivity). espe­

cially geophysical studies, may provide valuable sources of information 

that can be used to interpolate geologic data between points where 

measurements with direct methods were made. Information gathered by 

indirect methods alone, however, generally would not have provided the 

detailed info~tion necessa~J. !he owner/operator should have combined 

the use of direct and indirect techniques in the investigatory program to 

produce an efficient and complete charac~erization of the facility. 

including an identification of: 

• The geology below th~ owner/operator's hazardous waste facility; 

• The vertical and horizontal components of flow in the uppermost 
aquifer below the owner/operator's site; 

• The hydraulic conductivity(ies) of the uppermost aquifer: 

• The vertical extent of the uppermost aquifer; and 

• The pertinent physical/chemical properties of the confining 
unit/layer relative to hazardous wastes present. 

The following sections outline the basic steps an owner/operator should 

have followed to implement a site hydrogeologic study, and detail the 

methods that the owner/operator should have used to collect and present 

site hydrogeologic data. 

1.2 Characterization of Geology Beneath the Site 

In order to detail the geology beneath the site and therefore be 

able to identify potential pathways of con~amination. the owner/opera~or 
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should have collected direct info~ation identifying the lithology and 

structural characteristics of the subsurface. Indirect methods of 

geologic investigation such as geophysical studies may be used to augment 

the evidence gathered by direct field methods, but should not be used as 

a substitute for them. Surface geophysical studies, such as resistivity, 

electromagnetic conductivity, seismic reflection, and seismic refraction, 

and borehole methods like elect~omaqnetic conductivity, resistivity, and 

gamma ray may yield valuable info~tion on the depth to the confining 

unit, the types of unconsolidated material(s) present, the presence of 

fracture zones or structural discontinuities, and the depth to the 

potentiometric surface. Additionally, geophysical methods ma~ have their 

greatest utility in correlating the continuity of formations or strata 

between boreholes. The result is the efficient compilation of extensive 

site data w1thout drilling an excessive number of boreholes. Geophysical 

methods, however, should have been used primarily to supplement infor­

mation obtained from direct sources. In order to characterize the 

lithology, deposi~ional environment, and geologic characteristics of the 

area beneath the site, the owner/operator should have used direct means. 

The limitations of geophysical methods should also be recognized. ~or 

instance. electrical borehole logging cannot be perfo~ed when the hollow 

stem auqer drilling me~hod is used. 

l.Z.l Site Characterization Boring Program 

The technical reviewer should determine whether an owner/operator, 

throuqh the soil/rock boring program, gathered ~~e information necessary 

to characterize the geology beneath the site and consequently to identify 

potential contaminant migration pathways. Such a program should have 

entailed the following: 

• Initial boreholes should be installed at a density based on 
criteria described in Table l-2 and sufficient to provide initial 
information upon which to determine the scope of a more detailed 
evaluation of geology and potential pathways of contaminant 
migration. 

-6-



I 
~ 

I 

TABLE 1-2 

FACTORS INFLUENCING DENSITY Of INITIAL BOREHOLES 

FACTORS THAT HAY SUBSTANTIATE REDUCED DENSITY OF 
BOREHOLES 

• Simple geology (I.e .• horizontal. thick, 
homogeneous geologic strata that are con­
tinuous across site that are unfractured 
and are substantiated by regional geologic 
information) 

• Use of geophysical data to correlate well 
log data. Preferred methods: DC resistivity, 
seismic reflection or seismic refraction, 
geophysical well logging 

----------------------------------------------------------

FACTORS THAT HAY SUBSTANTIATE INCREASED DENSITY OF 
BOREHOLES 

• Fracture zones encountererl during drilling 

• Suspected pinchout zones (\.e., -dtsco11tinuous 
units across the site) 

• Geologic formations that are tilted or folded 

• Suspected zones of high permeability that woultl 
not be defined by drilling at large intervdls 

• Laterally transitional geologic units with 
irregular perme~btlity (e.g., sedimentary 
facies changes) 



• Initial bo~eholes should have been drilled into 
confining layer beneath the uppermost aquifer. 
the borehole extending in~o the confining layer 
plugged p~operly after ~· sample was taken. 

the =~=s: 
!he por:ion of 
should have been 

• Additional boreholes should be installed in numbers and locations 

sufficient to characterize the geology beneath the site. !he 
number and locations of additional boreholes should have been 
based on data from initial borings and indirect investiga~ion. 

• Collection of samples of eve~/ significant stratigraph~c contac~ 
and formation. especially the confining layer, should have been 
taken. Continuous cores should have been taken initially to 

ascertain the presence and distribution of small- and large-scale 

permeable layers. Once stratigraphic cont~ol was es~ablished, 

samples taken at reqular. e.g., five-foot intervals, could have 

been substituted for con~inuous cores. 

• Boreholes in which permanent wells were not construc:ed should 
have been sealed with material at least an order of magni:ude 

less permeable than the surrounding soil/sediment/rock ~n order 

to ~educe the number of potential contaminant pathways. 

• Samples should have been logged in the field by a qualified 
professional in geology. 

• Sufficient laboratory analysis should have been performed to 
provide information concerning petrologic variation. sor~ing (for 

unconsolidated sedimentary units). cementation (for consolidated 

sedimenta~J units), mois~ure content. and hydraulic conductivi~y 

of each significant geologic unit or soil zone above the 
confininq layer/unit. 

• Sufficient laboratory analysis should have been performed to 
describe the mineralogy <X~ray diffraction), degree of compac­
tion. moisture content, and other pertinent characteristics of 
any clays or other fine-grained sediments held to be the 
confining unit/layer. Coupled with the examination of clay 
mineralogy and structural characteristics should have been a 

preliminary analysis of the reactivity of the confining layer 
in the presence of the wastes present. 

At many sites a site characterization has already been done and 

monitoring wells installed. In evaluating the design of such systems. 

the technical reviewer should utilize. whe~e appropriate. data already 
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gathered by the owner/operator. Because of the quality of existing cata, 

it is possible that site charac~erization may be complete or ma7 onl7 

need to be supplemented by a few additional boreholes. piezometers. or 

monitorinq wells. Some facilities. including closed facilities. may need 

to undertake a site characterization from the first phase. 

The borehole program to elucidate site hydrogeology generally 

requires more than one iteration. A benefit to this technique is t~t 

data and observations derived f~om previous boreholes may be used to 

guide the placement of future ones. 

It is imperative that the o~er/operator research local hydrogeology 

before initiating a borehole program. Existing reports. maps. and 

research papers gathered from a variety of sources can be used to 

understand. in a broad sense. the hydrogeological regime in which the 

facility is located. Thus. such information as local stratigraphy, 

depositional environment. and tectonic history serves to provide an 

estimate of the distribution and types of geologic materials likely to be 

encountered. Similarly. knowledge of regional ground-water flow rate. 

depth. quality, and direction. local p~ing, evapotranspiration rates. 

and surface water hydrology represents an effective first approxima~ion 

of site-specific ground-water characteristics. The next phase should 

have been the progressive placement of boreholes based, at first. on 

research and. subsequently. on previous boreholes and data from research. 

The number of initial boreholes should have been sufficient to 

provide initial information upon which to determine the scope of a more 

detailed evaluation of geology and potential pathways of contaminant 

migration. An example of a simple case is illustrated in Figure l-l. 

the objective of the initial boreholes is to begin to reconcile the 

broad. conceptual model derived from research data with the true site­

specific hydrogeologic regime. In other words, the borehole program is 

necessary to establish the small-scale geology of the area beneath the 

facility and place i~ in the conte~~ of the geology of the region or 

locale. 

-~-
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!he distance between these initial boreholes should be varied based 

on site-specific criteria, yet should have been close enough so tha~ 

cross sections would have accurate-~ portrayed stratigraphy with minimal 

reliance on inference (see !able l-2). In this way, a suitably restricted 

configuration of a limited number of initial boreholes, in combination 

with indirect investigative techniques and research data, will se~e ~o 

guide efficiently the placement of additional boreholes where needed to 

characterize poten~ial pathways for contaminant migration. A parallel 

program using ~iezometers should also be undertaken. Lithologic data 

should ultimately correlate with hydraulic parameters (e.g., clean, well 

sorted. unconsolidated sands should exhibit high hydraulic conductivit7>· 

If they do not, further hydraulic testing should be done. 

Curing the completion of the borings, the owner/operator should 

check drill logs for: 

• Correlation of stratigraphic units between soil/rock borings; 

• Identification of zones of potentially high hydraulic 
conciuc:tivity; 

• Icientification of the confining formation/layer; 

• Inciication of unusual or unpredicted geologic features such as 
fault zones, fracture traces. facies changes. solution channels, 
buried stream cieposits. cross cutting structures, pinch out 
zones. etc.; and 

• Continuity of petrographic features such as sorting, _grain size 
distribution, cementation. etc., in significant formations. 

If the owner/operator is unable to define such structural anomalies, or 

zones of potentially high conductivity, or to correlate petrographic 

features and/or stratigraphy between any two adjacent boreholes, then 

adciitional intermediate boreholes should be drilled and ancillary 

investigative techniques employed to describe potential contaminant 

migration. 

On the other hand. if the necessary characterization is largely 

achieved at the initial ?lacement. fewer additional boreholes and lass 

additional indirect investigation would be necessary to describe pathways. 

-ll-



Figure l-2 illustrates how subsequent boreholes and indirec~ supple­

mentary techniques can be added to the initial borehole configuration to 

characterize potential pathways •for contaminant migration. In mos~ cases. 

additional boreholes will be necessary to complete the charac~eri:ation 

because the majority of hydrogeologic settings are com~lex. 

It is vitally important that the owner/operator consider the thick­

ness and potential reactivity of confining clays or other fine-g~ained 

sedimen~s in the presence of site-specific waste types. Marl. for 

instance, is chemically attacked by low pH wastes because of its high 

carbonate content. Smectites and, to a lesser extent, illitic clays are 

ineffective impediments to the migration of various organic chemicals 

(e.g., xylene). In contaminated areas, a chemically degraded confining 

layer may lead to hydraulic communication unanticipated by literature 

reviews of stratigraphy. An example is shown in Figure l-3. In prls~ine 

areas, the possible future chemical degradation of a confining layer 

should be_of concern during any assessment monitoring or correc~ive 

action necessary at the facility. 

All samples should have been logged in the field by a qualified 

professional in geology (see glossary). These samples should have been 

collected wi~ a shelby tube, split barrel sampler, or rock corer, and 

represent the significant formations and stratigraphic contacts. 

Continuous cores should have been taken initially to obtain stratigraphic 

control. Samples could have been taken at reqular intervals, depending 

on site-specific conditions once stratigraphic control was established. 

Drilling logs and field records should have been prepared detailing the 

following information: 

• Gross petrography (e.g •• soil classification or rock type) of 
each geologic unit, including the confining unit: 

• Gross structural interpretation of each geologic unit and 
structural features (e.g., fractures, fault gouge. solution 
channels. buried s~reams or valleys), bioturbation :ones. 
petrology, and discontinuities: 



OSWER-9950.1 

A' 

L!GEND 

0 INITIAL BOREHOLE 

• NEW BOREHOLE 

0 100" 20CT A INITIAL PIEZOMETER 

A NEW PIEZOMETER 

GEOPHYSICAL TRAVERSE - (SURFACE AND/OR BOREHOLE) 

A A' CROSS SECTION LJNE 

F1GURE 1·2 SUBSEQUENT ITERATlON OF BOREHOLE PROGRAM AT A 
SMALL SURFACE IMPOUNDMENT FROM F1GURE 1·1A. 

-13-



A 

300' 

TIME A 

•• 

271' 

nMEI 

I'IEZOMETER 

0 100 

0 100 

SANDY LIMISTONE 
,., K • 1.0 a lo-'501111-

2110 PIIT 

2110 PUT 

• S0M1 CLAYS SUCH AS MDNTMORILLDNITI AND IWTI 
ARI SUSCIPTIILI TO CHEMICAL ATTACK IY SOLVENT· 
lAUD UACHATI. 

~tEZOMETER 

CLUSTER 

~ '-· 

A I C 

. ·-

·-

LIGIND 

I : . 
.. x ..... . 

WILL AND SCREEN 

I'OTINnOMITRIC 
SUR PACE 

FIGURE 1·3 EXAMPl.E OF A CONTAMINANT THAT MAY AFFECT THE QUALITY 
OF A CONFINING LAYER 

-14-



OS~"'ER-9950 .l 

• Development of soil :ones and ver~~cal ext:nt and field 

description of soil type (prior to any necessary laborator: 

analysis); 
j 

• Depth of water-bearing unit(s} and vertical extent of each; 

• Depth and reason for termination of borehole; 

• Depth. location. and identification of any contamination 

encountered in borehole; and 

• Blow counts. colors. and grain-size distributions(s). 

Table l-3 identifies the minimum required information that should have 

been included in a drilling log. These items are marked with asterisks. 

In addition to field descriptions as described above. the owner/ 

operator should have provided. where necessary. a laboratory analysis of 

each significant geologic unit and soil zone. :hese analyses should 

contain the following information: 

• Mineralogy and mineralogic variation of the confining layer and 

ccnfininq units/layers. especially clays (e.g., microscopic 

analysis and other methods such as X-ray diffraction as 

necessary) ; 

• Petrology and petrologic variation of the confining layer and 

each unit above the confining unit/layer (e.g., petrographic 

analysis. other laboratory methods for unconsolidated materials 

as deemed necessary) to determine among other things: 

- degree of C~Jstallinity and cementation of matrix 

- degree of sortinq. size fraction. and textural variation 

- existence of small-scale structures that may affect fluid flow 

• Moisture content and moisture variation of each significant soil 

zone and geologic unit; and 

• Hydraulic conductivity and variation of each significant soil 

zone and type and geologic unit in the unsaturated zone. 

Some laboratory analysis methods available to investigate these 

laboratory parameters are shown in Table l-4. 
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rABI.E 1-3 
FIEI.O BORING I.OG INFORMATION 

General 

• P!"OJCCt na.11e 
•• Hole name/numaer 
•• Oate started and finished 
•• Geologtst's name 
•• Oriller• s name 
• Sheet numoer 

•• Hole locat1on: map ano 
elevat 10n 

Info~at1on colymnz 

•• Oepth 
•• Samole location/numoer 

"• R1g type 
blt s1ze/auger size 

"• Petrolog1c: 11tho1og,c 
class_ific:atlon scheme used 
(Wentworth, unified soil 
class1fic:at1on systeml 

• Blow counts and advance rate 

•• Percent samole recovery 
•• ~arrat1ve aesc:r1gtion 
•• Oeoth to saturation 

Narrat~ve Oes;r1 0t1on 

• Geolog1c Observat1ons: 

so1l/roc:k type 
•- color and statn 
•- gross petrology 
- fr1abt11 ty 

•- moisture content 
•- degree of 

weathering 
•- presence of 

carbonate 

• 0r1111ng Observat1ons: 

- loss of circulation 
- adVance rates 
- r1g chatter 
- water levels 
- amount of a1r 

used. a1r pressure 
- drtlling 

d1ff1culties 

• Other Remarks: 

- equ1pment fa11ures 

fractures 
·- solut1on cavit1es 
·- bedding 
•- discontinuities: 

e.g •• fo11at 1on 
- water-aear1ng zones 
- foMmatlonal strike 

and d1p 
- fossils 

changes 1n drilling 
method or equ1pment 

- read1ngs from 

detectlve equ1pment, 
if any 

•- amount of water 
y1eld or loss dur1ng 
dri 11 1ng at different 
deoths 

goss1ble contam1nation 
.jev1~t1ons from dr1ll1ng plan 
.. eatner 

deOOS1tlOnal 
structures 

•- organic: content 
•- odor 

- suspected 
contaminant 

amounts and types 
of any 1 iquids 
used 

- runn1ng sands 
•- caving/hole 

stab111ty 

'!n01cates ltems that the owner1ooerJtor snould record. at a m1n1mum. 
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Geolog1e fonnat1on. 
uneonsolld~ted · 
sediments. consoli­
d~ted sed1ments. 
solum 

Contam1n~ted samoles 
(e.g~. so1ls ~a­
dUclng nigher than 
background organ1c 
vapor readings) 

OSWER-'?950.1 

TABLE 1-4 

SUGGESTED LABORATORY METHODS FOR SEDIMENT/ROCK SAMPlES 

Parameter 

Hydraul1c conduct1v1ty 

S1ze frac:t1on 

Sorting 

Specific: yield 

Spec1fic retention 

Petrology/Pedology 

Mineralogy 

Lamination 

Atterberg Limits 

Aoorooriate subset 
of Aooend1M VIII 
parameters (§261) 

LaDoratory Method 

Falling nead. stat1c 
nead test 

Sieving (ASTH) 
Settling measurements 

(ASTH) 

Petrograon1c analys1s 

Column drawings 

Centr1fuge tests 

Petrographlc analysis 

x-ray diffraction 
confining clay 
mineralogy/chemistry 

Petrograon1e analys1s 

Petrograpn1c: analysis 

ASTH 

SW-846 

used to Ceterm1ne 

Hydraulic c~nduct1v1ty 

Hydraulic conduct1v1ty 

Hydraulic conduct1v1ty 

Poros 1ty 

Porosity 

So11 type. rock type 

Geochemlstry, poten­
tial f1ow oaths 

So11 cones1veness 

Ident1ty of 

contam1nants 

•awners and ooerators mlght also ~ant to consider oerform1ng th1s test wn1le they are obta1ning 
the other types of infonnatlon listed on this table. 
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1.2.2 Interpretation of Geology 3eneath the Si:e 

The technical reviewer should review the owner/operator's geo:ogic 

characteriza~ion and verify: 

• The completeness of the narrative and the acc~racy of the 

owner/operator's interpre~ation, and 

• That the qeoloqic assessment addresses or provides means to 
resolve any information gaps which may be sugges~ed by the 

qeologic data. 

In order to assess the completeness and accuracy of the owner/ 

operator's 1nterpretation, the technical reviewer should: 

• Examine and evaluate the raw data; 

• Compare his own interpretation, based on the raw data, with that 

of the owner/operator: 

• Compare with other studies and information; and 

• Iden~ify any information qaps that relate to incomplete data 

and/or to narrative presentation. 

Tha technical reviewer should independently conduct the followinq 

tasks to support and develop his interpretation of the site qeoloqy: 

• Review drillinq loqs to identify major rock or soil types and 
establish their horizontal and vertical variability: 

• Construct representative cross sections from well loq data; 

• Identify zones of suspected hiqh permeability, or structures 
likely to influence contaminant miqration throuqh the unsaturated 

and saturated :ones; 

• Review laboratory data, determine whether laboratory data 
corroborate field data and that both are suffic1ent to define 
petroloqy: and 

• Review mineraloqic identification of confininq clays and the 
owner/operator's assessment of qeneral qeochemistry and determine 

corroboration between analytic and field data. 

-:3-



OSWER-9950.: 

After the technical reviewer has interpreted the geologic data. these 

results should be compared to the results developed by the owner/operator. 

The technical reviewer should: 

• Identify information gaps between narrative and data. 

• Determine whether resolution requires collection of additional 
data or reassessment of existing data; and 

• Identify any information gaps that will affect the owner/ 
operator's ability to have located his/her RCRA monitoring well 
system. 

1.2.3 Presentation of Geologic Data 

In addition to the generation and interpretation of site-speci!ic 

geologic data. the technical reviewer should review the owner/operator's 

presentation of data in geologic cross sections. topographic maps. and 

aerial photographs. 

An adequate number of cross sections should be presented by an 

owner/operator to depict significant geologic or structural trends and 

reflect geologic/structural features in relation to local and regional 

ground-water flow. Figure l-4 illustrates an example of a waste disposal 

unit that is traversed by an adequate number of cross-section lines from 

which a fence diagram may be created. 

On each cross section. the owner/operator should have identified: 

petrography of significant formations/strata. significant structural 

features. stratigraphic contacts between significant formations/strata. 

zones of high permeability or fracture. the location of each borehole. 

depth of termination. depth to the zone of saturation. and depiction of 

any geophysical logs. If the owner/operator is unable to supply such 

details. the site characterization may be inadequate. Figure l-5 

illustrates an example of a geologic cross section. Vertical exaggera­

tion in cross sections should be minimized. 

~dditionall7. surficia~ features may affect ground-water hydro­

geology. An owner/operator shou:d have prov1ded a surface :opograph1c 
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map and aerial photograph of the site. :he topographic map should ~~ve 

been constructed under the supe~rision of a licensed surveyor and s~ould 

provide contours at a two-foe~ contour interval, locations and illus~ra­

tions of man-made features (e.g., parking lots, factory buildings, 

drainage ditches. storm drains, pipelines. etc.). descriptions of nearby 

water bodies and/or off-site wells, site boundaries, individual RCRA 

units. delineation of the was~e management areas. solid waste management 

areas. and well and boring locations. An example of a site map is 

depicted in Figure l-6. An aerial photograph of the site should depict 

the site and adjacent off-s1te features. This photograph should have the 

site clearly delineated and labeled. In addition, adjacent surface water 

bodies. municipalities and residences should be labeled. 

1.3 Identification of Ground-Water Flow Paths 

In addition to evaluating the owner/operator's characterization of 

geology, technical reviewers must determine whether owner/operators have 

identified ground-water flow paths. The characterization must have 

included: 

• The direction(s) of ground-water flow (including both horizontal 

and vertical components of flow); 

• The seasonal/temporal. naturally and artificially induced <i.e., 

off-site production well pumping. agr1cultural use) var1at:ons :n 

ground-water flow; and 

• The hydraulic conductivities of the significant hydrogeologic 

units underlying their site. 

In addition. technical reviewers must ensure that owner/operators used 

appropriate methods for obtaining the above information. 

1.3.1 Determining Ground-water Flow Directions 

To locate wells so as to provide upqradient and downgradient well 

samples. owner/operators should have a thorough understanding of how 

ground water flows beneath their facility. Of particular impor~ance is 
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the direction of ground-water flow and the impact that external fac~ors 

(intermittent well pumping. temporal ~ariat:ons in recharge patterns. 

etc.) may ha~e on ground-water patterns. In order for an owner/operator 

to have assessed these factors. a program should have been de~eloped and 

implamented for precise water le~e1 monitor~ng. This program should have 

been structured to provide precise water level measurements in a 

sufficient number of piezometers and at a sufficient frequency to gauge 

both seasonal average flow directions and to account for seasonal or 

temporal fluctuation of flow directions. 

In addition to considering the components of flow in the horizontal 

direction. a program should have been undertaken by the owner/operator to 

accurately and directly assess the vertical components of ground-water 

flow. Ground-water flow information must be based at least in part on 

empirical data from borings and piezometers. Technical reviewers should 

review independently an owner/operator's methodology for obtaining 

information on ground-water flow and account for factors that may 

influence that flow at the facility. Ihe following sections provide 

acceptable methods by which an owner/operator should have assessed the 

vertical and horizontal components of flow at the site. 

l.3.l.l Ground-water level measurements 

In order for the owner/operator to have initially determined the 

elevation of the potentiometr~c surface in any monitoring well or 

piezometer. several criteria should have been considered by the 

owner/operator. 

• The casing height should have been measured by a licensed 
surveyor to an accuracy of O.Ol feet. This may have required the 
placement of a topographic benchmark on the facility property. 

• Generally, water level measurements from boreholes. piezometers. 
or monitoring wells used to construct a single potentiometric 
surface should have been collected within a 24-hour period. This 
practice is adequate if the magnitude of change is small over 
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that period of time. !here are other situations, however. ~hich 
necessitate that all measurements be taken within a shor~ ti~e 
interval: 

- tidally influenced aquifers; 

- aquifers affected by river stage, impoundments, and/or unlined 
ditches: 

aquifers stressed by intermittent pumping of production wells; 
and 

- aquifers being actively recharged due to a precipitation event. 

• The method used to measure water levels should have been adequate 
to attain an accuracy of 0.01 feet. 

• A survey mark should be placed on the casing for use as a 
measuring point. Many times the lip of the riser pipe is not 
flat. Another measuring reference should be located on the grout 
apron. 

• Piezometers should be re-surveyed periodically to determine the 
extent of subsidence or rise in ground surface. 

• Water levels in piezometers should have been allowed to stabilize 
for a minimum of 24 hours after well construction and develop­
ment. prior to measurement. In low yield situations. recovery 
may take longer. 

If an owner/operator cannot produce accurate documentation or 

provide assurance that these c=iteria were met during the collection of 

water level measurements. this may indicate that the generated 

information may be inadequate. 

In cases where immiscible contamination is found during the 

characterization. water level measurements should be adjusted to reflect 

its true elevation. 

1.3.1.2 Interpretation of ground-water level measurements 

After the technical reviewer has assured that the water level data 

are valid, he should proceed to independently interpret the information. 

'l'he technical re•Tie"Vter should: 

-Z5-



• Use the owne~/ope~ato~·s ~aw data to cons~ruct a potentiome~~ic 
surface map {see Figure l-7). The data used to develop the 
potentiometric map should.be data from piezometers/wells screened 
at equivalent s~ratigraphic horizons; 

• Compare these data with that of the owner/ope~ato~ and deter-
• mine whether the owne~/operator has accurately presented the 

information. and asce~~ain if the information is sufficient to 
describe ground-water flow trends; and 

• Identify any information gaps. 

In reviewing this information. the technical reviewer should now have 

an approximate idea of the general flow direction; however. in order to 

have properly located monitoring wells. ~~e owner/operator should have 

established hydraulic gradient (flow direc~ion) in both the horizontal and 

vertical directions. 

1.3.1.3 Establishing vertical components of ground-water flow 

In order for the owner/operator to have determined ~he direction of 

flow. vertical components of flow must have been directly determined. 

!his will have required the installation of piezometers in clusters. 

A piezometer cluster is a closely spaced group of wells screened at 

different depths to measure ve~tical variations in hydraulic head. To 

obtain reliable measurements. the following criteria should be considered 

in the placement of piezometer clusters: 

• Information obtained from multiple piezometer placement in single 
boreholes may generate erroneous data. Placement of vertically 
nested piezometers in closely spaced separate boreholes is the 
preferred method. 

• Piezometer measurements should have been collected at least 
within a 24-hour period. and within shorter intervals under 
certain conditions. if measurements are to be used in any 
correlative presentation of data. 

• Piezometer measurements should have been determined along a 
minimum of two vertical profiles across the site. These profiles 
should be cross sections roughly parallel to the direction of 
ground-water flow indicated by the potentiometric surface. 
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When ~eviewing piezomete~ information obtained f~om multiple 

placement of piezomete~s in single bo~eholes. the technical ~eviewe~ 

should closely scrutinize the construction details fo~ the well. It is 

extremely difficult to adequatel: seal seve~al piezometers at discrete 

depths within a single borehole, and special design considerations should 

have been considered by the owner/operator. If detailed information fo~ 

~he design is not available. it may indicate that adequate construc~ion 

considerations have not been used. Placemen~ of piezometers in closely 

spaced well clusters. where piezometers have been screened at different, 

discrete depth intervals. is mo~e likely to produce accurate 

information. Additionally. multiple well clusters sample a greater 

proportion of the aquifer. and thus may provide a greater degree of 

accuracy for considerations of vertical potentiometric head in the 

aquifer as a whole. 

The information obtained from the piezometer readings should have 

been used by the owner/operate~ to construct flow nets (see Figure l-8). 

These flow nets should include information as to piezometer depth and 

length of screening. The flow net in Figure l-8 was developed from 

information obtained from piezometer clusters screened at different. 

d~screte intervals. The technical ~eviewer should be able to ve~ify the 

accuracy of the owner/operator's presentation and calculations by either 

constructing a flow net independently f~om the owner/operator's data o~ 

spot-checking the owne~/operato~·s presentation. It is also impo~~ant to 

verify that the screened interval is accura~ely portrayed and to 

determine whether the piezometer is actually monitoring the water level 

of the desired water-bearing unit. 

!f there is reasonable concurrence between the information p~esented 

by the owner/operate~ and the technical reviewer's interpretation. the 

technical reviewer should next interpret the flow directions from the 

waste management area. 
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1.3.1.4 Interpretation of flow di~ection and flow ~ates 

In conside~ing flow di~ec~ions established by the owne~/ope~ato~. 

the technical ~eviewer should have first established: 

• !hat the potentiometric surface measurements are valid; that is 

the distributions of hydraulic head and hydraulic conductivity 

are known, and that the total porosities as approximations of 

effective porosities (determination of effective porosity can be 

time consuming) of sign~ficant strata are known to permit 

estimation of flow rate; and 

• That the vertical components of flow have been accurately 

depicted and are based on valid data. 

At this point, general direction(s) and rate(s) of ground-water flow 

may be estimated. The technical reviewer should construct vertical 

intercepts with the potentiometric contours for both the potentiometric 

surface map and flow nets. Once the vertical and horizontal direc~ions 

of flow are established (from points of higher to lower hydraulic head), 

it is possible to estimate where monitorinq wells will most likely 

intercept contaminant flow in the-vertical plane. To consider the 

placement that will most effectively intercept contaminant flow. 

hydraulic conductivity(ies) must be calculated. 

1.3.2 Seasonal and Temporal Factors: Ground-Water Flow 

It is important to nota i! the owner/operator has identified and 

assessed factors that may result in short-term or long-term variations in 

ground-water level and flow patterns. Such factors that may influence 

ground-water conditions include: 

• Off-site well pumpinq, recharges, and discharges; 

• Tidal processes or o~er intermittent natural variations (e.g., 

river stage, etc.); 
• On-site well pumpinq: 
• Off-site, on-site construction or changing land use patterns; 

• Deep well injection; and 
• Waste disposal practices. 

Off-site or on-site well pumping may affec~ both the ~at: and 

di~~ction of ground-wate~ flow. Municipal, indus~~ial, or ag~icu1:ura1 
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ground-water use may significantly change ground-water flow patter~s and 

levels over time. Pumpage may be seasonal or dependent upon comple;-c 

water use patterns. The effects of pumpage thus may reflect continuous 

or discontinuous patterns. Water level measurements in piezometers ~ust 

have been frequent enough to detect such water use patterns. 

Natural processes such as riverine, estuarine, or marine tidal ~ov~­

ment may result in variations of well water levels and/or ground-water 

quality. An owner/operator should have documented the effects of such 

patterns. Seasonal patterns have a significant effect on hydraulic head 

and ground-water flow. Short-term recharge patterns may affect ground­

water flow patterns that are markedly different from ground-water flow 

patterns determined by seasonal averages. An owner/operator should have 

gauged such transitional patterns. 

Additionally, an owner/operator should have implemented means for 

gauging long-term effects on water movement that may result from on-site 

or off-site construction or changes in land-use patterns. Development 

may affect ground-water flow by altering recharge or discharge patterns. 

Examples of such changes might include the paving of recharge areas or 

damming of waterways. 

!n reviewing the owner/operator's assessment of ground-water flow 

patterns, the technical reviewer should consider whether the owner/ 

operator's program was sensitive to such seasonal or temporal variations. 

An owner/operator should have, in effect, determined not only the location 

of water resources. but the sources and source patterns that contribute 

to or affect ground-water patterns below the regulated site. 

1.3.3 Determining Hvdraulic Conductivities 

In addition to defining vertical and horizontal gradients and 

sources of spatial and temporal variation. the owner/operator must 

identify the distribution hydraulic conductivity (K) values within each 

significant formation. 'lariations in the hydraulic conductivity within 

or be-:ween formations or strata can create irregulaJ::.ties in ground-•.·rat-er 
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flow paths. Strata/fo~tions of high hydraulic conductivity represenc 

areas of greater ground-water flow and therefore zones of potential 

migration. Further. anisotropy ~ithin strata or formations affects :he 

magnitude and direction of ground-water flow. Thus, information on 

hydraulic conductivities is necessary before owner/operators can make 

reasoned decisions regarding well placements. 

Technical reviewers should review the owner/operator's hydroqeo­

logic assessment to ensure that it contains data on the hydraulic 

conductivities of the significant formations underlying the site. 

In addition. technical reviewers should review ~~e method the owner/ 

operator used to derive the conductivity values. It may be beneficial to 

use analoqous or labo~ator; methods to auqment results of field tests; 

however. field methods provide the best definition of the hydraulic 

conductivity in most cases. 

Hydraulic conductivity can be determined in the field using either 

single or multiple well tests. Single well tests, mere commonly referred 

to as slug tests, are performed by suddenly adding or removing a slug 

(known volume) of water from a well and observing the recovery of the 

water surface to its original level. Similar results can be achieved by 

pressurizing the well casing, depressing the water level, and suddenly 

releas~ng the pressure to simulate removal of water from the well. One 

recommended method, which will be proposed for inclusion in ~w-846 (!est 

Methods for Evaluating Solid Waste, U.S. EPA. July 1982), is Method 9100, 

which is also recommended for use in determining aquifer vulnerability. 

When reviewing information obtained from single well tests. the 

technical reviewer should consider several criteria. First, they are ~ 

on one well and, as such. the information is limited in scope to the 

geoloqic area directly adjacent to the screen. Second, the vertical 

extent of screening will control the part of the geoloqic formation that 

is being tested during the test. !hat part of the column above or below 

the screened inte~ral :hat has not been tested may also have to be tested 

:or h7draulic conductivit7. !h~rd. the methods that the ownertoperacor 
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used to collect the info~tion obtained from single well tests shou:d be 

adequate to measure acc~rately parameters such as changing static water 

(prior to initiation. during. a~d following completion of the test). the 

amount of water added to. or removed from. the well. and the elapsed time 

of recovery. !his is especially important in highly permeable formations 

where pressure transducers and high speed recording equipment may need to 

be used. !he owner/operator's interpretation of the single well test 

data should be consistent with the existing geologic information (borlng 

log data). !he well screen and filter pack adjacent to the inte~al 

under examination should have been properly developed to ensure the 

removal of fines or correct deleterious drilling effects. It is. 

therefore. important that reviewers examine the owner/operator's program 

of single well testing to ensure that enough tests were run to provide 

representative measures of hydraulic conductivity and to document lateral 

variations of hydraulic conductivity at various depths in the subsur:ace. 

Multiple well tests, more commonly referred to as pumping tests. are 

performed by pumpinq water from one well and obse~ing the resulting 

drawdown in nearby wells. Tests conducted with wells screened in the 

same water-bearing formation provide hydraulic conductivity data. ~asts 

conducted with wells screened in different water-bearing zones furnish 

information concerning hydraulic communication. Multiple well tests for 

hydraulic conductivity are advantageous because they characterize a 

greater proportion of the subsurface and thus provide a greater amount of 

detail. Multiple well tests are subject to similar constraints to those 

listed above for single well tests. Some additional problems that should 

have been considered by the owner/operator conducting a multiple well 

test include: (l) storage of potentially contaminated water pumped from 

the well system and (2) potential effects of ground-water pumping on 

existing waste plumes. The technical reviewer should consider the 

geologic constraints that the owner/operator has used to interpret the 

pumping test results. Incorrect assumptions regarding geology may 

translate into incorrect ~stimations of hydraulic conductivity. 
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In ~eviewing the owne~/ope~ator's hydraulic conductivity measure­

ments. the technical reviewer should use the following criteria to 

determine the accuracy o~ completeness of information. 

• Values of hydraulic conductivity between wells in similar 

lithologies should not exceed one order of magnitude difference. 

If values exceed this difference. the owne~/operator may not have 

provided enough information to sufficiently define a potential 

flow path. or there is a mistake in the logs. 

• Hydraulic conductivity determinations based upon multiple well 

tests are preferred. Multiple well tests provide more complete 

information because they characterize a greater portion of the 

subsurface. 

• Use of single well tests will require that mo~e individual tests 

be conducted at different locations to sufficiently define 

hydraulic conductivity variation across the site. 

• Hydraulic conductivity information generally p~ovides average 

values for the entire area across a well screen. For more depth 

discrete information. well screens will have to be shorter. If 

the average hydraulic conductivity for a formation is required. 

entire formations may have to be screened. or data taken from 

overlapping clusters. 

It is important that measurements define hydraulic conductivity both 

vertically and horizontally across an owner/operator's regulated site • 

• 
Laboratory tests may be necessary to ascertain vertical hydraulic 

conductivity in saturated formations or strata. In assessing the 

completeness of an owner/operator's hydraulic conductivity measurements. 

the technical reviewer should also consider results from the boring 

program used to characterize the site qeoloqy. Zones of high permeability 

or fractures identified from drilling loqs should have been considered in 

the determination of hydraulic conductivity. Additionally. information 

from boring logs can be used to refine the data generated by single well 

or pumping tests. 

1.4 Identification of the Upoermost Aquifer 

~he owner/operator is ~equired under ~0 ~ §265 Subpart F to mon~!or 

~he ~pp~rmos: aquifer :eneath the facility in o~de~ to immediately ~et:c~ 
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a release. Proper identification of the uppermost aquifer is therefore 

essential to the establishment of a compliant ground-water monitoring 

system. EPA has defined the upp~rmost aquifer as the geologic fo~tion, 

group of formations, or part of a formation that is the aquifer neares~ 

to the ground surface and is capable of yielding a significant amount of 

ground water to wells or springs (40 CFR §260.10) and may include fill 

material that is saturated. The identification ~f the confining layer 

or lower boundary is an essential facet of the definition of uppermost 

aquifer. There should be very limited interconnection, based upon 

pumping tests, between the uppermost aquifer and lower aquifers.* If 

zones of saturation capable of yielding significant amounts of water are 

interconnected, they all comprise the uppermost aquifer. Quality and use 

of-ground water are not factors in the definition. Even thouqh a 

saturated formation may not be presently in use, or may contain water not 

suitable for human consumption, it may deserve protection because contami­

nating it may threaten human health or the environment.· Identification 

of formations capable of "significant--yield" must be made on a case-by­

case basis. 

There are saturated zones, s~h as low permeability clay, that do 

not yield a significant amount of water, yet act as pathways for 

contamination that can miqrate horizontally for some distance before 

reaching a zone which yields a significant amount of water. If there is 

reason to believe that a potential exists for contamination to escape 

alonq· such pathways, the technical reviewer may invoke enforcement and 

permitting authorities other than §265.9l to require such zones to be 

monitored. These authorities include 3008(h) for interim status 

. . 
*Some hydrogeologic settings (e.g., basin and ranqe provinces, alluvial 
depositional environments) do not offer a clear confininq layer. In 
such casas, the technical reviewer should note the situation and 
concentrate on the placement of wells in the uppermost aquifer to 
immediately detect potential releases of contaminants. 
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corrective action, 3004(u) for corrective action for permitting, the 

omnibus condition authority under 3005(c) which mandates permit 

conditions to protect human hea~th and the environment, and 3013 

authority which permits broad investigations. Of course, if a release 

has been detected the plume should be characterized in such saturated 

zones regardless of yield. 

In all cases, the obligation to assess any hydraulic communicat~on 

and the proper definition of the uppermost aquifer rests with the 

owner/opera~or. The owner/operator should be able to prove that the 

confining unit is of sufficien~ly low permeability as to minimize the 

passage of contaminants to saturated. stratigraphically lower units. 

The following examples illustrate geologic settings wherein hydrau­

lic communication must be demonstrated before proper identification of 

the uppermost aquifer can be made. The examples are not intended to be 

exhaustive in the situations they portray; rather, they are meant to 

provide a sample of geolog~c settings that depict hydraulic communication. 

Fiqure l-9 illustrates a site where preliminary drill logs indicated 

a confining layer of unfractured, continuous clay beneath the site. 

(Note: the actual geologic conditions are pictured for purposes of 

clar1ty in the figure.) In order to confirm whether the clay layer is 

continuous or discontinuous, the owner/operator conducted a pumping 

test. A well at drill point No. Z was screened a~ the uppermost par~ of 

the potentiometric surface. Another well at drill point No. 3 was 

located close by and screened below the clay layer. Measurable 

drawdown was observed in the upper well when the well below the confining 

layer was pumped. This indicated that the confining unit is not of 

sufficient impermeability to serve as a significant boundary to 

contaminant flow. In this case, the water-bearing unit"below the clay 

layer and the formation above the clay layer are both part of the 

uppermost a~ifer. 
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In Figure 1-10, the owner/operator drilled tes~ borings through sand 

and limestone formations into a sandstone unit .. In the initial cores, no 

indication of fracturing of the 'limestone unit was observed. !he owner/ 

operator initially assumed that the limestone unit dips at a moderate 

slope due to differing levels of contact. However. as illustrated by the 

figure. actual conditions involve faulting and post-depositional erosion 

of the limestone forma~ion (additional corings and geophysical s~udies 

detected fracture zones). These fractures represent hydraulic communica­

tion between the upper unconsolidated sand layer and the sandstone 

formation below the limestone unit. The uppermost aquifer, therefore. 

includes the unconsolidated sand formation. the limestone formation. and 

the sandstone formation. 

Figure l-ll illustrates a situation where perched water zones lie 

above the potentiometric surface. The containment pathway includes the 

perched water zones and that part of the sand formation from the top of 

the potentiometric surface to the top of the gran~tic casement. 

In Figure 1-12. initial test borings indicated that horizontal sand 

units are underlain by a consolidated. well-cemented, limestone unit. 

Initial borings did not indicate the presence of the anticline. The 

owner/operator incorrectly assumed that the sandstone unit was a confining 

layer that extended across the subsurface below the site. A dolomite 

unit. in contact with the unconsolidated sandy silts and directly below 

the waste unit. is fractured and highly permeable. Additional investiga­

tion including pump tests. borings. and/or geophysical analysis better 

defined the subsurface. The uppermost aquifer. in this case. includes 

the anticlinal formations. 

In Fiqure l-13. unconsolidated units are underlain by a consolidated 

series of variable. near-shore. shallow marine sediments. The owner/ 

operator has installed three borings near the waste management unit to 

identify the uppermost aquifer. Inte~retation of these borings indicates 

that the unconsolidated units ar~ underlain by a well-cemen~ed limes~one 
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FIGURE 1-11 PERCHED WATER ZONES AS PART OF THE UPPERMOST AQUIFER 



.... ;- .· 

BOREHOLE 
1 

. ~·.-:.-.. ·-.":. ~. ·. ··. ~.:- .. ·~>· ... : · .. :-~:~ 
·::~··.;:2:4.;~~:~ 

... 

n:, '?~{' :.:,·'i: · .. }·: 
.J:•.·.:.·.··. •·. 
·~· GROUND·WATER 

FLOW DIRECTION:;· .. ,. ···:·.·: 
.. :\ 

CALCIUM BENTONITE 
PLUGGED BOREHOLE 

0 

LIMESTONE 

K • 3.5 x 1o-5cmlsec 

OSWER-9950.1 

BOREHOLE 
2 

., · .. · . 
. ':· ; . 

·. .... . .: .·:-.·.·.; . 
:· /:: ... ~. ~-" '·~ :·~ .·.·.~-~.~· ... · .. ·; ·. : ..... 
......... : . . . . . . . : ~ .. ·. . . : . .. ' 
~:+~~·~'~.:~.2 ·;:.;.·. 

•.• 

LEGEND 

WELL ANO SCREEN 

'V POTENTIOMETRIC 
---SURFACE 

FIGURE 1·12 AN EXAMPLE OF AN UNDETECTED STRUCTURE IN THE UPPERMOST 
AQUIFER (VERTICAl SCALE IS EXAGGERATED). 

-41-



.... . ··.; 

150" 

BOREHOLE BOREHOLE BOREHOLE 
2 3 

~~;;;:;;;;;~~~POTENTIOMETRIC 

0 

.... -~:·:~.- -:--: _,:~:·:~ ·~.· ~: 
·>: · ·.::··'FINE SAND .. · · · . · ·-.. : 
·:~~ .· -:-:;; .:'· ;·. ·~: ·: .. ..... ·. ·.:. ·.• • .. :·.. .. 

·. ,:_;:·: K • 5.0 x 10-4cm/sec . ~·;. ·: . .. . : . . . 

150" 

SURFACE 

FIGURE 1·13 AN EXAMPLE OF AN UNDETECTED PORTION OF THE UPPERMOST AQUIFER 
DUE TO AN IMPROPER!. Y SCREENED BOREHOLE (VERTICAL SCALE IS 
EXAGGERATED) 

-42-



CS';o;ER-99::.: 

of very low pe~eability. However, an unde~ec~ed sandstone ~~~~. whic~ 

is laterally con~inuous wit!'l the limes~one •.mi1:, is highly permeab.:.e a::c 

saturated and represents an undetected por~ion of the uppermos1: aquifer. 

Interpretation of the depositional environment of the limestone unit, 

coupled with a knowledge of the local or regional geology, should have 

been used in addition to other investigate~! techniques to es~ablish t~e 

presence of the transitional lateral struc~~ral feature and thus proper~y 

define the uppe~ost aquifer. 

A special case that should be considered by the technical reviewer 

is the possibility that existing wells may ?rovide avenues for hydrauli= 

communication between hydrogeologic units. !his is of special importa::ce 

when considering a site where a contaminant plume may have migrated down­

gradient to the extent that the plume approaches off-site wells. Such 

wells may not have been construc~ed in a manner sensitive to problems oi 

cross-contamination between aquifers (see Chapter Four). 

!he goal of the site charac~eri:ation is the identification of 

potential pathways for contaminant migration in the uppe~st aquifer. 

!he next step is to complete the installation of monitoring wells and 

piezometers in those pathways and upgradien~. which will comprise the 

detection monitoring networK. 
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SHAPTER r'tiO 

P!..AC~ OF JETEC:'ION MONITORING WELLS 

The purpose of this chapte~ is to examine criteria the technica: 

reviewer should use in deciding if the owner/operator has made proper 

decisions regarding the number and location of detection monitoring 

wells. In evaluating the design of an owner/operator's detection 

monitoring system. the technical ~eviewer should examine the placement of 

upqradient and downgradient monl:oring wells relative to hazardous waste 

management units. and review the placement and screening of detection 

monitoring wells for their interception of predicted pathways of 

migration. The minimum number of monitoring wells an owner/operator may 

install in a detection monitoring system under the regulations is 

four--one upgrad"ient well and ~!'lree downgradient wells. ':'nically. site 

hydrogeology is too complex or ~he hazardous waste unit is ~oo large for 

the regulatory minimum number oi wells to prove adequate in achieving the 

performance ·objectives of a detection monitoring system. 

A fundamental concept that will be emphasized throughout this chapter 

is that the placement and screening of wells in the detection monitoring 

network will be based on the results of a thorough site characterization. 

The basic goals of the site characterization process as described in 

Chapter One are the description of the hydrogeological regime and the 

identification of the uppermost aquifer and potential pathways for 

contam1nant migration. This information is the foundation for the entire 

ground-water monitoring program and crucial to the placement of detection 

monitoring wells in particular. It is likely that the technical reviewer 

may encounter situations where the owner/operator has collected little or 

no site hydrogeologic information or has relied exclusively on regional 

data to design a monitoring system. In this situation. the technical 

reviewer should carefully examine the decisions the owner/operator has 

made regarding well placement and screen depths. and it may be necessar; 

to req~l~e the owner/operator :o collect additional Slte i~formatlo~. 
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Upgradient monito~ing wells a~e to ~~ovide back;"ound g"our.c-wa~:r 

quality data in the uppermost aquifer. Upgradient wells mus: be 

(l) located beyond the upgradient extent of ?Otential contamination f=om 

the hazardous waste management unit to provide samples representative of 

background water quality, (2) screened at the same stratigraphic 

horizonts) as the downgradient wells to ensure comparability of data, and 

(3) of sufficient number to account for hete~ogenelty in background 

ground-water quality. 

It is important to recognize that potential pathways for contaminant 

mlgration are three dimensional. Consequently, the design of a detec~ion 

monitoring network that intercepts these potential pathways ~equi~es a 

three-dimensional approach. Cowngradient monitoring wells must be 

located at the edge of hazardous waste management units to satisfy the 

regulatory requirements for immediate detection. !he placement of 

detection monitoring wells along the downgradient. perimeter of hazardous 

waste management units must be based upon the abundance, extent, and the 

physical/chemical characteristics of the potential contaminant pathways. 

The depths at which contaminants may be located and at which downgrad1ent 

wells must be screened are functions of (l) geologic factors influencing 

the potential contaminant pathways of migration to the uppermost aquifer, 

(2) chemical characteristics of the hazardous waste controlling its 

likely movement and distribution in the aquifer, and (3) hydrolog1c 

factors likely to have an impact.on contaminant movement (and 

detection). The consideration ~f these factors in evaluating the design 

of detection monitoring systems is described in Section 2.1.3. 

A sufficient number of detection monitoring wells screened at the 

proper depths must be installed by the owner/operator to ensure that the 

ground-water monitoring system provides prompt detection of contaminant 

releases. A detection monitoring system should be judged against site­

specific conditions; however, there are a number of criteria that 



technical reviewers can apply to ensure that detection mor.itoring sys::ms 

satisfy the RCRA regulatory requ:=:ments. !his chapter describes :tose 

criteria and provides examples ~n how technical re•1iewers can e•1alua:e 

detection monitoring systems in various hydrologic situations. This 

chapter also examines three common geologic environments: alluvial, 

karst, and a glacial till. !he rationale for well placement and vertical 

sampling intervals within each geologic environment is discussed. 

2.1 Placement of Downaradient Detection ~onitorina ~ells 

!he criteria.for evaluating the location of downgradient wells 

relative to waste management areas are described in Section 2.1.1. 

Section 2.1.2 contains the criteria for evaluating horizontal placement 

of downgradient detection wells. Section 2.1.3 details the rationale for 

selection of the ?ertical placement and sampling inte~Jals of detection 

monitoring wells. Discussed in Section 2.1.4 are three geologic settings 

that have been encountered at hazardous waste sites and the rationale for 

detection well placement at each site. 

2.1.1 Location of Wells Relative to Waste Manaaement ~reas 

In order to immediately detect releases as required by the 

regulations, the owner/operator must install downgradient detection 

monitoring wells adjacent to hazardous waste management units. In a 

practical sense, this means the owner/operator must install detection 

monitoring wells as close as physically possible to the edge of ha:ardous 

waste management unit(s). The two drawings in Figure 2-1 (~and Bl 

illustrate the concept of the placement of wells immediately adjacent to 

hazardous waste management unit(s). ~: the placement of wells 

relative to the units shifts as a function of the direction of 

ground-water flow. 

Geologic environments with discrete solution channels such as Karst 

formations must have detection monitoring wells located in those solution 

channels likely to ser?e as conduits for contamination m~grat~on. 
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At sites underlain by intsr=edded, ~consolida::d sands. silts. and 

clays (e.g., alluvial faci:s) ·..there the po~:nt:.ome~::-ic surface is 

deep-seated, the lateral component of contaminant migration may ca:~f 

contaminants beyond the ground-water moni~oring system before they reach 

ground water, and therefore beyond detection. The owner/operators could 

institute a program of vadose zone monitoring as a supplement to the 

ground-water monitoring program in such cases, to provide immediate 

detection of any release(s) from the hazardous waste management area. 

Volatile organ1cs that escape to the vadose zone, for instance, may be 

detected and characterized through soil gas analysis. 

2.1.2 Horizontal Placement of Downcradient Monitorina Wells 

!he horizontal placement of detection monitoring wells along the 

downgradient perimeter of hazar=ous waste management units should be 

predicated on the interception of potential pathways for contaminan~ 

migration. The majority of hazardous waste sites will have identifiable 

pathways for potential contaminant migration. Some potential pathways 

for contaminant migration are: zones with relatively high intrinsic 

(matrix) hydraulic conductivities, fractured/faulted zones, solution 

channels, and zones suspected to be incompatible with the waste(s) 

present. Sites located in heterogeneous geologic settings can have 

numerous, discrete zones of potential migration. Each zone of potential 

migration must be identified and monitored. 

Within a potential migration pathway, the horizontal distance 

between wells should be based upon site-specific factors such as those 

described in Table 2-l should be considered by technical reviewers when 

evaluating the horizontal distance between detection wells. These 

factors cover a variety of physical and operational aspects relating to 

the facility, including hydrogeologic setting, dispersivity, seepage 

velocity, facility design, and waste characteristics. 
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TABLE Z-1 

FACTORS INFLUENCING iHE !NTERVALS BETWEEN INOIVIOUAL MONITORING ~E~LS 

WITHIN A POTENTIAL MIGRATION PATHWAY 

WELL INTERVALS MAY BE CLOSER !F !HE SITE: 

• Manages or has managed 110u1d ~aste 

• Is very small 

• Has fill mater1al near the waste 
management un1ts (wnere preferentlal 

flow m1ght occur) 

• Has bur1ed p1pes. util1ty trenches. etc .. 

wnere a go1nt-source leak m1ght oc:ur 

• Has comol1catea geology 
- clQsely spaced fractures 
- faults 
- tight folds 
- solution channels 
- discontinuous structures 

• Has heterogeneous condltions 
- var1able hydraul1C conouct1v1ty 
- ~ar1able lithology 

• Is located in or near a recharge zone 

• Has a steep or variable hyoraul1c 
grad1ent 

• Is characterized by low dispers1v1ty 
potential 

• Has a hlgh seepage veloc1ty 

-so-

WELL INTERVALS MAY BE WIQER IF ~~~ SITE: 

• Has s1mole geology 
- no fractures 
- no faults 
- no folds 
- no solut1on channels 
- cont1nuous structures 

• Has homogeneous condit1ons 
- un1form hydraul1c conouc~1v1ty 
- un1form llthology 

• -Has a low (flat) and constant nyoraul1c 
grad lent 

• Is characterized by nigh d1spers1v1ty 
potential 

• Has a low seeoage veloc1ty 



:n the less common homogeneous geologic setting where no ~re:erred 

pathways are identified. a more "egular well placement ?atte=~ can ~e 

utili:ed based on formational chat'acteristics (e.g .• dispersi•Jity, 

hydraulic conductivity. and other' factor's listed in Table 2-1). 

2.1.3 Vertical Placement and Screen Lengths 

:his document addresses separately the hot'i:ontal placement and the 

vertical sampling intet'•Jals of detection monitor:.ng wells. :hese t·...-o 

parameters. however. should be e•;aluated together' in the design of the 

ground-water detection monitoring system. Proper selection of the 

vertical sampling interval pt'ovides the thit'd dimension to the detection 

~nitoring of potential contaminant pathways to the uppermost aquifer'. 

Site-specific hydrogeologic data obtained by the owner/operator during 

the site characterization are essential for' the determination of the 

horizontal placement of detection wells. and for the selection of the 

vertical sampling interval(s). Proper design of a detection monitoring 

system enables the owner/operator' to select the vertical sampling 

interval capable of immediately detecting a release from the hazardous 

waste management area. It is essential, therefore, that the 

owner/operator's decisions regarding vertical sampling intervals are 

based upon a full site characterization. which defines both the depth and 

thickness of the stratigraphic horizon(s) that could serve as contaminant 

pathways. There are several guidelines or criteria that the technical 

reviewer should follow in evaluating owner/operator decisions. 'A 

discussion of these guidelines follows in the examples in Section 2.1.4. 

!he owner/operator should have determined from the site characteri­

zation which stratigraphic hori:ons represent potential pathways for 

contaminant migration, and should screen monitoring wells at the 

appropriate horizon(s) to provide immediate detection of a release. It 

is extremely important to screen upgradient and downgradient wells in the 
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same st:ratigraphic horizon( s) ':.o obtain comparable ground-water qual i. :·: 

data, as long as the strata are not dipping :oo strongly. !he owner/ 

operator should have ensured an~· demonstrated that the upgradient anc 

downgradient well screens intercepted the ~uppermost aqu~fer. !he 

determination of the depth to a potential contaminant migration pathway 

may be made from soil/rock cores, supplemented by geophysical and 

available regional/local hydrogeological data. 

Another factor to be cons~dered in selecting the depth at which 

wells should be placed (and the selection of well screen lengths) is :he 

physical/chem~cal characteristics of the hazardous waste or hazardous 

waste const:ituents controlling the movement and distribution of contamina­

tion in the aquifer. !he technical reviewer should consider the mob1:ity 

of the hazardous waste. its potential reaction products, and the potential 

for chemical degradation of clays. Different transport processes cor.trol 

contaminant movement depend1ng on whether the contaminant dissolves in 

water or is immiscible. Imm1scible contaminants may vary from e~t:remely 

light volatiles to dense organic liquids whose migration is governed 

largely by density and viscosity. ~ighter than water phases spread 

rapidly in the cap1llary zone just: above the potentiometric surface. 

Alternatively, "the migrat:ion of dense organic liquids is largely 

uncoupled from the hydraulic gradient: that drives advective transpor~ and 

movement may have a dominant vertical component even in horizontally 

flowing aquifers" (MacKay. et al., 1985). 

In addition to the normal flow of ground water (advection). the 

chemical processes of dispersion and sorption (retardation) greatly 

influence the potential migration pathways of contaminants within an 

aquifer. Dispersion is the spread of contaminants resulting from 

molecular diffusion and mechanical mixing and "may result in the arrival 

of detectable contaminant concentrations at a given location significantly 

before the arrival time that is expected solely on the basis of the 

a·,~rage ground-water flow ::-at:" (~acKa:·. et al., 1985). !he mobili:~· of 
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different leachate cons~ituents will va~! depending upon the ex~=n~ :o 

which each constituent is adsorbed. to solid surfaces (sorption processes). 

Some nonreactive ionic species (~.g., chloride ion) and low molecular 

weight organics of relatively high water solubility (e.g., trichloro­

ethylene) can be quite mobile. Heavy metals te.g., lead) and organics 

with high molecular weights and relatively low solubilities in water 

(e.g., chlorinated benzenes) tend to be the least mobile in natural 

conditlons of near neu~ral pH and Eh. 

All of these processes are important in choosing the depth of ~he 

screened interval and locating monitoring wells. because contaminan~s may 

be confined to and move within narrow zones. For instance, to monitor 

for heavy metals the screened interval should be just above the confining 

layer--for light organics, at the potentiometric surface/capillar! zone 

interface. The local lithological variation can influence the rate, 

quantity, and degree of sorption of particular con~aminants and is 

important in the proper location of monitoring wells. 

Studies have shown that certain organic liquids can cause desiccation 

cracks in clay which can lead to significant increases in permeability. 

When organic chemicals and strongly acidic wastes are present, the com­

patibility of these wastes and chemicals with any potentially confining 

clay layer(s) should be confirmed. 

Determination of the appropriate thickness of the vertical sampling 

interval(s) is a natural extension of the depth selection. !he owner/ 

operator should have made the decision on the basis of site characteri:a­

tion data. Sources of information that can be used in determining the 

thickness of potential contaminant pathways can include isopach maps of 

highly permeable strata, coring data, sieve analysis, and fracture traces. 

!he lengths of well screens used in ground-water monitoring wells 

can be a significant factor in the detection of releases of contaminants. 

!he complexity of the hydrogeology at a site is an important consldera~lon 
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when selecting the lengths of well screens. Most hydrogeologic setti~gs 

are complex (heterogeneous. an~sotropic) and the pe~eability is 7ar!able 

with depth due to interbedded sediments. Highly variable fo~ations 

require shorter well screens. which allow sampling of discrete portions 

of the formation. Longer well screens that span more than a single flow 

:one can result in excessive dilution of a contaminant present in one 

:one by uncontaminated ground water in another zone. This dilution can 

make contaminan: detection dl!ficult or impossible. since contaminant 

concentrations may be reduced to levels below the detection limits for 

the prescribed analytical methods. 

Even in hydrologically simple (homogeneous) formations or within a 

potential pathway for contaminant migration. the use of shorter well 

screens may be required to detect contaminants concentrated at a 

particular depth. A contamir4nt may be concentrated at a part~c~lar 

depth because of its physical/chemical properties and/or hydrologlc 

factors. In this situation. a longer well screen (length of well screen 

>> thickness of the contamination :one) can permit excessive amounts of 

uncontaminated formation water to dilute the contaminated ground water 

entering the well. This resultant dilution may prevent the detection of 

statistically significant changes in indicator parameters (pH changes) 

and. in extreme cases. the diluted concentration of contaminants may =e 

below detectlon limits of the laboratory method being used. 

The use of shorter well screens helps to maintain chemical resolution 

by reducing excessive dilution and, when placed at depths of predicted 

preferential flow, such screens can monltor the aquifer or portion of the 

aquifer of concern. The importance of determininq these preferential 

flow paths in the ground-water monitoring process confirms the need for 

a complete hydrogeologic site investigation prior to the design and 

placement of detection wells. 
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Monitoring wells ~an be used to confirm or de~ec~ changes :n g~ounC­

water flow directions (dete~ined during the site characteriza~ion) by 

comparisons of potentiome~ric le~els in neighboring wells. In hetero­

geneous geologic settings. however. longer well screens can in~ercept 

stratigraphic horizons with dif:erent (contrasting) ground-water flow 

directions. In this situation. the potentiometric surface will not 

provide :he depth discrete head measurements required for accurate 

ground-water flow direction dete~ination. 

Cer~ain hydrogeologic settings necessitate the use of longer well 

screens :or detection monitoring. Hydrogeologic settings with widely 

fluctuating potentiometric surfaces are better monitored with longer 

screens that continuously intercept the water surface and provide moni­

toring for the presence of contaminants less dense than water. Formations 

with low hydraulic conductivities can also necessitate the use of longer 

well screens to allow sufficient amounts of formation water to enter the 

well for sampling. 

~: The vertical sampling interval is not necessarily synonymous 

with aquifer thickness. In other words, the owner/operator may select an 

inte~ral which represents a portion of the thickness of the uppermost 

aquifer. When a single well cannot adequately intercept and monitor the 

vertical extent of a potential pathway of contaminant migration at each 

sampling location. the owner/operator should have installed a well 

cluster. A well cluster is a number of wells grouped closely together 

but not in the same borehole and often screened at different stratigraphic 

horizons. The greater the need for stratified sampling, the more wells 

the owner/operator should place in a cluster. !he use of well clusters 

is illustrated in the examples in Section 2.1.4. 

There are situations where the owner/operator should have multiple 

wells at a sampling location and others where typically one well is 

sufficient. They are summarized in Table 2-2. !he potential for 
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TABLE 2-2 

FACTORS AFFECTING NUMBER OF WELLS PER LOCATION <C~USTERS) 

One Well Per Samolina Locat:on 

• ~o "sinkers" or "floaters" 
(immiscible liquid phases; 
see glossar1 for more detail) 

• ~hin flow :one (relative to 
screen length) 

• Homogeneous uppermost aquifer; 
simple geology 
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More Than One Well Pe~ Samolina 

• Presence of sinkers o~ 
floaters 

• Heterogeneous uppe~ost aquif:r; 
complicated geology 
- multiple, interconnected 

aquifers 
- variable lithology 
- perched water :one 
- discontinuous structures 

• Discrete fracture :ones 
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immiscibles in a thick. complex saturated zone of the uppe~os~ aquifer 

should prompt the owner/opera~or to use well cluste~s. Conversely, i~ 

situations where ground water is•contaminated by a single contami~an~. 

and geologically there is a thin saturated zone within the uppermost 

aquifer or homogeneous hydrologic properties are prevalent in the 

uppermost aquifer. the need for multiple wells at each sampling loca~ion 

is reduced. The number of wells screened at specific depths that should 

be installed at each sampling location increases wi~h site complex~~7· 

Each potential contaminant pathway must be screened to ensure prompt 

detection of a hazardous waste or hazardous waste constituent release. 

2.1.4 Exam~les of Detection Well Placement in ~hree Common Geologic 
Environments 

The following examples are based on actual geologic environments 

encountered during hydrogeologic investigations. The three geologic 

settings presented--a Karst. an alluvial. and a glacial till--are not 

intended to be inclusive of all hydrogeologic factors; however. they are 

illustrative of the technique used in the design of a minimum detection 

monitoring system. The basic steps in the development of a detection 

monitoring network include: (l) a review of existing information to 

determine the regional geologic regime and regional ground-water flo~ 

rates and direction; (2) a hydrogeologic inves~igation of the site to 

determine the depth to and the extent of the uppermost aquifer; the 

presence and extent of any confining layers/units; the abundance. 

location(s), and extent of any potential pathways for contaminant 

migration; and the direction and flow rates of the ground water; (3) a 

review of the waste analysis plan to determine the chemical/physical 

properties that may affect the distribution of a contaminant in the 

aquifer; (4) the installation of detection wells in order to intercept 

and completely monitor the poten~ial pathways of contaminant migration; 

(5) the selection of well screen lengths to provide resolute ground-water 

samples; and (6) the placement/screening of upgradient monitoring wells 

to provide representative background samples. 
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Figures 2-Z, Z-3, and 2-4 depict a block diagram, a cross section, 

and plan ~iews of two lined was~e impoundmen~s located in a glacial till 

environment. This heterogeneous,glacial terrain is encountered in many 

parts of the count~, especially northern sta~es. ~ review of the 

published regional geologic data aided the subsequent and thorough site­

specific hydrogeologic investigation that made it possible to identify 

three lithologic units in the upper 100 feet of sediments overlying a 

gran~te with low hydraulic conducti~ity. These uni~s were identified by 

geologic and geophysical analysis. Color, grain size, and texture were 

also used to characterize each unit. Two sand units are separated by an 

undulating glacial till va~ing between 10 and 50 feet thick. Pumping/ 

slug tests were conducted to determine the hydraulic conductivities of 

each un1t. These tests in conjunction with piezometer (not shown in 

Figure 2-3) readings identified hydraulic in~ercommunication between the 

two sand units. This vertical flow from the upper sand uni~ to the lower 

sand unit is predominan~ly a function of the thickness and continuity of 

the till unit. In locations where the till is thinnest, vertical flow is 

most prevalent. Borings show that the granite confining unit extends 

laterally across the entire site. Therefore, the uppermost aquifer 

includes the two sand units and the till. 

Flow in the upper sand unit is southerly, towards a nearby river, 

and has a moderate hydraulic gradient of 0.01. Flow in the lower sand is 

representative of regional ground-water flow generally to the south­

east.. This lower outwash sand has a low hydraulic gradient of .004. 

Figure 2-4 contains two plan views showing the equipotential lines in the 

upper and lower sand units. These equipotential lines were drawn using 

information from the well/piezometric data tabulated on Figure 2-4. !he 

block diagram in Figure 2-Z illustrates the multiple ground-water flow 

paths present in this glacial terrain. The southern and eastern 

perimeters of the waste lagoons are downgradient and therefore require 

monitoring. The cross section !n Figure 2-3 depicts the well placement 
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and sc~een lengths for the detec~:on monitoring network along ~~e 

southern perimeter of the impoun~~ent. Along the southern peri~eter. the 

upper sand unit requires more s~r:ngent monitoring than the lower sand 

unit because of the higher ground-water velocity and steeper gradient in 

the upper zone. Any release must seep through the upper sand before it 

reaches the till. The hydraulic head resulting from the depth of liquid 

in the lagoons. and an inventory of wastes and byproducts. indicate the 

potent.:.al for "sinkers and floaters." The decision regarding horizontal 

well placement was also based upon the likely size of a leak. the 

distance from a leak source to the downgradient perimeter, dispersion, 

and seepage velocity. Well placement in the lower sand unit along the 

southern per1meter reflects the easterly component of ground-water flow 

in the lower sand, that is. wells screened in the lower sand are located 

toward the eastern end of the lagoons. It is important to note the care 

that must be taken to properly grout the boreholes (wells) penetrating 

the less permeable till to avoid increasing the (or cause a) hydraul1c 

communication between the sand un1ts. 

Figure 2-5 illustrates a cross section and plan view of a landfill 

that may occur in an alluvial setting. A review of the regional and 

local geology indica_ted that the area was possibly underlain by 

interbedded sand and clay units. Split spoon samples collected during 

the site-specific characterization revealed a massive clay unit extending 

across the entire area at a depth of approximately 100 feet. Borehole 

samples and inte~retation of geophysical logs suggested that two sand 

units overlie the massive clay, separated by a clay layer of variable 

thickness. The upper sand contains several clay lens, each averaging 

approximately 20 feet thick. beneath the disposal area. Pumping tests 

within the sand units provided hydraulic conductivity values for the sand 

units. Laboratory tests were used to determine hydraulic conductivity 

values for the clay. Further analysis of clay samples identified an 

illitic clay. Pumping tests across the interven1ng clay established 

hydraulic communication between the sand units with downward :low . 
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It is dete~ined through ~esearch and substantiated by piezome~ers 

that the direction of ground-water flow is p~edomi~antly east northeast 

(out of the page). !his direct~n fluctuates seasonally, however, due to 

the influence of the river. !n the summer, flow is toward the east; in 

the winter, it shifts to the northeast. !he potentiometric surface in 

the upper sand varies by approximately _six feet during the year. Dense 

phase immiscible wastes are known to be disposed of at the site. 

!he resultant horizontal and vertical placement of wells (and screen 

lengths> reflects all of the waste management practices and hydrogeologic 

factors at the site. !he potential pathways for contaminant migration 

are the two sand units. A greater number of wells are established in the 

overlapping east-northeast flow zone. because ground-water flow there is 

continuous and not seasonal. Wells are also placed in the area of 

interm~ttent flow. Generally, ~~e lengths of well screens lnstalled at 

the site reflect the vertical extent of the potential contami~~nt pathwa: 

at the desired sampling location. However. shorter well screens (not 

fully penetratinq the depth of the sand unit) are employed in the thick 

sand units where dilution effects may impair potential contaminant 

detection. Several wells are screened at the sand/clay interfaces where 

high specific gravity (dense) immiscibles may be expected to accumulate. 

Also, those screens that intercept the potentiometric surface in the 

upper sand are at least long enough to accommodate seasonal fluctuations 

in ground-water elevations. 

Figure 2-6 illustrates a cross-sectional and plan view of a waste 

landfill situated in a mature Karst environment. !his setting is charac­

teristic of carbonate environments encountered in various parts of the 

country, but especially in the southeastern states. An assessment of the 

geologic conditions at the site, through the use of borings, geophysical 

surveys, aerial photography. tracer studies, and other geological 

investigatory techniques, made it possible to identify a mature Karst 

geologlc fo~ation characterl:ed by well-defined slnkholes, solution 
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channels, and extensive ve~~~cal and ho~izon~al f~ac~uring in an 

interbedded limestone/dolomite. Using ~otentiome~"ic data, g~our.d-wa~=~ 

flow direction was found to be ~o the east. Solut~on channels are for.med 

by the flow of water through the fractures. The chemical reaction 

between the carbonate rock and the ground water in the fractures produces 

voids. These voids are referred to as solution channels. Through time, 

these solution channels are enlarged to the point where the weight of the 

overlay1ng rock (overburden) may be too great to provide support, thereby 

causing a "roof" collapse and the formation of a sinkhole. ':he location 

of these solution channels dictates the placement of detection moni~o~ing 

wells. Note in the plan view the placemen~ of well No. 2 is offset 

50 feet from the perimeter of the landfill. l'he horizontal plac.emen~ of 

well No. 2. although not immediately adjacent to the landfill, is 

necessart in order to monitor all potential contaminan~ pathways. :he 

discrete nature of these solution channels dictates that each potential 

pathway be monitored. 

l'he distance between the "floor" and "cei"ling" (vertical extent) 

(heiqht) of the solution channels ranqes from three to six feet directly 

beneath the sinkhole to one foot under the landfill except for the 

40-foot deep cavern. l'his limited vertical distance of the cavities 

allows for a full screened interval in the solution channels. (Note the 

chanqe in orientation of solution channels due to the presence of the 

shell hash layer.) 

2.2 Placement of Upqradient (Background) Monitoring Wells 

The downqradient wells must be designed and installed to immediately 

detect releases of hazardous waste or hazardous waste constituents to the 

uppermost aquifer. l'he upqradient wells must be located and constructed 

to provide representative samples of ground water in the same portion of 

the aquifer monitored by the downqradient wells to permit a comparison of 

ground-water quality (40 CFR 265. Subpart r. 265.92(a)(l)). 
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!here are at least -:hree main questions that the technical :-e-::..ewer 

should ask when reviewing the decisions the owner/operator has made 

regarding the placement of the background monitoring wells: 

• Are the background wells far enough away from waste management 
areas to prevent contamination from the hazardous waste 
management units? 

• Are enough wells installed and screened at appropriate dep-:hs to 
adequately account for spatial variability in background ~ater 
quality? 

• Are well clusters used at sampling locations to pe~it 
comparisons of background ground-water data with downgradient 
ground-water data obtained from the same hydrologic unit? 

By regulation. the owner/operator must install as a minimum one 

background well. However. a facility that uses only one well for 

sampling background water quality may not be able to account for spatial 

variability. It is. in fact. a ve~ unusual circumstance in which only 

one background well will fully characterize background ground-water 

quality. The owner/operator who makes comparisons of background and 

downgradient monitoring well results with data from only one background 

well increases the risk of a false indication of contaminant release. In 

most cases. the owner/operator should install multiple background 

monitoring wells in the uppermost aquifer to account for spatial 

variability in background water quality data. 

The owner/operator should also install enough background monitoring 

wells to allow for depth-discrete comparisons of water quality. !his 

means simply that for downgradient wells completed in a particular 

geologic fo~tion. the owner/operator should install upgradient well(s) 

in the same portion of the aquifer. so that the data can be compared on a 

depth-discrete basis (Figure 2-7). 

Owner/operators should avoid installing background monitoring wells 

that are scr~ened over ~he ent!re thic~~ess of the uppermost aquifer. 
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Screening the entire chickness of the uppermosc aqu1fer will not allow 

the owner/operacor to obtain depch-discre~e water quality data. Instead, 

the owner/operator should use shorter well screens in order to obtain 

dept!:-discrece water quality data. 

=~ order to establish background ground-wacer quality, it 1s 

necessary to properly idencify :!:e ground-water flow direction and place 

wells hydraulically upgradient to the waste management area. Usually, 

this is accomplished by :ocati~g che background ~ells far enough from 

waste management units to avoid contaminacion by che hazardous waste 

management ~its. There are geologic and hydrologic situations for which 

detennination of the hydraulically upgradienc locacion is often 

dif:icult. 7hese cases require further site-specific examination to 

properly position or place background wells. ~zamples of such cases 

incl~de the following: 

• Waste managemenc areas above ground-wacer mounds; 

• Wasce management areas located above aquifers in which 

ground-water flow directions change seasonally; 

• Wasce management areas located close :o a property boundary thac 

is in the upgradient direction; 

• Wasce facilities containing significant amounts of immiscible 

contaminants with densities greater than or less than water; 

• Wasce management facilities located i~ areas where nearby surface 

water can influence ground-water levels (e.g., river floodplains); 

• Waste management facilities located near intermittently or 

continuously ~sed production wells; and 

• Waste management facilities located in Karst areas or faulted 

areas where fault zones may modify flow. 
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MONITORING ~NELL DESIGN AND C8NS'I'RUCTION 

The purpose of this chapter is to examine important aspects of RCRA 

monitoring well design and cons~=uction. Included in this chapter are 

discussions on the following :opics: 

• Drilling me~hods for ~ns~alling wells (Section 3.1); 

• Monitoring well construction ma~erials (Sec~ion 3.2); 

• Design of well intakes (Section 3.3); 

• Development of wells (Section 3.~); 

• documentation of well construction ac~ivity (Section 3.5); 

• Specialized well design (Section 3.6); and 

• Replacement of existing wells (Section 3.7). 

In order to better unders~and proper ground-water monitoring 

procedure, a differentiation between monitoring wells and piezometer 

wells should be made. Moni~oring wells provide for the measurement of 

total well depth, the collec~ion of representative ground-wa~er samples, 

the detection of light- and dense-phase organics, and, under certain 

circumstances, the collection of samples of light- and dense-phase 

organics. Piezometer wells are used to determine static water level, 1n 

addition to establishing horizontal and vertical ground-water flow 

directions. 

3.1 Drillinq Methods 

A variety of well-drilling methods can be used in the installation 

of ground-water monitoring wells. It is important that the drilling 

method or methods used minimize disturbance of subsurface materials and 

not contaminate the subsurface and ground water (40 CFR 265.9l(c)). 

Table 3-1 lists the drilling methods that are most commonly used to 

install wells. The selection of the ac~ual drilling method is, of course, 



TABLE 3-1 

DRILLING METHODS FOR 
VARIOUS TYPES OF GEOLOGIC SETTINGS 

Dr1l11ng 

Air•• Water/Mud Cable Geologic Env1ronment 
Rotary Rotary Tool 

Glac1ated or unconsolidated • • • 
mater1als less than 150 feet 
deep 

Glac1ated or unconsolidated • • • 
mat en a 1 s more than 150 feet 
deeo 

Consolidated rocK formations • • • 
less than 500 feet deep (minimal 
or no fractured formations) 

Consolidated rock formations • • • 
less than 500 feet deep (highly 
fractured formatlons) 

Consolidated rocK ~ormations • • • 
more than 500 feet deep (minimal 
formations) 

Consolidated rock formations • • • 
more than soo feet deep (highly 
fractured format1onsJ 

Above potentiometric surface. 
•* Includes conventional and wireline core drilling. 

NOTE: 

MethQ!l:i 
Hollow-Stem Solid-Stem 
Continuous Cont1nuous 

Auger Auger• 

• • 

Although several methods are suggested as appropriate for sim1lar conditions, one method 
may be more suitable than the others. 
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a function of site-specific geologic conditions. :able 3-l provides an 

interpretation of how geologic conditions may influence the choice of 

drilling method. !he following •sections discuss each drilling method ar.d 

its applicabilit'l to the installation of RCRA monitoring wells. It is 

important to note that regardless of the drilling method selected~ the 

owner/operator is responsible for the drilling equipment and for having it 

decontaminated. !his procedure should be followed before use and between 

borehole locations to prevent c~oss contamination of wells where contamin­

ation has been detected or is suspected from the site characterization 

work that precedes the well installation work. In addition to selecting 

the proper drilling techniques. other precautions to prevent distribution 

of any existing contaminants throughout a borehole should be taken. 

3.1.1 Hollow-Stem Continuous-Flight ~ucer 

!he hollow-stem continuous-flight auger is among the most frequently 

employed tools used in drilling monitoring wells in unconsolidated 

materials. !he drill rigs used for this drilling method are usually 

mobile. fast. and relatively inexpensive to operate. Drilling fluids 

normally are not used. and disturbance to the aquifers of concern is 

minimal. ~uger drilling is usually limited to unconsolidated materials 

and to depths of approximately 150 feet. In formations where the borehole 

will not stand open. the well is const~cted inside the hollow-stem auger 

prior to the auger's removal from the ground. Hollow-stem augers with 

inside diameters of six inches or six and one-quarter inches are readily 

available for this purpose. Generally. the diameter of the well that can 

be const~cted with this type of drill rig is limited to four inches or 

less, although firms now manufacture eight and one-quarter inch inside 

diameter hollow-stem augers and are experimenting with ten and one-quarter 

inch inside diameter hollow-stem augers. !he differential between the 

inner diameter of the auger and the outer diameter of the well casing 

should ideally be at least three to five inches to permit effective 

placement of filter pack and ar~ular sealant. 
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The use of hollow-s~em auger drilling in heaving sand envi=onmer.cs 

also presents some difficulties. However. with care and the use of ?roper 

drilling procedures. this diffi~~lty can be overcome. For example. a 

pos~tive pressure head within the auger stem can be developed by fi::ing 

the auger with clean water. The heaving sands are thus "displaced when a 

knock-out plug (which is part of the auger) is removed. If casing is 

driven. the added outer diametar of the drive shoe must be considered in 

the calculation of sealant and filter pack volume. 

3.1.2 Solid-Stem Continuous-Flicht Auaer 

The use of solid-stem continuous-flight auger drilling techniques 

for monitoring well construction is limited to fine-grained unconsoli­

dated materials that will maintain an open borehole or in consolidated 

sediments. The method is similar to the hollow-stem continuous-flight 

augers except that the augers must be removed from the ground to allow 

insert~on of the well casing and screen. This method is also limited to 

a depth of approximately 150 feet. In areas characterized by less 

competent sediments or soils (i.e., unstable. unable to retain the 

sphericity of the borehole during drilling operations), solid-stem auger 

drilling can be utilized to limited depths. cav:~.ng of the borehole. 

however, is an imposing problem. Another limitation of the solid-stem 

auger is its use belo~ the potentiometric surface. Maintaining the 

integrity of ~~e borehole in the saturated :one is also difficult at 

times. especially in poorly consolidated sediments. Solid-stem auger 

drilling is not used for in-place well construction, whereas hollow-stem 

auger drilling is. Collection of soil or formation samples is 

impractical, and therefore. accurate depiction of site stratigraphy is 

difficult. Solid-stam augers have very limited utility in the boring 

program for site characterization. 

3.1.3 cable Tool 

Cable tool drilling is relati•tely slow but offers many advant:ages 

for :nonitoring -vrell construco;:on in relati·t~ly shallow consolidat:d 

format:ons and unconsolidated fo~tions. The method allows for the 
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collection of excellent fomation samples and detection of even relati·,eli 

fine-grained permeable zones. !he installation of a steel casing as 

drilling progresses also provides an excellent temporary host for the 

construction of a monitoring well once the desired depth is reached. 

Small amounts of water must be added to the hole as drilling 

progresses until the potentiometric: surface is encountered. !he 

owner/operator should onl7 use water that cannot itself contaminate 

formation water. A minimum si~-inc:h diameter drive pipe should be used to 

facilitate the placement of the well casing, screen, and gravel pack. and 

a minimum five-foot long seal should be made prior to beginn~ng the 

removal of the drive pipe. !he drive pipe should be pulled while the 

sealant is still fluid and capable of flowing outward to fill the annular 

space vacated by the drive pipe and shoe. !he drive pipe also should be 

pulled in sections and additior41 sealant added to ensure that a 

satisfac:to~ seal is obtained. Cable tool rigs have generally been 

replaced by rota~ rigs for water well construction in most areas of the 

United States. Therefore, cable tool rigs may not be readily available in 

many regions. 

3.1.4 Air Rota~~ 

Rotary drilling involves the use of circulating fluids, i.e., mud, 

water, or air, to remove the drill cuttings and maintain an open hole as 

drilling progresses. The different types of rota~ drilling methods are 

named according to the type of fluid and the direction of fluid flow. 

Air rotary drilling forces air down the drill pipe and back up the bore 

hole to remove the drill cutti~gs. The use of air rota~/ drilling 

techniques is best suited for use in hard-rock formations. In soft 

unconsolidated formations, casing is driven to keep the formations from 

caving. 

Air rotary drilling can be used without affecting the quality of 

ground water !:'om monitoring ~·rells in hard rock formations with m~nimum 

unconsolidated overburden. :~e successf~l =onstr~ct:ion of monltcr:~g 
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wells using this drilling technique hinges on the bore hole rema~r.ir.g 

open after the air circ~lation ceases. It is an inappropriate me~hod in 

areas where the upper soil horizons are contaminated and sloughing of 

sidewalls would likely result in contamination of the well. !he air from 

the compressor on the rig should be filtered to ensure that oil from the 

compressor is not introduced into the ground-water system to be moni~ored. 

Foam or joint compounds for the drill rods should not be used wi~h alr 

rota~/ drilling because of the potential for introduction of con~aminants 

1nto the hydrogeologic environment. Caution should be taken in using air 

rotary drilling techniques in highly polluted or hazardous environments. 

Contaminated solids and water that are blown out of the hole are difficult 

to contain and may adversely affect the drill crew and observers. ~nen 

air rotary is used. shrouds. canopies, bluooey lines, or directior~1 

pipes should be used to contain and direct the drill cuttings away from 

the drill crew. Any contaminated materials (soil and/or water) should be 

collected and disposed of in an approved waste disposal facility. Cn the 

other hand, air rotary drilling techniques have actually improved safety 

conditions. 

3.1.5 Water Rotarv 

Water rotary drilling involves the introduction of water into the 

borehole through the drill pipe and subsequent circulation of water back 

up the hole to remove drill cuttings. Great care must be taken to ensure 

that water used in the drilling process does not contain contaminants. 

If the driller uses water rotary drilling to install wells. drilling 

water should be analyzed to ensure that it is contaminant-free. 

Generally, except when core drilling in hard rock units. the water 

becomes muddy after a few circulations. 

There are problems associated with the use of water rotary drill­

ing. The recognition of water-bearing zones is hampered by the addition 

of water into the system. Also. in poorly consolidated sediments. the 
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drillers may have a problem with caving of the borehole prior to ins~al­

lation of the screen and casing. In highly f=act~red terrains. it may 

also be hard to maintain water ~i=culation. 

3.1.6 Mud Rotarv 

Mud rotary drilling techniques involve the use of various types of 

drilling muds as the fluid that is introduced into the borehole. The mud 

circulates back up the hole during drilling, carrying away drill cut~ings 

in the same manner as the air and water rotary drilling methods. Muds 

provide the additional benefit of stabilizing the hole. 

There are several types of muds available at present, primarily 

bentonite, barium sulfate, organic polymers, cellulose polymers, and 

polyacrylamides. The owner/operator should provide any chemical data 

regarding potential impacts on water quality. While there are 

hydrogeologic conditions under which mud rota~J drilling is the best 

option, the technical reviewer should make certain that the mud(s) 

utilized do not affect the chemis~ry of ground-water samples, samples 

from the borehole, or the operation of the well. The latter may 

adversely affect the assessment of aquifer characteristics, for example: 

• Bentonite muds reduce the effective perosity of the fo~tion 
around the well. thereby compromising estimates of well recovery. 
Ben~onite may also affec~ local ground-water pH. Additives to 
modulate viscosity and density may also introduce contaminants to 
the system or force large, irrecoverable quantities of mud into 
the formation.-

• Some organic polymers and compounds provide an environment for 
bacterial growth which. in turn. reduces the reliability of 
sampling results. 

3.2 Monitoring Well Construction Materials 

The technical reviewer must ensure that the owner/operator used well 

construction materials that are durable enough to resist chemical and 

physical degradation and do not interfere with the quality of ground-water 

samples. Specific well components that are of concern include Nell 



casings, well screens, filter packs, and annular seals or backfi::s. 

Figure 3-l is a drawing of a typical ground-water monitoring well. :he 

following sections describe var~ous accepeable materials the owner/ 

operator should have used in constructing the well as depicted in 

Figure 3-l. 

3.Z.l Well Casings and Well Screen 

A variety of construction materials have been ~sed for the casings 

and well screens, including virgin fluorocarbon resins (i.e., fluorinated 

ethylene propylene (FEP), polytetrafluoroethylene (PTFE), Teflon~). 

stainless steel (304. 316, or 2205), cast iron. galvanized steel, 

polyvinyl chloride (PVC), polyethylene. epoxy biphenol, and polypropylene. 

Many of these materials. however, may affect the quality of ground-water 

samples and may not have the long-term structural characteristics required 

of RCAA monitoring wells. For example. steel casing deteriorates in 

corrosive environments: PVC deteriorates when in contact with ketones. 

esters. and aromatic hydrocarbons: polyethylene deteriorates in coneact 

with aromatic and halogenated hydrocarbons; and polypropylene deteriorates 

in contact with oxidizing acids, aliphatic hydrocarbons. and aromatic 

hydrocarbons. In addition. steel. PVC. polyethylene. and polypropylene 

may adsorb and leach constituents that may affect the quality of 

ground-water samples. 

The selection of well casing and screen materials should have been 

made with due consideration to geochemistry, anticipated lifetime of the 

monitoring program. well depth. chemical parameters to be monitored and 

other site-specific factors. Fluorocarbon resins or stainless steel 

should be specified for use in the saturated zone when volatile organics 

are to be determined. or may be tested, durinq a 30-year period. In such 

cases. and where high corrosion potential exists or is anticipated. 

fluorocarbon resins are preferable to stainless steel. An example of a 

stainless steel monitoring well is provided in Figure 3-Z. Nat:.onal 

Sanltation Foundation (NSF) or ASTM-approved pol:r.T:.nylchlor:de ( ?VC) ;rell 

cas1.ng and screens may be appropriaee lf on.l.::· ~race metals or ~onvo ~at::..:= 
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o~ganics a~e the con~aminants anticipated. As research demons~rat~s :he 

appropriateness of ·other materials for screens or casing in the sat~rated 

or vadose zones, they may be u~ilized on a site-specific basis. 

Stainless steel, fluoroca~bon resins, or PVC are appropriate casing 

materials in the unsaturated zone. 

Figure 3-3 illustrates the concept of a composite well. Many 

combinations of materials may be employed in a manner consistent with 

this guidance. One combination that should be avoided is the use of 

dissimilar metals, such as s~ainless steel and galvanized steel, without 

an electrically isolating (dielectric) bushing. If such dissimilar 

metals are in direct con~act in the soil, a potential difference is 

created and leads to accelerated corrosion of the galvanized steel (in 

this example). More generically, in the Galvanic se~ies the less noble 

metal becomes the anode to the more noble metal and is cor~oded at an 

accelerated rate. !n well construction, this acceleration in corrosion 

at the point of connection will lead to failure of the construction 

materials and loss of a RCRA monito~ing well. Theoretically, a potential 

difference is created in one type of metal penetrating heterogeneous 

strata. but the diffe~ence in potentials would not be as great. In 

conclusion. a dielectric coupling should be used for connecting 

dissimilar metals in either the saturated or vadose zone. 

!here are two reasons why owners/operators should have selected 

approp~iate well screen and casing materials: 

• ~ong term structural integrity. i.e •• 30 or more years. is 
essential to the collection of unbiased ground-water samples over 
the active life of the facility and post-closure period. 

• Owner/operators of facilities whose Part B or ~st-closure per­
mit application has been called are required under 270.14(c)(4) 
to analyze any plume(s) for Appendix VIII constituents (see the 
RCRA Ground-Water Monitoring Compliance Order Guide. August 
1985). !he remainde~ of facilities must monitor for Appendix VII 
constituents. Well construction mater1als should not bias the 
collect1on and anal7s1s of low concentrations of hazardous 
constituents by reacting with the ground-water samples. 
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Plastic pipe sec~ions must be flush threaded or have the abili~y to 

be connected by anocher mechanical method that does not introduce 

contaminants such as glue or solvents into the well. Also. monitoring 

wells must be structurally sound in order to withstand vigorous well 

development procedures. Well casings and screens should be steam cleaned 

prior to emplacement to ensure that all oils, greases. and waxes have been 

removed. Because of the softness of casir.gs and screens made of 

fluorocarbon resins, these materials should be detergent-washed. r.oc 

steamoooeleaned. prior to installaclon. 

Ihe owner/operator should normally use well casing with either a 

two-inch or four-inch inside diameter. Larger casing diameters. however. 

may be necessary where dedicated purging or sampling equipmenc is used or 

where the well is screened in a deep formation. 

!he installation of a sump (sampling cup device) at the bottom of 

a monitoring well (Figure 3-l) is recommended. !he sump will aid in 

collecting fine-grain sediments and result in prolonging the operating 

life of the screen. An extra benefit of using a sump is its ability to 

capture inte~ittent dense-phase contaminants for analysis. In :ones 

composed of fine-grained material (clays and silts) where turbidity may be 

problematic, the decision flow chart (Figure 3-4) for turb.id ground-water 

samples should be consulted to evaluate well construction and development. 

3.2.2 Monitorir.a Well Filter Pack and Annular Sealant 

!he materials used to construct the filter pack should be chemically 

inert (e.g., clean quart: sand. silica, or glass beads), well rounded, and 

dimensionally stable (see Section 3.3 for more detail on well intake 

design). Fabric filters should not be used as filter pack materials. 

Natural gravel packs are acceptable, provided that the owner/operator 

conducts a sieve analysis to establish the appropriate well screen slot 

size and dete~ine chemical inertness of the filter pack materials in 

anticipated environments. 
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!he materials used to seal the annular space ~us~ preven~ :he 

migration of con~aminan~s :o the sampling zone f~om the surface or 

intermediate zones and prevent cross contamination between strata. :he 

materials should be chemically compatible with the anticipated waste to 

ensure seal integrity during the life of the monitoring well and 

chemically inert so they do not affect the qualit7 of the ground-water 

samples. !he permeabilit7 of the sealants should be one to two orders of 

magnitude less than the surrounding formation. Figure 3-1 illustrates an 

appropriate distribution of annular sealants. An example of an 

appropriate use of annular sealant material is using a minimum of two 

feet of certified sodium bentonite pellets immediately over the filter 

pack when in a saturated zone. !he pellets are most appropriate in a 

saturated zone because they will penetrate the column of water to create 

an effective seal. Coarse grit sodium bentonite is likely to hydrate and 

bridge before reaching the filter pack. A cement and bentonite mixture. 

bentonite chips, or antishrink cement mixtures should be used as the 

annular sealant in the unsaturated zone above the certified-bentonite 

pellet seal and below the frost line. Again, the appropriate clay must 

be selected on the basis of the environment in which it is to be used. 

In most cases, sodium bentonite is appropriate. !he addition of 

bentonite to the cement admixture should generally be in the amount of 2 

to 5 percent by weight of cement content. !his will aid in reducing 

shrinkage and control time of setting. Calcium bentonite may be more 

appropriate in calcic sediments/soils due to reduced cation exchange 

potential. Clays should be pure, i.e., free of additives that may affect 

ground-water quality. From below the frost line, the cap should be 

composed of concrete blending into a four-inch thick apron extending 

three feet or more from the outer edge of the borehole. 

The untreated sodium bentonite seal should be placed around the 

casing either by dropping it directly down the borehole or. if a hollow­

stem auger is used, putting the bentonite between the casing and the 

inside of the auger s~em. 3oth of these methods present a potantial. for 
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b~idging. In shallow monito~ing wells, a tamping de~ice should be usee 

to ~educe this potential. In deeper wells. it may be necessa~7 to pou~ 

a small amount of formation watir down the casing to wash the bentonite 

down the hole. In eithe~ case, a spacing differential of 3 to 5 inches 

should exist between the outer diameter of the casing and the inner 

diameter of the·auger o~ the surface of the borehole to facilitate 

emplacemen~ of filter pack and annular sealants. Moreover, the precise 

volume of filter pack and sealant ~equired should be calculated to 

establish their correct subsurface distribution. The actual volume of 

materials used should be determined during well const~ction. 

Discrepancies between calculated volumes and volumes used require 

explanation. 

The cement-bentonite mixture should be p~epared using clean water 

and ~laced in the borehole using a tremie pipe. The tremie method 

ensures good sealing of the bo~ehole from the bottom. 

The remaining annular space should be sealed with expanding cement 

to provide for security and an adequate surface seals. Locating the 

interface between the cement and bentonite-cement mixture below the frost 

line serves to protect the well from damage due to frost heaving. The 

cement should be placed in the borehole using the tremie method. 

Upon completion of the well, installation of a suitable threaded o~ 

flanged cap or comp~ession seal should be placed or locked in properly to 

p~event either tampering with the well or the entrance of foreign 

material into it (Figure 3-2). A one-qua~er inch vent hole pipe 

provides an avenue for the escape of gas. Placement of concrete or steel 

bumper guards around the well will prevent external damage by a vehicular 

collision with the exposed casing. 

3.3 Well Intake Design 

The owner/ope~ator should have designed and const~cted the intake 

of the monito~ing wells to (1) allow sufficient g~ound-wate~ flow to :he 

~~ll :o~ sampling; <Z> m1nim1:e :he passage of formation mate~ials 
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~XECUTIVE REPORT 
Special News Supplement For Our Regular Subscribers 

DOWN-THE-HOLE 

Continuous Slot Screens 
The continuous-slot screen is the dominant type 

used in the water well industry. It's made by winding 
cold-rolled wire, approximately triangular in cross­
section, around a circular array of longitudinal rods. 
The wire is welded to the rods, producing a rigid one­
piece unit with high strength at minimal weight. 

Welded screens are commonly fabricated from Type 
304 and Type 316 stainless steel, monel, galvanized or 
ungalvanized low-carbon steel and thermoplastic 
materials, usually PVC and ABS or their alloys. 

Slot openings are manufactured by spacing succes­
sive coils of the outer wire to produce the desired slot 
size. The screens are typically fabricated in slot sizes 
from .006 to .250 inches. Most high-quality screen 
manufacturers are concerned with slot variation be­
cause sand pumping problems may occur if too many 
slots are significantly oversized. Slot quality is usual­
ly checked by comparing the designated size versus 
the average finished size. 

Slot openings are designated by numbers corre­
sponding to the width of the openings in thousandths 
of an inch. A number 10 slot, for example, is an open­
ing of 10 thousandths of an inch. Slot sizes can also be 
expressed in metric terms. For small-diameter screens 
covered with wire mesh, the number of openings per 
inch in the mesh is designated by gauze numbers. 

Individual slot sizes on continuous-slot screens can 
be varied during fabrication. A single section of 
screen can be made with many different slot sizes if 
geologic conditions require it. This enables the maxi­
mum use of hydraulic conductivity of each stratum. 

No-Clog Screens 
Slot openings are V-shaped. The openings are de­

signed to be non-clogging and are narrowest at the 
outer face. Because they widen inwardly, they allow 
only two-point contact between grains larger than the 
slot size and the slot surface. Sand grains that pass 
through the narrow outer part of the V-shaped open­
ing enter the screen without wedging. 

Continuous-slot screens provide more intake area ·· 
per unit area of screen surface than any other type. 
For any given slot size, this type of screen has maxi­
mum open area. For best well efficiency, the percent­
age of open area in the screen should be the same as, 

JUNE 1991 GROUND WATER AGE 

or greater than, the average porosity of the aquifer 
material. Continuous-slot screens often exceed the 
open area oi the natural aquifer material except 
where unusually small openings must be used to 
control fine sand. 

Water flows more freely through a screen with a 
large intake area compared to one with a limited 
open area. The entrance velocity through the large in­
take area is low, so head loss for the screen as a whole 
is at a minimum. This minimizes drawdown. 

Screens with large open areas and low entrance ve­
locities are less subject to encrustation because the 
pressure drop that occurs in the water as it moves 
into the screen is minimal. Large open a.!"ea also re­
duces the ability of corrosive water to attack screen 
openings. 

Development 
The characteristics of continuous V-shaped slot 

openings are vital to the successful development and 
completion of a screened well. Any development 
method depends on having smaller-sized sand and 
silt particles pass through the screen openings, which 
must be non-clogging and closely spaced. Develop­
ment is most effective when the screen openings are 
evenly spaced around the circumference of the 
screen, the open area is as large as possible and tht 
configuration of the slot openings allows develop­
ment energy to reach the formation. 

The total cost of well operation also depends in part 
on the total open area of a screen .. In most geologic 
formations, drawdown is a function o_f open area -
the lower the open area, the greater the drawdown for 
a certain yield. Lifting water to the surface is usually 
the largest cost factor in well operation. In general, 
continuous-slot screens have the largest open areas 
and thus the lowest drawdown during pumping. 
Usually the higher cost of continuous-slot, high open­
area screens can be recouped in one to three years. 
Over the life of a well, the savings may amount to 
$50,000 or more in reduced power consumption. ::J 

Adapted wzth pennission from Groundwater and Wells, sec­
ond edition, published by Johnson Division, St. Paul, MN . . . 
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-....,~, (turbidity) into the well; and (3) ensure sufficien't structural in'tegrit7 

to prevent the collapse of the intake structure. 
I 

For wells completed in unconsolidated materials. the intake of a 

monitoring well should consis~ of a screen or slotted casing with 

openings sized to ensure that fo~ational material is prohibited from 

passing through the well during development. Extraneous fine-grained 

ma~erial (clays and si:~s) that has been dislodged during drilling ~ay be 

left on the screen and the water in the well. These fines should be 

removed from the screen and filter pack during development of the well. 

The owner/operator should use commercially manufactured screens or 

slotted casings. Field slotting of screens should not be allowed. 

The annular space between the face of the formation and the screen 

or slotted casing should be filled to minimize passage of fo~ation 

materials into the well. The driller should therefore install a filter 

pack in each monitoring well that is constructed on site. Furthe~ore. in 

order to ensure discrete sample horizons, the filter pack should extend 

no more than two feet above the well screen as illustrated in Figure 3-l. 

3.4 Well Develocment 

After the owner/operator completed constructing monitoring wells. 

natural hydraulic conductivity of the fo~tion should have been restored 

and all foreign sediment removed to ensure turbid-free ground-water 

samples. 

A variety of techniques are available for developing a well. To be 

effective, they require reversals or surges in flow to avoid bridging by 

particles. which is common when flow is continuous in one direction. 

These reversals or surges can be created by using surge blocks, bailers. 

or pumps. Formation water should be used for surging the well. In low­

yielding water-bearing formations. an outside source of water may 

sometimes be introduced into the well to facilitate development. In 
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these cases, this water should be chemically analy~ed to evaluate i~s 

potential impact on in-situ water quality. The driller should no~ have 

used air to develop the wells. ,All developing equipment should have been 

decontaminated prior to use as should have the materials of constr~ction. 

The owner/operator should have developed wells to be cla7- and 

silt-free. If. after development of the well is complete, it continues 

to yield turbid ground-wa~er samples. the owner/operator should follow 

the procedure described in Figure 3-4. The recommended acceptance/ 

reJeCtion value of five nephelometric turbidity units (N.T.U.) is based 

on the need to minimize biochemical activity and possible interference 

with ground-water sample quality. The same criteria applies to turbidity 

measurements expressed in other units such as the formazin turbidity unit 

(F.:.U.) or Jackson turbidity unit (J.T.U.). 

One should determine the relative hydraulic conductivity of 

different layers within the aquifer in which the screen is placed (the 

transmissivity/pumping test method is recommended). Using this 

information along with pH. temperature measurements and mean seasonal 

flow rates. one should evaluate the initial performance of the well and 

use these values for periodic redevelopment and maintenance assessments. 

3.5 Documentation of Well Design and Construction 

In the context of a compliance order. the technical reviewer should 

require the owner/operator to compile information on the design and 

construction of wells. Such information may include: 

• Date/time of construction 

• Drilling method and drilling fluid used 

• Well location<! 0.5 ft.) 

• Bore hole diameter and well casing diameter 

.• Well depth<! 0.1 ft.) 

• Drilling and lithologic logs 

• Casing materials 
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• Screen materials and design 

• casing and screen joint type 

• Screen slot size/length, 

• Filter pack material/size, grain analysis (010) 

• Filter pack volume calculations 

• Filter pack placement method 

• Sealant materials (percent bentonite) 

• Sealant volume (lbs/gallon of cement) 

• Sealant placement method 

• Surface seal design/construction 

• Well development procedure 

• !ype of protec~ive well cap 

• Ground surface elevation(! 0.01 ft.) 

• Surveyor's pin elevation<! 0.01 ft.) on concrete apron 

• !op of monitoring well casing elevation(! 0.01 ft.) 

• !op of protective steel casing elevation<! 0.01 ft.) 

• Detailed drawing of well (include dimensions) 

3.6 Specialized Well Designs 

!here are two cases where owners/operators should use special 

monitoring well designs: 

• Where the owner/operator has chosen to use dedicated pumps to 
draw ground-water samples; and 

• Where light and/or dense-phase immiscibles may be present. 

If the owner/operator elected to use a dedicated system, it should 

be a fluorocarbon resin or stainless steel bailer, or a dedicated positive 

gas displacement bladder pump composed of the same two materials. AS 

other sampling devices that can perform at least equivalently become 

available, they may be employed as well. 

!he introduction of this pump. however, necessitates certain changes 

in the well cross section depicted in Figure 3-1. Figure 3-5 represents 
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an appropriate cross section of a well that uses a dedicated posai·:e gas 

displacement bladder pump as the sampling device/well evacuation dev1ce. 

!he principal change is the addition of a two-inch diameter pump with 

fluorocarbon resin outlet tubing to the well. A four-inch interior 

diameter outer well casing should easily accommodate this additiona~ 

equipment. However. should a larger pump (e.g •• three inches in 

diameter) be required because of greater well depth or yield. a larger 

outer casinq may prove necessary (six-inch inside diameter). The p~p 

should be positioned m~dway along the screened interval. and the top of 

its outlet pipe should extend into the well cap as depicted in Figure 3-~ 

If light and dense-phase immiscible layers are presumed to be 

present. the owner/ operator must obtain discrete samples of them. The 

well system should have been designed to allow sampling of both light and 

dense phases by using a well screen that extends from above the 

potentiometric surface to the lower confining layer. Where well clusters 

are employed. one well in the cluster may be screened at horizons where 

floaters are expected (e.g •• potentiometric surface. Figure 3-5). another 

at horizons where dense phases are expected (e.g .• aquifer/aquiclude 

interface. Figure 3-6). and others within other portions of the uppermost 

aquifer. 

A periodic check of the dedicated sampling system should be 

exercised to prevent damage and maximize efficiency. !his inspection 

should include removal of samples for verification of proper function. 

!he design of the dedicated sampling system should also allow access for 

regular testing of aquifer characteristics. It is also recommended that 

the well be periodically resurveyed using the protective casing and apron 

(constructed to specific dimensions, Figure 3-l) as points of reference. 

An option that can be exercised in constructing a monitoring well (e.g •• 

dedicated sampler) is the use of fine sand at the top of the filter pack 

to reduce or minimize invasion. 
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3. 7 Evaluation of E::{isting ;.lells 

The technical reviewer mus~ decide whether wells--as designed and 

constructed--allow for the collection of representative ground-water 

samples. !here are two situations the technical reviewer may encounter: 

(l) where existing wells produce consistently turbid samples. i.e .• 

greater than 5 N.T.U. (F.!.U. or J.!.U. depending on the method used), 

and (2) where the owner/operator can produce little or no documen~ation 

on how the wells were designed and installed. 

Wells with turbidity or lack of info~tion on well desi~ and con­

struc~ion may prompt the tecr~ical reviewer to order the owner/operator 

to replace monitoring wells. In other, less obvious, cases the technical 

reviewer must use best judgment in deciding when to order an owner/operator 

to replace wells. !he technical reviewer must decide whether the owner/ 

operator's wells-as built--allow the sampler to collect representa:.i•:e 

ground-water samples (40 CFR 265.9l(a)). ~his may not be an easy ;udgment 

to make. In cases where it is not clear whether the wells can produce 

representative ground-water samples. the technical reviewer may consider 

requiring the owner/operator to conduct a field demonstration. !his 

demonstration would involve the installation of new well(s) near existing 

wells. !he owner/operator would sample and analy:e for the same se: of 

parameters in both wells. If parameter values are comparable, the 

technical reviewer should assume the owner/operator's existing wells are 

producing representative samples. The field demonstration for existing 

and new wells will be extremely difficult to evaluate in practice. 

Differences in construction may or may not manifest themselves during the 

field test. !he results may lead to false conclusions in view of the 

normal variabilities inherent in water quality parameters or sampling 

which may be attributed to differences between old and new wells. 

Similarly, differences in well construction. development, etc .• that can 

never be duplicated may also result in negative or positive biases due to 
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causes other than well construction. When such situations arise, the 

wells should be decommissioned, sealed, and ~eplaced. Where the only 

question is whether or not the ~ell casing material is negatively 

affecting the chemical quality of the ground-water samples. a side-by-side 

comparison at selected wells should be undertaken using stainless steel or 

one of the fluorocarbon resins. If analysis results are comparable. then 

it is likely that chemical bias is not a major issue at the time of the 

test. 

Once wells have been properly designed and constructed. an appro­

priate sampling and analysis plan must be developed and implemented. 

These procedures are discussed in Chapter Four. 
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CP~PTER FOUR 

SAMPL:~G AND ANALYSIS 

Federal regulation 40 CFR Part 265. Subpart F. Section 265.92. 

requires the owner/operator to prepare and implement a written 

ground-water sampling and analysis (S&A) plan. This plan must include 

procedures and techniques for sample collection. sample preser~ation and 

shipment. analytical procedures. and chain-of-custody control. The ?:an 

is an important document. It allows the technical reviewer to thoroughly 

review how the owner/operator has structured the S&A program. Also. 

comparison of the written plan to field activities will allow the 

technical reviewer to ensure the owner/operator is. in fact. following 

his plan while collecting and analyzing ground-water samples. The 

purpose of this chapter is to describe important elements of written S&A 

plans and to discuss the level of detail that owner/operators should 

include in their plans. 

EPA has observed a number of problems in the way in which owner/ 

operators prepare their S&A plans or implement their S&A programs. Some 

of the more common problems are listed below. 

• Owner/operators have not prepared S&A plans or do not keep plans 
on site. 

• Plans contain very little information or do not adequately 
describe the S&A program that the owner/operator is employing at 
his facility. 

• Field sampling personnel are not following the written plan or 
are not even aware that it exists. 

• Improper well evacuation techniques are used. 

• Sampling equipment is used that may alter chemical constituents 
in ground water. 

• Sampling techniques are used that may alter chemical composicion 
of samples. particularly in regard to stripping of 7olatile 
organ~c compounds in samples. 
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• Facility personnel are not using field blanks, chemical 
standards, and chemically spiked samples to ~dentlfy changes in 

sample quality after collection. 

• Field personnel do not properly clean nondedicated sampling 

equipment after use. 

• Field personnel are placing sampling equipment (rope, bailer, 
tubing) on the ground where it can become contaminated prior to 

use. 

• Field personnel do not document their field activities adequately 

(e.g .• keep sampling logs). 

• Field personnel are not following proper chain-of-custody 
procedures. 

• ~ittle attention is paid to data reporting errors or anomalies. 

• QA/QC protocol is inadequate (field and/or laboratory). 

!his chapter describes impor~ant elements in S&A plans (Section ~.l), 

and then discusses the level of detail the owner/operator should include 

(Sections 4.2 through 4.6). Furthermore. this chapter describes important 

aspects of evaluating the field implementation of S&A plans (Sections 4.2 

through 4.6). Section 4.7 describes how technical reviewers may examine 

ground-water data to identify problems in the way owner/operators 

acquire, process. and evaluate data. 

4.1 Elements of Samolinq and ~lvsis Plans 

!he owner/operator's S&A plan should, at a minimum. address a number . 
of elements. Specifically. the S&A plan should include information on: 

• Sample collection (Section 4.2); 

• Sample preservation and handling (Section 4.3); 

• Chain-of-custody control (Section 4.4); 

• ~lytical procedures (Section 4.5); and 

• Field and laboratory quality assurance/quality control 
(Section 4.6). 
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4.2 Samole Collection 

4.2.1 Measurement of Sta:ic Water Level Elevacion 

The sampling and analysis plan should include provisions for 

measurement of static water ele•1ations in each well prior to each 

sampling event. Collection of water elevation on a continuing basis is 

important to determine if horizontal and vertical flow gradients have 

changed since initial site characterization. A change in hydrologic 

conditions may necessitate modification to the design of the owner/ 

operator's ground-water monitoring system. The S&A plan should specify 

the device to be used for water level measurements, as well as the 

procedure for measuring wa~er levels. 

The owner/operator's field measurements should include depth to 

standing wa~er and to~al depth of the well to the bottom of the incake 

screen structure. This information is required to calculate the volume 

of s~agnant water in the well and provide a check on the integrity of the 

well (e.g., identify siltation problems). The measurements should be 

taken to O.Ol foot. Each well should have a permanent, easily identified 

reference point from which its water level measurement is taken. The 

reference points should be es~ablished by a licensed surveyor and 

typically located and marked at the top of the well casing with locking 

cap removed or on the apron. and. where applicable, the protective 

casing. The references points should be established in relation to an 

established National Geodetic Vertical Datum (NGVD). In remote areas, a 

temporary benchmark should be established to facilitate resurveying. The 

reference point should be established in relation to an established NGVD. 

and the survey should also note the well location coordinates and the 

coordinates of any temporary benchmarks. '!he device used to detect the 

water level surface must be sufficiently sensitive so that a measurement 

to +O.Ol foot can be obtained reliably. A steel tape will usually 

suffice; however. it is recommended that an electronic device (e.g., 
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M-Scope) be used to measure depth to the sur!ace of the ground water or 

light phase immiscibles. Whenever nondedicated equipment is used, 

procedures need to be institute~ to ensure that the sample is not 

contaminated. Equipment should be constructed of inert materials and 

decontaminated prior to use at. another well. 

4.2.2 Detection of Immiscible t.ayers 

!he S&A plan should include provisions !or detecting immiscible 

contaminants (i.e .• "floaters" and "sinkers") where they would not be 

detected in an aqueous phase if the owner/operator manages wastes of this 

type at his facility, "Floaters" are those relatively insoluble organic 

liquids that are less dense than water and which spread across the 

potentiometric surface. "Sinkers" are those relatively insoluble organic 

liquids .that are more dense than water and tend to migrate vertically 

through the sand and gravel aquifers to the underlying confining layer. 

!he detection of these immiscible layers requires specialized equipment 

that must be used before the well is evacuated for conventional 

sampling. !he S&A plan should specify the device to be used to detect 

light phases and dense phases, as well as the procedures to be used for 

detecting and sampling these contaminants. 

Owner/operators should follow the procedures below for detecting the 

presence of light and/or dense phase immiscible organic layers. These 

procedures should be undertaken before the well is evacuated for 

conventional sampling: 

l. Remove the locking and protective caps. 

2. Sample the air in the well head for organic vapors using either 

a photoionization analyzer or an organic vapor analyzer. and 
record measurements. 

3. Determine the s~atic liquid level using a manometer and record 
the depth. 

~. Lower an interface probe into the well to dete~ine the 
-:::ustence of any 1mm1scible la:-·er( s). light and/or dense. 
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The air above the well head should be monitored in order :o determ~ne 

the poten~ial for fire, explosion, and/or toxic effects on workers. This 

test also serves as a first ind~cation of the presence of light phase 

immiscible organics. A manometer or acousti=al sounder (for very shallow 

wells) will provide an accurate reading of the depth to the surface of 

the liquid in the well, but neither are capable of differentiating 

between the potentiometric surface and the surface of an immiscible 

layer. Nonetheless. it is very useful to determine that surface depth 

first to guide the lowering of the interface probe. The interface probe 

serves two related purposes. First, as it is lowered into the well. the 

probe.registers when it is exposed to an organic liquid and thus 

identifies the presence of immiscible layers. Careful recording of the 

depths of the air/floater and floater/water interfaces establishes a 

measurement of the thickness of the light phase immiscible layer. 

Secondly. after passing through the light phase immiscible layer, the 

probe indicates the depth to the water level. The presence of floaters 

precludes the exclusive use of sounders to make a determination of static 

water level. Dense phase immiscible layers are detected by lowering the 

device to the bottom of the well where, again. the interface probe 

registers the presence of organic liquids. 

!he approach to collecting light phase immiscibles is dependent on 

the depth to the surface of the floating layer and the thickness of that 

layer. The immiscible phase must be collected prior to any purging 

activities. If the thickness of this phase is 2 feet or greater. a 

bottom valve bailer is the equipment of choice. The bailer should be 

lowered slowly until contact is made with the surface of the immiscible 

phase. and lowered to a depth less than that of the immiscible/water 

interface depth as determined by preliminary measure with the interface 

probe. 

When the thickness of the floating layer is less than 2 feet. but 

the depth to the surface of the floating layer is less than 25 feet, a 

peristaltic pump can be used to ''•1acuum" a sample. 
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When the thickness of the floating layer is less than 2 feet and the 

depth to the surface of the floating layer is beyond the effec~ive 

"reach" of a peristaltic pump (g~eater than 25 feet), a bailer must be 

modified to allow filling only from the top. Sampling personnel should 

disassemble the bottom check valve of the bailer and insert a piece of 

2-inch diameter fluorocarbon resin sheet between the ball and ball seat. 

!his will seal off the bottom valve. !he ball from the top check valve 

should be removed to allow the sample to enter from the top. !he 

buoyancy that occurs when the bailer is lowered into the floater can be 

overcome by placing a length of l~inch stainless steel pipe (304, 316, 

2205) on the retrieval line above the bailer (this pipe may have to be 

notched to allow sample ent~ if the pipe remains within the top of the 

bailer). The device should be lowered carefully, measuring the depth to 

the surface of the floating layer, until the top of the bailer is level 

with the top of the floating layer. !he bailer should be lowered an 

additional one-half thickness of the floating layer and the sample 

collected. !his technique is the most effective method of .. collection if 

the floating phase is only a few inches thick. 

!he best method for collecting dense phase immiscibles is to use a 

double check valve bailer. !he key to sample collection is controlled, 

slow lowering (and raising) of the bailer to the bottom of the well. !he 

dense phase must be collected prior to any purging activities. 

4.2.3 Well Evacuation 

!he water standing in a well prior to sampling may not be 

representative of in-situ ground-water quality. Therefore, the 

owner/operator should remove the standing water in the well and filter 

pack so that formation water can replace the stagnant water. !he 

owner/operator's S&A plan should include detailed. step-by-step 

procedures for evacuating wells. !he equipment the owner/operator plans 

to use to evacuate wells should also be described. 
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!he owner/operaeor's evacuation procecure should ensure that all 

stagnant water is replaced by f=esh formation waeer upon comp:etion of 

the process. !he owner/operato~·'s approach should allow drawing the 

water down from above the screen in the uppe~ost part of the water 

column in high yield formations to ensure that fresh water from the 

formation will move upward in the screen. In low-yield formations, water 

should be purged so that it is removed from the bottom of the screened 

interval. 

!he procedure the owner/operator should use for well evacuation 

depends on the hydraulic yield characteristics of the well. When 

evacuating low-yield wells (wells that are incapable of yielding three 

casing volumes), the owner/operator should evacuate wells to dryness 

once. As soon as the well recovers sufficiently, the first sample should 

be tested for pH. temperature. and specific conductance. Samples should 

then be collected and containerized in the order of the parameters' 

volatilization sensitivity. !he well should be retested for pH. 

temperature. and specific conductance after sampling as a measure of 

purging efficiency and as a check on the stability of the water samples 

over time. Whenever full recovery exceeds two hours. the owner/operator 

should extract the sample as soon as sufficient volume is available for a 

sample for each parameter. At no time should an owner/operator pump a 

well to dryness if the recharge rate causes the formation water to 

vigorously cascade down the sides of the screen and cause an accelerated 

loss of volatiles. !he owner/operator should anticipate this problem and 

purge three casing volumes from the well at a rate that does not cause 

recharge water to be excessively agitated. For higher yielding wells, 

the owner/operator should evacuate three casing volumes prior to sampling. 

In order to minimize the introduction of contamination into the 

well positive-gas-displacement, fluorocarbon resin bladder pumps are 

recommended for purging wells. Fluorocarbon resin or stainless steel 

bailers are also recommended 9urging equipment. Where these devices 
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canno~ be used. pe~istaltic pumps. gas-lift pumps. cent~ifugal pumps. and 

venturi pumps may be used. Some of these pumps cause volatilization and 

produce high pressure differentials. which result in variability in the 

analysis of pH. specific conductance. metals. and volatile organic 

samples. They are. however, acceptable for purging the wells if 

sufficient time is allowed to let the water stabilize prior to sampling. 

When purging equipment mus~ be reused. it should be decontaminated. 

following the same procedures ~equired for the sampling equipment. Clean 

gloves should be worn by the sampling personnel. Measures should be 

taken to prevent surface soils from coming in contact with the purging 

equipment and lines. which in turn could introduce contaminants to the 

well. Purged water should be collected and screened with photoionization 

or organic vapor anal~ers. pH. ~emperature. and conductivity meters. 

these parameters and facility background data suggest that the water is 

hazardous. it should be drummed and disposed of properly. 

~.2.4 Sample Withdrawal 

The technique used to withdraw a ground-water sample from a well 

should be selected based on a consideration of the parameters to be 

anal~ed in the sample. To ensure the ground-water sample is represen­

tative of the formation. it is important to minimize physically altering 

or chemically contaminating the sample during the withdrawal process. In 

order to minimize the possibility of sample contamination. the 

owner/operator should: 

• Use only fluorocarbon resin or stainless steel sampling devices. 
and 

• Use dedicated samplers for each well. (If a dedicated sampler lS 

not available for each well, the owner/operator should thoroughly 
clean the sampler between sampling events. and should take blanks 
and analyze them to ensure cross-contamination has not occurred.) 

The S&A plan should specify the order in which samples are to be 

collected. Samples should be collected and con~aineri:ed in the orde~ of 
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the volatilization sensitivity of the parameters. A preferred collec~ion 

order for some common ground-wat:er parameters follows:. 

• 
• 
• 
• 

Volatile organics (VOAl 

Purgeable organic carbon (POC) 

Purgeable organic halogens (POX) 

Total organic halogens (~OX) 

• Total organic carbon (~OC) 

• Extractable organics 

• Total metals 

• Dissolved metals 

• Phenols 

• Cyanide 

• Sulfate and chloride 

• Turbidity 

• Nitrate and ammonia 

• Radionuclides 

Temperature. pH. and specific conductance measurements should be 

made in the field before and after sample collection as a check on the 

stability of the water sampled over time. The S&A plan should also 

specify in detail the devices the owner/operator will use for sample 

withdrawal. !he plan should stat:e that devices are either dedicated to 

a specific well or are capable of being fully disassembled and cleaned 

between sampling events. Procedures for cleaning the sampling equipment 

should be included in the plan. AnY special sampling procedures that the 

owner/operator must use to obtain samples for a particular constituent 

(e.g., !OX or TOC) should also be described 1n the plan. 

Equipment and procedures that minimize sample agitation and 

reduce/eliminate cont:act with the atmosphere during sample transfer must 

be used. When used properly, the following are acceptable sampling 

devices for all parameters: 
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• Gas-operated. fluorocarbon resin or stainless steel squeeze ;ump 
(also referred to as a bladder pump with adjustable flow con~=ol); 

• Bailer (fluorocarbon re~·in or stainless steel), provided it is 
equipped with double check valves and bottom emptying device; 

• Syringe bailer (stainless steel or fluorocarbon resin); and 

• Single check valve fluorocarbon resin or stainless steel bailer. 

Sampling equipment should be constructed of inert material. Equipmen~ 

with neoprene fittings, PVC bailers, tygon tubing, silicon ~ber 

bladders. neoprene impellers, polye~hylene. and viton is not acceptable. 

If the owner/operator is using bailers. an inert cable/chain (e.g., 

fluorocarbon resin-coated wire, single strand stainless steel wire) 

should be used to raise and lower the bailer. 

While in the field. the technical reviewer should observe the 

owner/operator's sampling technique to ensure that the owner/operator 

satisfies the following: 

• Positive gas displacement bladder pumps should be operated in a 
continuous manner so that they do not produce pulsating samples 
that are aerated in the return tube or upon discharge. 

• Check valves should be designed and inspected to assure that 
fouling problems do not reduce delivery capabilities or result in 
aeration of the sample. 

• Sampling equipment (e.g •• especially bailers) should never be 
dropped into the well. because this will cause degassing of the 
water upon impact. 

• The contents should be transferred to a sample container in a way 
that will minimize agitation and aeration. 

• Clean sampling equipment should not be placed directly on the 
ground or other contaminated surfaces prior to insertion into the 
well. 

When dedicated equipment is not used for samplinq (or well 

evacuation), the owner/operator's sampling plan should include procedures 

-106-



OSWER-9950.1 

for disassembly and cleaning of equipment ~efore each use. If the 

constituents of interest are inorganic, the equipment should be cleaned 

with a nonphosphate detergentls?ap mixture. !he first rinse should be a 

dilute (0.1 N) hydrochloric acid or nitric acid. followed by a rinse of 

tap water and finally Type II reagent grade water. Dilute hydrochloric 

acid is generally preferred to nitric acid when cleaning stainless steel 

because nitric acid may oxidize stainless steel. When organics are the 

constituents of concern. the owner/operator should wash equipment with a 

nonphosphate detergent and rinse with tap water. distilled water, 

acetone, and pesticide-quality hexane. in that order. !he sampling 

equipment should be thoroughly dried before use to ensure that the 

residual cleaning agents (e.g., HCl) are not carried over to the sample. 

The owner/operator should sample background wells first and then proceed 

to downgradient wells. 

When collecting samples where volatile constituents or gases are of 

interest using a positive gas displacement bladder pump. pumping rates 

should not exceed 100 milliliters/minute. Higher rates can increase the 

loss of volatile constituents and can cause fluctuation in pH and pH­

sensitive analytes. Once the portions of the sample reserved for the 

analysis of volatile components have been collected, the owner/operator 

may use higher pumping rate, particularly if a large sample volume must 

be collected. The sampling flow rate should not exceed the flow rate 

used while purging. 

4.2.5 In-Situ or Field Analyses 

Several constituents of the parameters being evaluated are 

physically or chemically unstable and must be tested either in the 

borehole using a probe (in-situ) or immediately after collection using a 

field test kit. Examples of unstable elements or properties include pH, 

redox potential, chlorine, dissolved oxygen, and temperature. Although 

specific conductivity (analogous to electrical resistance) of a substance 
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is relatively stable, it is recommended that this characteristic be 

determined in the field. ~ost conductivity instr~ents require 

temperature compensation; there~ore, the temperature of the samples 

should be measured at the time conductivity is dete~ined. If the 

owner/operator uses probes (pH electrode, specific ion electrode, 

thermistor) to measure any of the above properties. it is important that 

this is done on water samples taken after well evacuation and after any 

samples for chemical analysis have been collected, so that the poten~ial 

for probe(s) to contaminate a sample designated for laborato~ analysis 

is minimized. Monitoring probes should not be placed in shipping 

conta~ners containing ground-water samples for laborato~ analysis. 

!he owner/operator should complete the calibration of any in-situ 

monitoring equipment or field-test probes and kits at the beginning of 

each use, according to the manufacturers' specifica~ions and consistent 

with Test Methods for Evaluating Solid Waste - Phvsical/Chemical Methods 

(SW-846), 2nd Edition. 1962. 

4.3 Sample Preservation and Handling 

Many of the chemical constituents and physiochemical parameters that 

are to be measured or evaluated in ground-water monitoring programs are 

not ~~emically stable, and therefore sample preservation is required. 

Test ~ethods for Evaluatina Solid Waste - ?hvsical/Chemical Methods 

(SW-846) includes a discussion by analyte of the appropriate sample 

preservation procedures. rn addition. SW-646 specifies the sample 

containers that the owner/operator should use for each constituent or 

common set of parameters. The owner/operator should identify in the S&A 

plan what preservation methods and sample containers will be employed. 

Each sampling and analysis plan should also detail all procedures and 

techniques for transferring the samples to either a field or off-site 

laboratory. 

-108-



OSw~R-1950.1 

Improper sample handling may alter the analytical resu::s of t~e 

sample. Samples should be transferred in the field from the sampling 

equipment directly in~o the con~ainer that has been specifically prepared 

for that analysis or set of compatible parameters. It is not an 

acceptable practice for samples to be composited in a common container in 

the field and then split in the laboratory, or poured first into a wide 

mouth container and then transferred into smaller containers. The S&A 

plan should specify how the samples for volatiles will be transferred 

from the sample collection dev1ce to the sample con~ainer in order to 

minimize loss through agitation/volatilization. 

4.3.1 Sample Containers 

The owner/operator's S&A plan should identify the type of sample 

containers to be used to collec~ samples, as well as the procedures the 

owner/opera~or will use to ensure that sample containers are free of 

contaminants prior to use. 

When metals are the analytes of interest, fluorocarbon resin or 

polyethylene containers with polypropylene caps should be used. When 

organics are the analytes of interest, glass bottles with fluorocarbon 

resin-lined caps should be used. The plan should refer to the specific 

anal:~ical method (in ~w-846} that designates an acceptable container. 

Containers should be cleaned based on the analyte of interest. When 

samples are to be analyzed for metals, the sample containers as well as 

the laboratory glassware should be thoroughly washed with nonphosphate 

detergent and tap water, and rinsed with (l:l} nitric acid, tap water, 

(l:l) hydrochloric acid, tap water, and finally Type II water. in that 

order. 

Similarly, an EP~-approved procedure is available for cleaning 

containers used to s~ore samples for organics analysis. The sampling 

container should be emptied of any residual materials. followed by 

washing with a nonphosphate de~ergent in ho~ water. It should then be 
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rinsed with tap water, distilled water, acetone, and finally with 

pesticide-quality hexane. Dirty or contaminated glassware does not :o~ 

a very thin sheet of water on its surface and may require treatment with 
' 

chromic acid and/or baking in a muffle furnace at 400°C for 15 to 

30 minutes to ensure that the glass is clean. Chromic acid may be useful 

to remove organic deposits from glassware; however, the analyst should be 

cautioned that the glassware must be thoroughly rinsed with water to 

remove the last traces of chromium. The use of chrom~c acid can cause a 

contamination problem and must be avoided if chromium lS an analyte of 

interest. 

Glassware should be sealed and stored in a clean environment 

immediately after drying or cooling to prevent any accumulation of dust 

or other contaminants. It should be stored capped with aluminum foil and 

inverted. 

The cleanliness of a batch of precleaned bottles should be verified 

in the laboratory. The residue analysis should be available prior to 

sampling in the field. 

4.3.2 Sample Preservation 

The owner/operator's S&A plan should identify sample preservation 

methods that the owner/operator plans to use. Methods of sample 

preservation are relatively limited and are generally intended to 

(l) retard biological action. (2) retard hydrolysis. and (3) reduce 

sorption effects. Preservation methods are generally limited to pH, 

control, chemical addition. refrigeration. and protection from light. 

The owner/operator should refer to the specific preservation method in 

SW-846 that will be used for the constituent in the sample. A summary 

list of appropriate sample container types and sample preservation 

measures is presented in Table 4-l. 

4.3.3 Special Handling Considerations 

Samples requiring analys1s for organ1cs should not be filtered. 

Samples should not be t~ansferred from one container to another. =ecause 
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rABLE 4-1 

SAMPLING AND PRESERVATION PROCEDURES FOR OETEC~!ON MONITORING0 

::tarameter 

pH 

Spectftc conductance 

TOC 

TOX 

Ch1ortde 

Iron 
Manganese 
Sodium 
Phenols 

Sulfate 

Arsentc 
Bar tum 
Cadmtum 
Chromtum 
Lead 
Mercury 
Selentum 
S i 1ver 

Recomnended 

Contatner!:l 

T, P, G 

T. P. G 

G. amcer. T-lined 
c:ape 

G. amcer. T-lined 
septa or caos 

T. P, G 

T. p 

G 

T, P, G 

Preservattve 

Field oetermtned 

Field determtned 

Cool 4•c.d 
HC1 to pH <2 

Cool 4°C. add 1 ml of 

1.1H sodtum sulfite 

4•c 

F1e1d acidified 
to pH <2 wtth HN03 

4°C/H SO 
2 4 

to pH <2 

Cool. 4°C 

Max trnum 

Hol dtng r,me 

None 

None 

28 days 

7 days 

28 days 

6 months 

28 days 

28 days 

Ee' tnt~~:rtm Qrtn~tcg wat~~:r ~ba~a,t~~:~·st,,s 

T, p 

Oark Bottle 

T. P 

T. P. G 

Tgt.Jl Metals 
F1eld actd1fied to 

pH <2 Wlth HNOJ 

Qissglved Metals 
1. Field filtratton 

( 0.45 mtcron l 
2. Atldify to pH <2 

w1th HN03 

Cool . 4°C 

~°C/H 2 S0 4 to pH <Z 

(Conttnuedl 

l
, , 

- ·--

6 months 

6 months 

~a days 

:~ days 

~1n1mum Volume 
Reoutreo for 

Analysts 

25 ml 

100 ml 

4 x 1S ml 

4 x 1 S ml 

SO ml 

200 ml 

500 ml 

SO ml 

1 .000 ml 

1. 000 ml 

300 ml 

~. ·JOO 111 



TABLE 4-1 (Contlnued) 

SAMPLING AND PRESERVATION PROCEDURES roR OETECi!ON MONITORING 

Parameter 

Endr1n 
Llndane 
Methoxychlor 
Toxapnene 
2,4 D 

2.4,5 TP Silvex 

Radium 
Gross Aloha 
Gross Beta 

Coliform bacter1a 

Cyan1de 

Oil and Grease 

Semivolat i 1 e, 
nonvolatile organics 

volatiles 

' 

Reeonmended Preservative 
MaxHraJm 

Conta1nerb Holding Time 

T, G Cool. 4°C 7 days 

P, G r;eld acidified to Ei months 

pH <2 Wlth HN03 

PP, G (sterilized) Cool. 4°C Ei hours 

Other Grgynd-Water Characteristics of Interest 

P, G 

G only 

T. G 

G, T-1ined 

Cool, 4°C, NaOH to 
pH > 12. 0. 6 g 

ascorbic ae1df 

Cool, 4•c H2so4 to 
pH <2 

14 days9 

28 days 

14 days 

14 days 

Min1mum Volume 
Requ1red for 

AnalyS1S 

2.000 ml 

, gallon 

200 m1 

500 ml 

100 m1 

60 ml 

60 m1 

aleferences: Test Methqds fgr gvalyat1na Solid Waste - Phys,sal/CbtmJcal Metbqds, SW-846 

(2nd edition, 1982). 

M@thqds for cnem1cal Analys1s of Water and Wastes. EPA-600/4-79-020. 

Standard Methgds fgr the Exam1nat1gn gf water and wastewater, 16th edltion (1985). 

bcontainer Types: 
P = Plastic (polyethylene) 

G = Glass 
T =Fluorocarbon resins (PTFE. Teflon•. FEP. PFA, etc.) 

PP = Polypropylene 

(Contlnuedl 
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TABLE 4-1 (Continued) 

SAMPLING AND PRESERVATION PROCEDURES FOR DETECTION MONITOR!NG 

Csased on the reou1rements for detection mon1tor1ng (§265.93). the owner/operator must 

collect a sufficient volume of ground ~ater to allow for the analys1s of four separate 

reol1cac.es. 

dsh1pp1ng conta1ners (cooling e~est ~lth 1ce or 1ce pack) should be cert1fied as to the 4°C 

temoerature at t1me of sample placement 1nto these containers. Preservation of samples 

reou1res that the temperature of collected samples be adjusted to the 4°C immediately after 

collect1on. Sh1pp1ng coolers must be at 4°C and ma1nta1ned at 4°C upon placement of samole 

and dur1ng sh1pment. Max1mum-m1nimum thermometers are to be claced into the snipp1ng cnest 

to record temoerature n1story. Cha1n-of-custody forms ~ill nave Shipping/Rece1v1ng and 

In-trans1t (max/m1nl temperature boxes for record1ng data and verlfication. 

eoo n~t allow any head space 1n the container. 

'use ascorbic acid only in the presence of oxidizing agents. 

9Maxlmum holding time is 24 hours ~hen sulfide is present. Oot1onally, all samples may be 

tested with lead acetate paper before the pH adjustment in oroer to determ1ne 1f sulfide 1s 

present. If sulfide 1s present. it can be removed by addit1on of cadmium nitrate powder 

unt1l a negative soot test 1s obtained. The sample is filtered and then NaOH 1s added to 

pH 12. 



losses of organic material onto the walls of the con~aine~ or aeration 

may occur. Total organlc halogens (!OX) and total organic carbon (:OC) 

samples should be handled and a~alyzed as materials con~aining vola~ile 

organics. No headspace should exist in the sample containers to minimize 

the possibility of volatilization of organics. Field logs and laboratory 

analysis reports should note the headspace in the sample container(s) at 

the time of receipt by the laboratory, as well as at the time the sample 

was first transferred to the sample container at the wellhead. 

~etallic ions that migrate through the unsaturated (vadose) and 

saturated zones and arrive at a ground-water monitoring well may be 

present in the well. Particles (e.g., silt, clay), which may be present 

in the well even after well evacuation procedures, may absorb or adsorb 

various ionic species to effectively lower the dissolved metal content in 

the well water. Ground-water samples on which metals analysis will be 

conducted should be split into two portions. One portion should be 

filtered through a 0.45-micron membrane filter, transferred to a bottle, 

preserved with nitric acid to a pH less than 2 (Table 4-l}, and analyzed 

for dissolved metals. The remaining portion should be transferred to a 

bottle. preserved with nltric acid, and analyzed for total metals. AnY 

difference in concentration between the total and dissolved fractions may 

be attributed to the original metallic ion content of the particles and 

any sorption of ions to the particles. 

4.4 Chain-of-custody 

!he owner/operator must describe a chain-of-custody program in the 

_S&A plan. An adequate chain-of-custody program will allow for the 

tracing of possession and handling of individual samples from the time of 

field collection through laboratory analysis. An owner/operator's chain­

of-custody program should include: 

• Samole labels. which prevent misidentification of samples; 

• Samole seals to preserve the integrity of the sample from t~e 
time it is collected until it is opened in the laboratory; 
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• Field logbook to record info~a~:on about each sample collec:~on 
during the ground-water monitoring program; 

• Chain-of-custodv record,to establish the documentation necessary 
to trace sample possesslon from the time of collection to 
analysis; 

• Samcle analysis reauest sheets, which serve as official 
communication to the laboratory of the particular analysis(es) 
required for each sample and provide further evidence that the 
chain of custody is complete; and 

• Laboratorv loabook and analysis notebooks, which are maintained 
at the laboratory and "ecord all pertinent info~tion about the 
sample. 

4.4.1 Samcle Labels 

!o prevent misidentification of samples, the owner/operator should 

affix legible labels to each sample container. The labels should be 

sufficiently durable to remain legible even when wet and should contain 

the following types of info~tion: 

• Sample identification number 
• Name of collector 
• Date and time of collection 
• Place of collection 
• Parameter(s} requested (if. space permits) 
• Internal temperature of shipping container at time sample was 

placed 
• Internal temperature of shipping container upon opening at 

laboratory 
• Maximum and minimum temperature range that occurred during 

shipment 

4.4.2 Sample Seal 

:n cases where samples may leave the owner/operator's immediate 

control, such as shipment to a laboratory by a common carrier (e.g., air 

freight), a seal should be provided on the shipping container or 

individual sample bottles to ensure that the samples have not been 

disturbed during transportation. 

-1:5-



4.4.3 Field ~ogbook 

An owner/operator or the individual des1gna~ed to perfo~ ground­

water monitoring operations should keep an up-to-date field logbook that 

documents the following: 

• Identification of well 
• Well depth 
• Static water level depth and measurement technique 
• Presence of immiscible layers and detection method 
• Well yield - high or low 
• Purge volume and pump1ng rate 
• Time well purged 
• Collection me~hod for immiscible layers and sample identification 

numbers 
• Well evacuation procedure/equipment 
• Sample withdrawal procedure/equipment 
• Date and time of collection 
• Well sampling sequence 
• Types of sample containers used and sample identification numbers 

• Preservative(s) used 
• Parameters requested for analysis 
• Field analysis data and method(s) 
• Sample distribution and transporter 
• Field observations on sampling event 
• Name of collector 
• Climatic conditions including air temperature 
• Internal temperature of field and shipping {refrigerated) 

containers 

4.4.4 Chain-of-custodv Record 

To establish-the documentation necessary to trace sample possession 

from time of collection. a chain-of-custody record should be filled out 

and should accompany every sample. The record should contain the 

following types of information: 

• Sample number 
• Signature of collector 
• Date and time of collection 
• Sample type (e.g., ground water, immiscible layer) 
• Identification of well 
• Number of containers 
• Parameters requested for analysis 
• Signature of person(s) involved in the chain of possession 
• Inclusive dates of possession 
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• Internal temperature of shipping (refrigerated) con~ainer (:~es~) 

when samples were sealed in~o the shipping container 
• Maximum temperature recorded during shipment 
• Minimum temperature recorded during shipment 
• Internal temperature of'shipping (refrigerated) container upon 

opening in the laboratory 

4.4.5 Sample Analysis Reauest Sheet 

This document should accompany the sample(s) on delive~J to the 

laboratory and clearly identify which sample containers have been 

designated (e.g., use of preservatives) for each requested parameter. 

The record should include the following types of information: 

• Name of person receiving the sample 
• Laboratory sample number (if different from field number) 
• Date of sample receipt 
• Analyses to be performed 
• Internal temperature of shipping (refrigerated) container upon 

opening in the laborato~J 

4.4.6 Laboratorv toqbook 

Once the sample has been received in the laboratory, the sample 

custodian and/or laboratory personnel should clearly document the 

processing steps that are applied to the sample. All sample preparation 

techniques (e.g., extraction) and instrumental methods must be identified 

in the logbook. ~xperimental conditions, such as the use of specific 

reagents (e.g., solvents, acids), temperatures,/reaction times, and 

/instrument settings, should be noted. The results of the analysis of all 

quality control samples should be identified specific to each batch of 

ground-water samples analyzed. The laboratory logbook should include the 

time, date, and name of the person who performed each processing step. 

4.5 Analvtical Procedures 

The S&A plan should describe in detail the analytical procedures 

that will be used to determine the concentrations of constituents or 

parameters of interest. These procedures should include suitable 

analytical methods as well as proper quality assurance and quality 
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control protocols. !he required precision. accuracy, detection limi~s. 

and percent recovery (if applicable) specifications should be clearly 

identified in the plan. 

!he S&A plan should identify one method that will be used for each 

./ specific parameter or constituent. !he plan should specify a method in 

SW-846 or an EPA-approved method. and clearly indicate if there are going 

to be any deviations from the stated method and the reasons for these 

deviations. 

Records of ground-water analyses should include the methods used, 

extraction date, and date of actual analysis. Data from samples that are 

not analyzed within recommended holding times should be considered 

suspect. Any deviation from an EPA-approved method (SW-846) should be 

adequately tested to ensure that the quality of the results meets the 

perfo~ce specifications (e.g., detection limit. sensitivity. 

precision. accuracy) of the reference method. 

4.6 Field and Laboratory Quality Assurance/Quality Control 

One of the fundamental responsibilities of the owner/operator is 

the establishment of continuing prQgrams to ensure the reliability and 

validity of field and analytical laboratory data gathered as part of the 

overall ground-water monitoring program. 

!he owner/operator's S&A plan must explicitly describe the QA/QC 

program that will be used in the field and laboratory. Many owner/ 

operators use commercial laboratories to conduct analyses of ground-water 

samples. In these cases. it is the owner/operator's responsibility to 

ensure that the laboratory of choice is exercising a proper QA/QC 

program. !he QA/QC program described in the owner/operator's S&A plan 

must be used by the laboratory analyzing samples for the owner/operator. 

4.6.1 Field QA/QC Program 

!he owner/operator's S&A plan should provide for the routine 

collection and analysis of two :ypes of QC blanks: trip blanks and 
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equipment blanks. Each time a group of bottles is ?repared for use :~ 

the field. one bottle of each type (e.g., glass. fluorocarbon =esin. 

polyethylene) should be selecte~ from the batch and filled with deionized 

water. The bottles filled with the blank should be transported to the 

sampling location and returned to the laborato~/ in a manner identical to 

the handling procedure used for the samples. These trip blanks should be 

subjected to the same analysis as the ground water. Any contaminants 

found in the trip blanks could be attributed to (l) interaction between 

the sample and the container. (2) contaminated rinse water, or (3) a 

handling procedure that alters the sample analysis results. The 

concentration levels of any contaminants found in the trip blank should 

not be used to correct the ground-water data. The contaminant levels 

should be noted. and if the levels are within an order of magnitude when 

compared to the field sample results. the owner/operator should resample 

the ground water. 

Various types of field blanks should be used to verify that the 

sample collection and handling process has not affected the quality of 

the samples. The owner/operator should prepare each of the following 

field blanks and analyze them for all of the required monitoring 

parameters: 

Trip Blank - Fill one of each type of sample bottle with Type !: 
reagent grade water. transport to the site. handle like a sample, 
and return to the laborato~ for analysis. One trip blank per 
sampling event is recommended. 

Equipment Blank - To ensure that the nondedicated sampling device 
has been effectively cleaned (in the laborato~ or field), fill the 
device with Type II reagent grade water or pump Type II reagent 
grade water through the device, transfer to sample bottle(s), and 
return to the laborato~ for analysis. A minimum of one equipment 
blank for each day that ground-water monitoring wells are sampled is 
recommended. 

The results of the analysis of the blanks should not be used to 

correct the ground-water data. :f contaminants are found :n the blanks. 



the source of the contamination should be identified and corrective 

action. including resampling. should be initiated. 

All field equipment that the owner/operator wil: use should be 

calibrated prior to field use and recalibrated in the field before 

measuring each sample. !he owner/operator's S&A plan should describe a 

program for ensuring proper calibration of field equipment. Other QA/QC 

practices such as sampling equipment decontamination procedures and 

chain-of-custody procedures should also be described in the 

owner/operator's S&A plan. 

4.6.2 Laboratory QA/QC Program 

The owner/operator's S&A plan should provide for the use of 

standards, laboratory blanks, duplicates, and spiked samples for 

calibration and identification of potential matrix interferences. The 

owner/operator should use adequate statistical procedures (e.g •• QC 

charts) to monitor and document perfo~ce and implement an effective 

program to resolva testing problems (e.g., instrumen~ maintenance. 

operator training). Data from QC samples (e.g., blanks, spiked samples) 

should be used as a measure of performance or as an indicator of 

potential sources of cross-contamination. but should not be used to alter 

or correct analytical data. These data should be submitted to the Agency 

with the ground-water monitoring sample results. 

4.7 Evaluation of the Quality of Ground-Water Oata 

A ground-water sampling and analysis program produces a variety of 

hydrogeological, geophysical. and ground-water chemical constituent 

(GWCC) data. This section pertains primarily to the evaluation of ~~C 

data because these data are specifically required by the regulations. are 

evaluated in the statistical tests, provide the fundamental evidence used 

to determine whether the facility is contaminating the ground water. and 

are used to determine the extent of plume migration during assessment 

monitoring. Also. deta1:s regarding how to obtain and identify quality 
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hydrogeological and geophysical data have been discussed earlie~. ~he 

GWCC data may be initially presented by the labo~ato~z (by electronic 

transmittal or) on reporting sheets; these data then must be compiled ar.d 

analyzed by the owner/operator prior to submission to the state or EPA i~ 

order to evaluate the degree of ground-water contamination. 

It is essential for owner/operators to make sure that. during 

chemical analysis, laboratO~/ reporting, computer automation. and ~epo~t 

preparation, data are generated and processed to avoid mistakes, and that 

data are complete and fully documented. Data must be reported correctly 

to have accurate analyses and valid results. If data errors do occur. 

statistical analyses cannot discover, correct, or ameliorate these errors. 

!he following discussion considers aspects of data quality that may 

indicate to the technical reviewer that the data acquisition, processing, 

and evaluation were executed poorly or incorrectly. 

!he specific areas that are addressed ·include: 

• Reporting of low and :ero concentration values; 
• Missing data values; 
• Outliers; and 
• Units of measure. 

4.7.1 Reoorting of Low and Zero Concentration Values 

A critical concern is the interpretation, reporting, and analysis of 

GWCCs that are measured at less than (LI) a limit of detection. LI limit 

of detection values presently result from a variety of laboratory 

conventions and protocols. Technical reviewers. during the review of 

data submissions, may confront a variety of codes indicating that ~~C 

concentrations are below a value which the laboratory designates as the 

detection limit. 

Values that are LI a limit of detection can result when: 

• GWCCs are present at low concentrations; 
• An insensitive anali~ical technique has been used: and 
• The chemical matr1x of :he ground water interferes w1th the 

anal~1cal techn1que. 
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!he following guidelines should help the technical ~eviewe= identify 

problems associated with the ~eporting of L! detection limit values, 

analyze the data sets that cont~in L! de~ection :imit values, and 

prescribe ~emedies for future owner/ope~ato~ submissions. 

~ should be given close attention if the L: detection limit 

values appear to increase over time. Increasing detection limits may be 

used to conceal an increasing concentration trend. Similarly, if back­

ground data are reported without a L! designation at low concentrations 

and compar1son downgradient data are presented at higher concentrations 

with a L! designation. then it is possible that L! detection limit values 

are being used to conceal larger downgradient concentrations. It is 

unacceptable to report ~ qualitative information for values tha~ were 

measured below a limit of detection. !he technical reviewer must ensure 

that nUmerical values accompany the L! designation. so that data are 

available for analysis. L! detection limit values that are high or that 

vary should be reduced in future work by laborato~J procedures that 

remove or control interfering constituents. 

!he owner/operator must explain and follow a specific laboratory 

protocol for determining and reporting low concentration values. 

Technical ~eviewers should not allow the use of highly variable reporting 

formats. An appropriate protocol for determining and reporting ~~CC data 

at low concentrations is described in Appendix 3 of 40 CFR §136, titled 

"Definition and Procedure for the Determination of the Method Cetec~ion 

Limit -Revision l.ll." Other methods are offered by the American 

Chemical Society and the International Union of Pure and Applied 

Chemistry. 

L! values should not be deleted f=om the analysis. Instead, when 

data sets consist of a mixture of values that are L! a limit of detection 

and actual concentration measurements. L! values mav be analvzed at half 

their reoo~ted value. !his technique is simple to use and has been 

presented for use in the following ~eferences: 
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Gilbert, R.O. and Kinnison. R.R. 1981. Statistical ~:thods :or 
Estimating the Mean and Variance from Radionuclide Data Sets 
Containing Negative. Unreported. or Less t~4n Values. Health 
Physics 40:377-390. 

Nehls. G.J. and Akland G.~. 1973. Procedures for Handling 
Aerometric Data. Journal of the Air Pollution Control Association 
23:180-184. 

L! values may also be analy;ed using Cohen's Method. !his method is also 

simple to use and has been described by: 

Cohen C. 1961. Tables for Maximum Likelihood Estimates from Singly 
!~cated and Singly Censored Samples. !echnometrics 3:535-541. 

rinally, a variety of other techniques. which are slightly more 

complicated. are described in the following references: 

Gilliam. R.J. and Helsel. D.R. 1986. Estimation of Distributional 
Parameters for Censored !race Level Water Quality Data. 1. Esti­
mation Techniques. Water Resources Research 22:135-146. 

Helsel. D.R. and Gilliam, R.J. 1986. Estimation of Distributional 
Parameters for Censored !race Level Water Quality Data. 2. Verifi­
cation and Applications. Water Resources Research 22:147-155. 

In some cases. the technical reviewer will be confronted with a 

situation where all the values for a chemical constituent in the back­

ground well system are LI a limit of detection. In this case. no data 

are available to estimate the background variance, and the background 

mean will be biased higher than its actual value, which is some value L! 

the limit of detection. In this case. the technical reviewer should 

ensure that laboratory protocols and data which are used to establish the 

detection limit values are provided. :n addition. it is recommended 

that. especially in this case, the laboratory should ensure that any 

values. which are reported above a limit of detection. are quantifiable. 

The American Chemical Society's LOQ or the upper confidenc·e limit of 

EPA's MDL may be used to establish a threshold criteria. 

4.7.2 Missina Data Values 

Owner/operators incur a su.bstantial risk of missing an e:(·treme 

env1ronmental event and measurement of particularly large or smal~ values 
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if they fail to collect all of the data required for a monitor~ng prog~am. 

!his may result in an incomplete measure of environmental variabili~y and 

an increased likelihood of falsely detecting contamination. Also. ~f 

assessment monitoring data are missing, there is a danger that the f~ll 

extent of contamination may not be characterized. Owner/operators must 

take extreme care to ensure that concentration measurements result from 

all samples taken. Nevertheless. the technical reviewer is likely to 

confront situatlons where complete detection monitoring data have not 

been collected. !he technical reviewer should have the owner/operator 

perform the t-test despite incomplete data collection, provided that the 

following criteria have been met: 

• If there are data from one upgradient well and one downgradient 

well, statistical comparisons should still be made. If data 

exist for three ·quarters at a well, statistical comparisons 

should be made after applying the rule described in the next 

bullet. 

• If only one quarter of data is missing, values should be assigned 

for the misslng quarter by averaging the values obtained durlng 

the other three quarters. 

• If there are missing replicate measurements from a sampling 

event, then average the replicate(s) that are available for that 

sampling event. 

These guidelines have been described previously in the November 1983 EPA 

memorandum on statistical analyses of indicator parameter data. !he 

intent of this methodology is to encourage use of the t-test, despite 

prior noncompliance with the data collection requirements in the 

regulations, so that a determination can be made as to whether assessment 

monitoring should begin. Regardless of whether there are sufficient data 

for performing the t-test, the technical reviewer should consider taking 

enforcement action to compel additional sampling on an accelerated 

schedule. !he technical reviewer must minimize delays in the evaluation 

of a facility's ground water because of prior incomplete data collection. 
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.t. 7.3 Outliers 

A GWCC value that is much differen~ from mos~ other values in a data 

set for the same G'"~CC can be referred to as an "outlier." !he :-9asons 

for outliers can be: 

• A catastrophic unnatural occurrence such as a spill; 

• Inconsistent sampling or analytical chemistry methodolo~f; 

• Errors in the transcr~ption of data values or decimal points; and 

• !rue but extreme G'"..;cc concentration me;.:;urements. 

~e technical reviewer should attempt to have owner/operators· 

correct outlying values if the cause of the problem can be documented and 

corrected by the owner/operator without delay. The data should be 

corrected if outliers are caused by incorrect transcription and the 

correct values can be obtained and documented from valid owner/operator 

records. Also. if a catastrophic event or a problem in methodology 

occurred that can be documented. then data values should be from 

calculations with clear reference to this deletion at all relevant 

stages. Documentation and validation of the cause of outliers must 

accompany any attempt to correct or delete data values. because true but 

extreme values must not be altered. The technical reviewer should not 

accep~ the mere presence of an extreme value in data or the effect of an 

extreme value on the statistical analysis as a valid reason for the 

con~inuation of detection monitoring. 

Ground-water contaminant concentrations when influenced by a 

hazardous waste management facility do not necessarily vary gradual:y. 

Instead. it is not uncommon for contamination (e.g .• halogenated organic) 

to be reflected in a series of data collected over time with the following 

trend. Measurements remain below a limit of detection and then. in a 

single or several sampling event(s). concentrations rise to measurable 

levels and soon retu~ to concentrations which are L! a limit of detection 
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in subsequent sampling periods. In general, tecr~ical reviewers should 

not accept the contention that contaminant concent~ations measured in 

wells immediately downgradienc o~ ln the vicinity of hazardous waste 

management areas increase only gradually. Rapidly increasing and 

decreasing concentrations can occur in ground waters subjected to con­

tamination; the high concentrations in these cases would be true extreme 

values but not outliers. 

4.7.4 Units of Measure 

Associated with each ~NCC value is a unit of measure that must be 

reported accurately. Mistakes in the reporting of the units of measure 

can result in gross errors in the apparent concentrations of GWOCs. For 

example, a lead value of 30.2 might have a unit of measure of parts per 

billion (ppb). Alternatively, the same lead value of 30.2 might have 

been incorrectly reported with a unit of measure in parts per million 

(ppm). The reported value would transform to a concentration with the 

units of measure in ppb as 30.200 ppb of lead or three orders of 

magnitude larger than it was measured. 

The following guidelines should help the technical reviewers 

ensure that units of measure associated with data values are reported 

consistently and unambiguously: 

• The units of measure should accompany each chemical parameter 
name. Laboratory data sheets that include a statement "values 
are reported in ppm unless otherwise noted" should generally be 
discouraged but at least reviewed in detail by the technical 
reviewer. It is common to find errors in reporting the un~ts of 
measure on this type of data reporting sheet especially when 
these reporting sheets have been prepared manually. 

• The units of measure for a given chemical parameter must.be 
consistent throughout the report. 

• Finally, reporting forms for detection monitoring, as specified 
in the EPA November 1983 memorandum, and the data presentation 
methods described in Chapter Five should-help to reduce problems 
associated Wlth the reporting of units of measure. 
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CHAPTER FIVE 

STATISTICAL ANALYSIS OF DETECTION MONITORING DATA 

Owner/operators of hazardous waste facilities must implement a 

ground-water monitoring program capable of determining if a facility has 

had an effect on the quality of the ground water. !his determination is 

based on the results of a statistical test. This chapter discusses the 

data that should be collected to perform the statistical test while 

facilities are operating under interim status detection monitoring, and 

what actions should be taken based on the results of the statistical 

test. A general description of a recommended statistical procedure is 

described below. A more specific description. which includes the 

computational details and an example. appears in Appendix B. 

5.1 Methods for Presenting Detection Monitoring Data 

Data reporting sheets such as those presented in the November 30, 

1983. EPA memorandum titled "Guidance on Implementation of Subpart F 

Requirements for Statistically Significant Increases in Indicator 

Parameter Values" should be used when owner/operators present data as 

required by §265.94(a). !he technical reviewer should make sure that 

owner/operators are aware of and use standardized data reporting forms. 

!he technical reviewer should have in the file all of the ground­

water data that have been collected to date from the facility. An 

explicit presentation of the statistical test methodology should also 

be in the file for the facility. 

5.2 Introductorv Tooics: Available t-Tests. Definition of Terms. 
Components of Variability. Validity of the t-Test Assumctions, 
False Positives Versus False Negatives. and the Transition to 
Permitting 

Several introductory topics pertaining to the statistical analysis 

of detection monitoring data are discussed in this section. First. the 

statistical tests that the owner/operator can use to analyze detec~ion 
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monitoring data are examined. Then, definitions of the te~s ~ack;~our.d. 

upgradient, and downgradient are presented. The measurement of env:~on­

mental ·variability and its r-elationship to -:he number of upgradiem: ·.o~ells. 

analytical replicates, and the statistical test ~r4t should be used is 

reviewed. In the next section, the t-test assumptions, including the 

importance of independent and normally distributed data, are discussed 

and methods for correcting nonconformance with the assumptions are 

offered. Also, included is a discussion emphasizing the 1mportance of 

controlling and evaluating the false positive and false negative rates 

associated with the statistical procedures. The final section desc=:~es 

broad categories of alternative statistical procedures that may be 

explored for future application ~~E~n~t~ permit. 

5.2.1 Available t-Tests 

The 1nterim status regulations specify that a Student's t-test be 

used to determine whether there has been a statistically significant 

increase in any ground-water contamination indicator parameter <IP> in 

any well. The §265 regulations do not, however, require a specific 

Student's t-test. The owner/operator has the latitude within the 

regulations to choose a t-test that will accommodate the data collected. 

One reason that interim status facilities frequently adopt the Cochran's 

Approximation to the Behrens-Fisher (CABF) t-test is that the ?art 264 

permit regulations require the use of the CABF t-test, unless an 

equivalent statistical test is accepted by the Regional Administrator. 

Other more appropriate t-tests are available for owner/operators to use 

in the analysis of their interi~ status detection monitoring data. 

One alternative t-test, which has been recommended for use, is 

referred to as the averaged replicate (AR) t-test. The AR t-test is a 

preferred test for owner/operators to apply to their interim status 

detection monitoring data because it helps to reduce statistically-caused 

false positives. Although special situations demanding alternative 
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t-test procedures may arise, this document generally recommends the '.lSe 

of the AR t-test for maintaining compliance with the stat~s:ical ana:ys~s 

requirements of 40 CFR §265, S~part F. 

Other t-tests are available for use while facilities are operating 

under interim status detection monitoring. T-tests designed to control 

the false positive rate despite the installation of additional wells, 

measurement of additional chemical parameters, and an increased sampling 

frequency may be appropriate (~iller, 1981). An owner/opera:or choosing 

to employ a t-test methodolo~J that controls the false positive rate or 

overall significance level must evaluate the procedure's impact on the 

false negative rate. that is. the failure to identify contamination when 

it has occurred. The false negative problem should be the primary :oncern 

of the technical reviewer. An alternative t-test may be appropriate 

during the administration of enforcement cases when. as described below, 

accelerated data collection requirements are imposed. In these cases, 

background data from the upgradient wells and downgradient data may be 

collected simultaneously, and a t-test that accommodates the data 

structure resulting from this sort of sampling program may apply. :he 

owner/operator may perform the t-test of choice, but the results must be 

presented and action taken based on the results of only one type of 

t-test. The technical review team should acquire the professional 

expertise needed to evaluate thoroughly the statistical methodology. 

Regardless of the specific procedure, the t-test methodology should 

be explicit and include: 

• A clear, understandable explanation of the methodology; 

• Presentation of explicit example calculations; 

• The inclusion and documentation of all the original data used in 
the statistical analysis procedure; 

• Literature reference citations documenting alternative t-test 
procedures; and 
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• A detailed explanation of how data were man.:.?ulated and e•1a~'..late= 

pr1or to the statistical analysis. lnclud~ng goodness-of-f.:.: 
testing. transfo~ations. less t~4n detect.:.on limit value 
manipulations. and power evaluations. 

' 
Also, it should be noted that although owner/operators have ~ati:ude 

with respect to the statistical test used. there is much less choice with 

regard to the data collection requirements. Finally. no matter which 

t-test is used. the comparisons that must be made cannot change. !hus 

for example. regardless of the t-test used. the owner/operator must 

collect a background data set and compare these data to the data from 

each well individually each t~me they are sampled. 

5.2.2 Definition of Terms 

Three te~s used :requently in discussions regarding the interim 

status detect~on mon1toring statistical analysis are: background. 

upqradient, and downgradient. The te~ upqradient and downgradient 

describe well locations (e.g., with respect to the ground-water 

hydraulics) and perfo~ce {e.g., downgradient wells must be able to 

immediately detect contamination). The te~s upgradient and downgradient 

also describe the data collected from those wells. References to 

background data. unlike those to upgradient or downgradient data. which 

are well spec1fic. concern all data collected from all upgradient wells 

during the period when background levels are being established. 

Modificat1on of the background data may be required during the life of 

the facility: guidance related to the modification of background data is 

presented in Section 5.4.1. 

5.2.3 Comoonents of Variability 

The inclusion and exclusion of various components of variability in 

background ground-water data have a substantial impact on the performance 

of the statistical test. When a background sampling program includes 

data from only one upgradient well. there is no component of spatial 
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variability in the background data. Moreover, when ~he four ~easure~en~s 

from each sample are included in the analysis, the background data se~ lS 

influenced heavily by analytical variability. !he result of no spat.:al 

contribution to variability and a large contribution by analytical 

variability is a background data distribution that typically has litt!e 

variability. This results in a statistical evaluation procedure that 

readily identifies small differences, because the background distribucion 

of concentration values, which has litt:e variability, tends ~o be 

distinct and not "overlap" wich the downgradient distribution of 

concentration values. 

!o alleviate this situation, the background data set should include 

a component of spatial variability and not be heavily influenced by ~he 

typically small component of analytical variability. Two recommendations 

are provided to help with this problem. 

• First. the owner/operator should install additional upgradient 
wells to ensure measurement of spatial variation in the ground 
water in the upgradient area. 

• Second. the AR t-test. when applied to the data from well systems 
with multiple upgradient wells. can be used by owner/operators 
to remove the excessive influence of the analytical replicate 
variability. 

5.2.4 Validitv of the t-Test Assumotions 

Frequently. technical reviewers are confronted with the argument 

from owner/operators that the t-test is not an appropriate methodology 

for use, because the collected data are not independent and normally 

distributed. Technical reviewers may find that the following discussion 

is useful for supporting the need to evaluate the distributional 

properties of the background data. 

First. the contention that the background data are not normally 

distributed should be supported by a goodness-of-fit analysis. A 

contention of non-normality without the supporting analysis is not valid. 
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Second. goodness-of-fit tes~s generally requ~re a data set wi~h a 

substantial number·of values in order to have enough statistical power co 

discriminate among distributio~1 types. !he background data sets from 

interim status facilities are rarely large enough for reasonable 

performance of a goodness-of-fit test. A graphical approach evaluating 

the cumulative probabilities of the data in comparison with a standard 

normal may be useful. 

Third, the presence of L! detection limits does not in itself imply 

that the data values do not follow a normal distribution. !he censoring 

of the data values (which is essentially what happens when chemical 

concentrations are reported L! a limit of detection) below a level and 

the shape of the distribution above the level are not necessarily 

related. In short. a data set with L! detection limit values may or may 

not have normal distribution properties above the detection limit. 

Fourth. in the case where firm evidence indicating t.pat values do 

not follow a normal distribution. owner/operators can use mean and 

variance estimates from other distributions such as the lognormal. !he 

validity of any procedure must be documented and validated as a 

technically sound approach (see Appendix B for details). 

Finally. other non-t-test statistical procedures (e.g., nonparametric), 

which are less dependent on distributional assumptions. do not satisfy the 

requ.uements for interim status detection monitoring. !he "Transition to 

Permitting" section of this chapter describes when alternative non-t-test 

procedures may be useful. 

5.2.5 False Positives Versus False Negatives 

Technical reviewers are frequently called upon to respond to 

contentions from owner/operators that the statistically significant 

increase. suggested by the statistical tests. has not actually occurred. 

This has been referred to as a false positive. !here are several points 

that should·be considered when a technical reviewer confronts a false 
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positive claim. First, false positives are not necessarily the resul: of 

the statistical procedure. Many other factors influence the false positive 

rate. These include, for example. poor well construction, improperly 

located wells, too few background wells, improper sampling techniques, and 

imprecise or inaccurate laboratory analysis. Owner/operators should not 

contend that the statistical test resulted in a false positive unless it 

can be shown thac all the other aspeccs of the ground-water monitoring 

program have been implemented properly. Second, the resampling program is 

intended to reduce the false positive rate caused by laboratory error 

only. The owner/operator should not make false positive claims until the 

immediate resampling is performed. Third. owner/operators have the 

latitude within the interim stacus regulations to use a t-test methodology 

designed to control the false positive rate for the entire facility. 

Fourth. false positives are only statistical issues. If engineering 

information, including construc:ion methods. age of the unit, waste 

composition, or geohydraulic properties, indicates that con.tamination is 

occurring, then a false positive claim is probably unwarranted. Fifth. 

a false positive claim must be supported by data substantiating the false 

positive claim (see Chapter 6 for more details). Finally. and most 

important. ~~e technical reviewer must not consider a false positive claim 

or the results of the statistical procedure unless the owner/operator has 

evaluated the false negative rate associated with the statistical procedure 

in the context of facility-specific data. False negatives, that is, a 

failure to indicate statistically significant contamination when a release 

has occurred, are of more concern than false positive rates. The false 

negative rate is rarely evaluated by owner/operators, and is frequently 

higher than the false positive rate for even larger, substantial amounts of 

contamination. 

5.2.6 The Transition to·Permitting 

The 40 CFR §265 Subpart F interim status regulations only allow the 

use of a t-test for evaluac1ng data. However, the ~0 CFR §264 Subpar~ F 
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permit regulations provide greater latitude in designing a statisti=al 

evaluation methodology by allowing the use of an alternative statis~~=al 

procedure. Although facilities,must conti~ue to perfo4.m t-test methods to 

maintain compliance with interim status, it is also wise for owner/operators 

to begin to explore, test, and compare methods that may be useful under the 

permit requirements. 

A large array of methods and associated data manipulation procedures 

are available. These approaches may include: linear model, tolerance 

interval, nonparametric, control chart, or stochastlc process methods. 

5.3 Statistical Analvsis of the Backaround Data 

As described above, owner/operators should have measured the back­

ground concentrations of ground-water parameters in upgradient wells 

within one year of the effective date of the interim status Subpart F 

regulations. !he initial background concentrations of the Appendix III 

parameters in §265.92(b)(l), the ground-water quality parameters in 

§265.92(b)(2), and the ground-water contamination (or indicator) 

parameters in §265.92(b)(3) should have been established by monitoring 

upgradient wells quarterly for a year. Four replicate measurements 

should have been established from each well during each sampling episode 

for the indicator parameters. 

!he background mean and variance should have been detemined using 

all of the data obtained for the §265.92(b)(3) parameters during the 

first y~ar of sampling from the wells that were upqradient .of the 

facility. These summary statistics, which describe the background 

concentrations, form the basis against which all subsequent upgradient 

and downgradient concentration measurements will be compared. !he 

methods used to estimate the background mean (~) and variance (s~_> 
for AR t-test are described in Appendix B. 

It is important to recognize that, in many instances, owner/operators 

did not obtain background data during the prescribed period of time ln 
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properly located and constructed wells, or did not sample and per=o~ 

chemical analyses using appropriate methodologies. In these cases, :~e 

data used to establish the background statistics may have to be obtained 

under a program accommodating the site-specific circumstances. Recommen­

dations related to modifying the background data to correct a false 

positive problem are described below. In the case of incomplete prior 

data collection, the technical reviewer should determine. using the 

criteria in the missing data section of Chapter Four. when comparisons 

can be conducted, using the ex1sting data. Although some data sets may 

be limited. it may still be possible to perform the statistical 

comparisons of background versus downgradient data which are described 

below. If contamination is suggested by the results of a t-test and the 

resampling, then the first determination under assessment monitoring may 

be compelled. ·as discussed in Chapter Six. 

5.4 Statistical Analvsis of Detection Monitoring Data After the 
First Year 

Detection monitoring data collected after the first year should be 

used in a comparison with the background data to determine if there is a 

suggestion that contamination may have occurred. A t-test is used to 

make this determination. If the mean concentration of any IP in ~ 

downgradient well is larger by a statistically significant amount than 

the background concentration. then contamination may have occurred. 

(NOTE: In the case of pH, the t-test is conducted such that an increase 

or decrease may be detected. !hus. in the case of pH. all future 

references to significant statistical increases imply that a significant 

statistical change is being evaluated.) ·-
All of the upgradient and downgradient wells must be sampled after 

~~e first year. !he ground-water quality parameters ·in §265.92(b)(2) 

must be measured at least annually, but are not analyzed statistically. 

!he IPs in §265.92(b)(3) must be measured at least semiannually using at 

least four replicate measurements from each sample from each well in the 

detection monitoring network. 
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5.4.1 Comparison of Background Data with Uparadient Data Collec~ed 
on Subsequent Samcling Events 

!here is a suggestion that :p concent=ations in the ucgradient 
I 

ground water may be increasing when the t-tests for an upqradient well, 

compared with the background data as required by §265.93(c)(l), show a 

significant increase in the concentration of an IP. !here are several 

reasons why the statistical test may indicate that the upgradient 

concentrations have increased. These include: 

• Ground-water flow direc~ion was determined incorrectly and 
hazardous waste constituents are migrating ~nto the upgradient 
wells. 

• Ground-water flow direction was determined correctly, but 
hazardous waste constituents are moving in a direction that is 
opposite the ground-water flow. 

• Upqradient wells were located in a mound caused by the facility. 

• An inconsistent methodology (e.g., well construction material, 
sampling and analysis techniques) was used. resulting in 
concentration differences that are unrelated to any change in 
the concentration of IPs in the ground water. 

• !he t-test indicated a difference between the background data and 
upqradient data when actually there was no difference. 

!he cause of the increase in upqradient concentrations will be 

important to the technical reviewer if the owner/operator successfully 

establishes during the first determination under assessment that no 

contaminants have entered the ground water. Prior to reinstating the 

detection monitoring program, the owner/operator may request that, 

because of the increase in background concentrations identified through 

the background versus upgradient comparisons. the historical data are 

unrepresentative of background conditions and should be modified. 

!he following recommendations are presented to help the technical 

reviewer decide whether and how the background data set can be corrected. 

• !he technical reviewer should require that the owner/operator 
undertake the follow1ng actions prior to modification of the 
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background data. First, it must be explained exactly why che 
background data set should be modified. :nese demons~=a~ions 
must be based upon data and considerations that are doc~~ented 
thoroughly. The owner/operator must also indicate speci:ically 
how the background data 'set will be modified. Finally, it should 
be shown that change in the background data will not delay the 
ground-water sampling and analysis program. 

• One of the recommended methodologies involves both the use of 
more than one year of background data and a set of only the most 
recently acquired background data (i.e., a moving average). 
These procedures for modifying the background data may be appro­
priate; however, the dec1sion should be based on site-specific 
hydrogeological and engineering c1rcumstances. The method used 
to modify the background data should never become a routine part 
of the statistical analysis methodology (e.g., use of a "moving 
window"). 

• Many data sets will be unusable because of unacceptable 
analytical chemistry, hydrogeological considerations. or the 
physical construction of the well system. as for example. when 
wells have been located in an area affected by the facility. 
Modification of the background data set may require installation 
and sampling of a new well system. In"this case. it may be 
necessary to collect background data from upgradient wells on 
an accelerated schedule concomitantly with downgradient data. 

• The technical reviewer may find it useful and suggest the 
routine analysis of specific chemical parameters in addition 
to the interim status indicator parameters. This may help the 
owner/operator prepare for the ground-water monitoring and 
analysis program to be implemented when the facility obtains 
a §264 pe~it. These parameter-specific data would also be 
available for discussions regarding any future false positive 
contentions. 

5.4.2 Comcarison of Background Data with Downgradient Data 

The facility may be affecting the ground water when the t-test for a 

downgradient well shows a statistically significant increase relative to 

the background data. The owner/operator must immediately resample and 

collect multiple ground-water samples from those downgradient wells where 

a significant increase in concentration was detected. as required by 

§265.93(c)(2). The additional ground-water samples are to be split into 

duplicates and analyzed. The resampling data are then evaluated using 
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the same t-test methodology. ~he results of this t-test are then used ~o 

determine whether the originally detected significant increase was a 

result of a laborato~ mistake ~r a consequence of ground-water contami­

nation. If the initial results are due to laborato~J error and no 

significant increase has occurred. the detection program may continue. 

If the additional analyses performed under §265.93(c)(2) confirm the 

significant increase. the owner/operator's facility is in interim status 

assessment monitoring and must. without exception. begin immediately to 

fulfill the requirements of the first determination of assessment 

mon~toring. While contamination is not verified during detection 

mon~toring. such monitoring is used to learn whether contamination may be 

occurring. The first determ~nation of assessment monitoring should be 

the phase of analysis in which the suggestion of contamination revealed 

by the statistical analysis is documented more fully. Ground-water 

contamination cannot be evaluated satisfactorily with a continuation of 

detection monitoring. 

-----------·----,_..,-------------------____ __, ..... -~. •~r----- ------



Chew, V. 1980. Testing Differences Among Means: Correct Inter?re~ation 
and Some Alternatives. Hor~science 15:~67-4i0 

Cochran. W.G. 1983. Planning and Analysis of Observational Studies. 
John Wiley and Sons. New York. New York. 

Dixon, W.J. and F.J. Massey. 1969. Introduction to Statistical Analysis, 
Third Edition. MacGraw-Hill Book Company. 

Hurlbert. S.H. 1984. Pseudoreplication and the Jesign of Ecological 
Field Experiments. Ecolog1cal Monographs 54:187-211 

JRB Associates. 1983. 
water Monitoring. 
No. ll 

Evaluation of Statistical Procedures for Ground­
EPA Contract No. 68-01-6000. ~ork Assignment 

Keith. S.J., ~.G. Wilson, H.R. Fitch. and D.M. Esposito. 1983. Sources 
of Spacial Temporal Variability in Ground-Water Quality Data and 
Method of Control. Ground Water Monitoring ~eview. Spring: Zl-32. 

Miller, R.G. 1981. Simultaneous Statistical Inference. Springer-Verlag, 
New York. New York. 

Nelson, J.D. and R.C. Ward. 1981. Statistical Considerations and 
Sampling Techniques for Ground-Water Quality Monitoring. Ground 
Water 19:617-625. 

Nightingale. H.I. and W.C. Bianchi. 1979. Influence of Well Water 
Quality Variability on Sampling Decisions and Monitoring. Water 
Resources Bulletin 15:1394-1407. 

Pettyjohn, W.A. 1976. Monitoring Cyclic Fluctuations in Ground-Water 
Quality. Ground Wate~ 14:472-480. 

Sgambat, J.P .• and J.R. Stedinger. 1981. Confidence in Ground-Water 
Monitoring. Ground Water Monitoring Review 1:62-69. 

Skinner. J.H. 1983. Guidance on Implementation of Subpart F Requirements 
for Statistically Significant Increases in Indicator Parameter 
Values. EPA/OSWER Memorandum, November 30. 1983. 

Snedecor. G.W., and W.G. Cochran. 1967. Statistical Methods. !he Iowa 
State University Press. Ames, Iowa. 

-141-

.. --····----- ----------··-------- ·-·---·-·· --------



OS'i-I"ER-'3950 .1 

CHAPTER SIX 

ASSESSMENT MONITORING 

Once contaminant leakage has been detected via detection monitoring 

efforts. the owner/operator must undertake a more aggressive ground-water 

program called assessment monitoring. Specifically. the owner/operator 

must determine the vertical and horizontal concen~ration profiles of all 

the hazardous waste constituents in the plume(s) escaping from waste 

management areas. In addition. the owner/operator must establish the 

rate and extent of contaminant migration. !his info~tion will be used 

later by the permit writer (in addition to other information collected 

through the permit application process) to evaluate the need for 

corrective action at the facility. Alternatively. this information may 

form the basis for issuing an enforcement order compelling corrective 

action prior to issuance of a permit. 

!he Agency has observed a number of problems in the way owner/ 

operators have conducted their assessment monitorinq programs. These 

include: 

• Many owner/operators lack satisfactory knowledge of site hydro­
geologic conditions. As a result they cannot make informed 
decisions on how to carry out their assessment programs. !he 
owner/operator should have conducted a thorough site hydrogeo­
logic investigation prior to the installation of the detection 
monitoring system. 

• Some owner/operators fail to implement their assessment programs 
quickly enough or they implement programs that will take too long 
to provide information on the extent and migration of a plume. 

• Some owner/operators do not support geophysical investigation 
with a sufficient monitoring well network. Geophysical methods 
are useful for indicating contamination and for interpolation of 
contaminant concentrations between wells: however. well sampling 
is required to provide conclusive data. 

• Many owner/operators greatly underestimate the level of effor~ 
the requlator-1 agency o::(pects of them in char-acteri:ing t?l.ume 
mJ.gration. :n most cases. assessment mon1 :a r-ing lS an 1nt:ns:. ·:e 
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effort that will require the owner/operator to install numerous 

monitoring wells. ~en full plume characterization is not 
achieved with the initial r-ound of well installation. additional 

wells will be required. !he owner/operator must track and 

characterize both the horizontal and ver~ical components of the 

plume (i.e., a three-dimensional characterization). 

!his chapter describes the technical approaches and techniques the 

Agency feels are minimally necessa~J for characterizing a plume of 

contamination as required in ?art 265 assessment ~nitoring. 

6.1 Relationship of Assessment Monitoring to Ground-~ater Res~onsi­

bilities Under the Permit Acclication Regulations (Part 270) 

Interim status assessment monitoring is just one in a series of 

activities that facilities must undertake to prepare adequate permit 

applications. The Part 270 permit application regulations require 

interim status facilities to describe in their permit application any 

plume of contamination (in terms of Appendix VIII sampling) and. based on 

the lev&ls of contamination found, to develop engineering plans for the 

appropriate Part 264 ground-water program: detection monitoring, 

compliance monitoring, or corrective action. Once a facility's permit is 

called, either operating or post-closure, the owner/operator's ground­

water obligations expand from assessment monitoring alone to also include 

the monitoring and plan development responsibilities imposed by Part 270. 

The requirements relevant to facilities subject only to Part 265 

assessment monitoring differ from those subject to Part 265 AND Part 270 

(by virtue of a permit call-in) in two important ways. 

First, the Part 265 assessment program requires monitoring for 

hazardous waste constituents (primarily Appendix VII), whereas Part 210 

[§270.l4(c)(4)] requires Appendix VIII monitoring (Note: Appendix VII 

is a subset of Appendix VIII--see Section 3.3 of the Compliance Order 

Guidance for a further elaboration of this point). Therefore, assessment 

plans of facilities subject to permitting should be based on the broader 

Appendix VIII monitoring requirements embodied in ?art 270 (see 

Sectlon 6. 7). 
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Second. ?art 255 assessmen~ monitoring ac:~ies only ~o fac~:i~:es 

~~~ ce~ec:ed con~ami~Aticn :~:ough a si~i:ic~~: :~crease (o: :H 

~ecrease) in ?art 265 :~ca~or.~arame~ers (i.e., ::~se t~4t were 

fo~lly triggered ur~er :~e regulations). ~~ re~~remen~ :o look for 

ana ~escri!:e any plume of con~amina~ion !n ten~S of ~ppendix '1!!::: 

cons~i:uen~s (as a ccr~:ion of ~~e permit application process) applies 

to :ac~li:ies :~t ce~ec:ed con~amination ~~rough ?a~ 265 detec:~or. 

moni:or:r.g. as we~l as :o any facility whose ?art Z65 detec~ior. 

monitoring system is :=adequate :o ~etec: a pl~e. s~~uld it occur. 

A5 noted in C:A~ter : of ~~e Comcl!ar.ce Crder ~uidance (August 

1985), faci:ities wi~~ inadequate ?art 265 mcni:or:=q systems are 

required :o conduct :~e Appendi% IJ!!! samplir.q and assessmen~ ac:i7ities 

required by ?art Z70 (and necessar1 to make reasoned decisions about wha~ 

?a~ :6~ ground-water :rogram to incorpora~e in ~~e permit) simply 

because ~~ey have avoided coM9liar.ce wi~~ Part Z65 detection mon~to::r.g 

in ~~e pas:. Fur--~e~re. s~~ facilities should net be allowed to s:ar: 

t.~ Part 2.65 detection sequence over again. thus postponing ~~e time when 

~-~ facilit7 will be co=pelled :o sample for actual constituen~s in 

ground water even i: ~~ey did not formally "trigger·' into Part 265 

assessment. :he ~~ Grour.d~ater ~onitorina Comcliance Order Guieance 

e%?lains in greater detail the legal and te~~cal :&ses for advanc:r.; 

facilities wi~~ inadequate ?ar: Z65 detection systams into t~e ti7e of 

assessment activities described in ~'tis cl':apur. io.1tile the language o: 

~~ ~~•peer speaks in terms of ?art 265 assessment activities. the 

techniques discussed herein are equally applicable to facilities 

~inq plume characteri:aticn activities as par: of the permic 

application process. 

6.2 Contents of a Part 265 AssesSDeDc MoaitoriDq·Plan 

Owner/operators conducting plume ~~racteri:aticn activities as 

part of Part 265 assessmenc monitoring are required to have a written 
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assessmen~ ~~ni~oring plan. :~e nlan se~;es as ~~; bl~eprin~ for the 
. - . the rate a:::: e:-:ten~ o: :om:am~nant 

migra~ion. ?lans must contain sufficient detail to determine the nature 
and extent of the plume. 'i-i'hen e•;al:.!atin; :a::._.:~.:.es in assessment 
monitoring, ~ec~~ical reviewers should focus =cth o:: (l) sc~~tinizing ~he 

adequacy of ~he written assessment :;:lan, and (2) re'liewing the owner/ 
opera~or's i=plementation of :he :;:lan in ~he :.:.e~c. 

:'here are a number of elements :hat owner/opera:ors should include 
in :heir assessment monitoring plans. The rerraini::; sections of this 
chap~er are crganized arounc :he following elemen~s of an adequa~e 
assessmen~ ;::an: 

• Sec~.:on 6.3 - narrati'le discussion of ~he hydrogeologic 
cor.:.: :ions at the owner/operator's si -:e: i=.en~i:ica~i.o:-. of 
?O~en-:ial contaminant :athways; 

• Sec~:on 6.~ - descr:::io:: c: -:ne owner;o=era-:or s detection 
monitoring system; 

• Section 6.5 - descri:;:~:on of :he a:;::;:roa:h :he owner/operator wl •• 
·.:.se :o make the first :.eter:nina~ion (:a:se positives rationale); 

• Se:t:.on 5. 5 - description of :he i::ves:i:a-:or: approach the 
owner;operator will use :o :ully chara:teri=e rate and extent of 
:ontam~nant migra~ion; 
inves~i.gatO~J phases; 

~ . -. . . . . -:cent::lca::on a:::: :::.scusslon o: 

• Section 6.7- discussion of ::umber .• oca::.c::. and depth of wells 
:he owner/operator wi::. ini tiall~:" install. as well as strategy 
for installi .. ; more wells i:-1 subseg'..Ient i::·:estigatory :;:hases; 

• Sect:.on 6.3 - lniormation on well des1;r. a:::. construction; 

• Sectio:l 6.9 -a descri:;:tion a: the sampli::; and anal1~i:al 
:;:rogra~ the ownertoperator ~ill use to ob:a:n and analyze 
ground-water monitorir.g data; 

• Section e .• J description of data collection and analysis 
procedures the owner/operator p'.ans to employ; 



• Sec:icn 6.:: - : ~is=~ss:cn of ~~e ~=oced~res ~he owner/opera:or 

wi:: ~se :o de:e~.:ne ~he :a:e oi :cns:i:~en: ~igra:ion :n ~=ound 

wa:::::-; and 

• - a sctedu~e for :~e i~plementa:ion of each phase of 

the assessment ~rogr~~. 

:.~ Descriction of Hvdroaeologic Conditions 

-~ owner/operator :a~~ot :endue: an adequate assessment ~oni:or:ng 

progr~~ withou: a thoro~;:: -~de:::-s:anding of site hydr=geologi: condi:ions. 

Such an unders:anding, ;a~ered :h:::-ough s::e charac:er:zation acti~i::es 

(refer :o c:-.ap:er C:ne), al:ows :he owner/operator to i.dem:ify likely 

:on:~i~.ant ~a:hways. :centifi:ation of these pathways allows the 

owner1opera:or ~o foc~s effcr:s en trackin= and :~.arac:erizing plume 

~ovement. :t :s i~por:an: :o note that :he initial site characterization 

carr:ed out "=.y :he owner/opera:or should provide enough hydrogeologic 

i~~o~ation ~o allow :he owner/operator not only to design a detection 

~on::oring sys:em, =ut also ~o :~an and car~J out an assessment moni:oring 

:~e owner1operator s assessment plan should descr:be 1n detai:ed 

narrati7e fo~ what hydrogeolog:: conditions exist a: :he owner/operator's 

site. :he ::an should descri=.e :he potential pathwa~of consti:~ent 

~igra:ion a= ~~e si:e, :~cl~=i~~ depth to water in aquifer, aquifer 

connections to surface water and/or 1eeper aquifers, :low rate and 

direction, and any st~~=:~res such as frac:~res and faults which could 

affect migra:ion. !he owner/operator's plan should also describe how 

hydrogeologic conditio~~ r.ave iniluenced the type of assessment effort 

that will be used to c~.arac:erize plume migration. :his portion of the 

owner/operator's assess~ent plan should recapitulate the hydrogeologic 

investigator:· program the owner/operator ~dertook prior to installing a 

detection monitoring system (see Chapter One). It should describe the 

investigator:· approach used ~y :he owner/operator to characterize subsur­

face geology and hydro~o~·· :he nature and extent of field investigatory ~ 
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ac:i ·:i ties • and t.!':e ::-esu.:.:s c£ :::e ·..tell as ;r::;,viCe an 

explicit disc~slon on ~ow :::cse ::-esul:s ha7e ~~~~ec declSlCr~ :~e 

owner/operator ~•s ~de conce~~~g :.!':e ?lar.~~~~ ace i~plemen:at~on o: :::e 

assessment monitori~ proqram. As par-= of t . .':.e plan. t.!':e owner/operator 

should append various su;po~i::g do~~entation s~~ as those described 'in 

!a.ble l-1. 

5.4 :escri~tion of Oete~ion Monitorina Svstem 

:he ownertopera:or's assessment ~lan shauld describe t.!':e ex~Stl::g 

detection ~nitoring system l:: place a: ~~e owner/operator's :acili:y. 

!he pr!mary concern is wne~er the existing well system is capable of 

detectinq contaminant leakage ~·•t may be escaping from the faci:i:y. 

:.!':e owner/operator's detect!On ~nitorinq system is deficient. e!t.!':er i:: 

des~ or operation. ?lumes ~y exist unnotlced. :his portion of :.::e 

owner/operator's assessment ;.:.an should descr~be ~~e phys1cal :ayou: of 

t.!':e owner/operator's detection ~nitori~~ well s:nstem (e.g .• hor~:on:al 

and vertical orientation of i~~ividual wells> and identify assumptions 

used b? the owner/operator in desiqninq the detection monitoring system 

(pa~icularly hew hydrogeologic condition affected the decision mak~::g 

proc:ess >. 

5.5 ~escriotion of Aooroaeh for Makipq First Determination­
False Pos1t1ves 

Chapter Five described r~irements ~·•t owner/operators must meet 

in terms of statistical anal:~is of detection monitorir~ data. Onca~e 

owaar/operatcr ra~las &ad the Statistical test- aqain S"UqqeS1:S that :an 

i.Ddicator paraMtar has iDcnuaci in a dolmg'aciiat· ,.11 ( s )'•""' th8 

owaar/oparator aast ~lemant an assas..ant 801litorinq· proqram·: 

Fiqure 6-l illustrates ~~ sequence of events that occurs immediately 

before and after ~~~ shift to assessment monitori:lq. Of particular 

intArest are these situations where the ovner/opera~or believes that 

con-amination may r•ve been :alsely indicated and thus describes in the 

-
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OWNER/OPERATOR CONDUCTS 
STATISTICAL. ANAL. YSIS- SIGNIFICANT 
INCREASE INDICATED fCHANGE FOR pHI 

OWNER/OPERATOR IMMEOIA TEL. Y RESAMPL.ES -
SIGNIFICANT INCREASE VERIFIED 

+ 
tr FACILITY SHIFTS FROM DETECTION * 
* TO ASSESSMENT MONITORING tr .. . 
OWNER/OPERATOR NOTIFIES REGIONAL. 

ADMINISTRATOR WITHIN 7 CAYS OF 
VERIFYING INCREASE 

+ 
OWNER/OPIRATOR SUBMITS ASSESSMENT 

P\.AN WITHIN 15 DAYS OF VERII"YING 
INCREASE; OWNER/O'IRATOR MAICES 

FALSE POSITIVE CL.AIM IN ASSESSMENT PL.AN -
BEGINS IMMEOIA TE IMPL.EMENT A TION 

01" SHORT· TERM (30 OA YSI 
SAMPLING PROGRAM AS FIRST 

DITERMINA TION 

• REGIONAL ADMINISTRATOR 
ENTERTAINS OWNIR/OPIRATOR"S 

FALSI POSinVE CL.AIM IF: 

• OWNIR/OPIRATOR'S DITicnON 
MONITORING SYSTEM IS PROPIRL Y 
OUIGNID: AND 

• OWNIR/OPIRATOR ADVANCIS A 
SHORT·TIRM SAMI'L.ING PROGRAM 
WHICH FOCUSES ON A,.,_OPRIATI 
CONSnTUENTS 

CONTAMINATION CONI"IRMID: 
OWNIR/OPIRATOR BEGINS 

I"ULL CHARACTIRIZATION 01" PLUMIISI 

t 
I"ALSI POSITIVI INOICATID: 
OWNIR/OPIRATOR RETURNS 
TO DITicnON MONITORING 

FIGURE 6·1 PROCEDURE FOR EVALUATING FALSE POSITIVE CLAIMS BY OWNER/OPERATORS 
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assessment plan a short-term program to subs~antia~e or disprove this 

false positive claim (i.e .• false positive investigation is focus of 

first determination- §265.93(d),(5)). !here are a number of facilities 

for which the first determina~ion is no longer relevant. e.g., facilities 

under 3008(h) enforcement action. See the RCRA Ground-Water Monitoring 

Compliance Order Guide for details. 

When an owner/operator's de~ection monitoring sys~em is properly 

designed, the first determination under assessment monitoring may focus 

on substantiating a false posltive claim. If an owner/operator's 

detection monitoring system is inadequate, it is difficult to evaluate 

whether leakage has occurred. Substantiation of a false pos1tive cla1m 

would be a lengthy process. potentially involving hydrogeologic work. the 

installation of a new detection well network, and evaluation of var1ous 

additional sampling data. ·In those cases, officials should reject a 

false positive analysis as the focus of the first determination when the 

existing system is inadequate, and instead require the owner/operator to 

(l) correct deficiencies in the detection monitoring system: and 

(2) initiate a program that will consider specific constituents of 

concern in the existing wells, and in the new wells as they are installed. 

If, however, an owner/operator's detection monitoring system is 

adequately designed, the owner/operator may propose, as the firs~ 

determination, a short-term sampling program--generally no longer than 

30 days--and an analysis of other related data that will permit 

investigation of whether the statistical ehange noted in Part 265 

indicator parameters truly represents migration of leachate into the 

uppermost aquifer. Such short-term sampling programs, however, do not 

allow for the evaluation of seasonal variation. Data gathered over the 

short term. therefore, should be analyzed to control for the season in 

which the data were collected. in order to establish comparability 
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with previous data. For units subjec~ on:y to the Part 265 standards. 

the short-term sampling program must, at a minimum, confirm that no 

hazardous waste constituents (Appendix V!:) have migrated into the 

uppermost aquifer. For units subject to the Part 270 requirements 

(because they are seeking an operating permit or the Agency has called 

in their post-closure permit), the owner/operator should include 

constituents selected from Appendix VIII in the sampling program. 

After conducting the short-term sampling program (constituting :~e 

first determination), the owner/operator must subm1t to the Regional 

Administrator a written report describing the ground-water quality. 

the sampling program confirms that leakage has not occurred, the 

owner/operator may continue the detection monitoring program or enter 

into a consent agreement with the Agency to follow a revised detection 

protocol designed to avoid future false triggers. If, however, the 

short-term sampling confirms that leakage has occurred. the 

owner/operator must immediately begin implementation of an assessment 

program. 

6.6 Description of Approach for Conducting Assessment 

A variety of investigate~/ techniques are available for use during 

a ground-water quality assessment. They can be broadly categorized as 

either direct or indirect methods of investigation. 

All assessment programs should be designed around the direct met~od 

of actual collection of a sample with subsequent chemical analysis to 

determine actual water quality (i.e •• installation of monitoring wells). 

Other methods of investigation may be used when appropriate to choose the 

locations for well installation. For certain aspects of an assessment, 

such as defining plume location, the use of both direct and indirect 

methods may be the most efficient approach. 

The methods planned for use in an assessment should be clearly 

specified and ~·1aluated to ensure that <:he pe:-formance standard 
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established for assessments can be met. E~aluating the use of di~ec~ 

and indirect methods is discussed separately below. 

6.6.1 Use of Direct Methods 

Ground-water monitoring wells. either existing or newly installed. 

are necessary to provide sampling data to establish the concentration of 

hazardous constituents released from the hazardous waste management area. 

and the rate and extent of their migration. !he owner/operator should 

construct assessment monitoring wells and conduct sampling and analysis 

in a manner that provides reliable data. Chapters !hree and Four. 

respectively. present guidance in these areas. 

At facilities where it is known or suspected that volatile organics 

have been released to the uppermost aquifer. organic vapor analysis of 

soil gas from shallow holes may provide an initial indication of the 

areal extent of the plume (Figure 6-4). !o this end. the owner/operator 

may use an organic vapor analy~er {OVA) to measure the volatile organic 

constituents in shallow hand-augered holes. Alternatively. the 

owner/operator may extract a sample of soil gas from a shallow hole and 

have it analyzed in the field. using a portable gas chromatograph. !hese 

te~~iques are limited to situations where volatile organics are 

present. Further. the presence of intervening. saturated. low 

permeability sediments strongly interferes with the ability to extract a 

gas sample. Although it is not necessarily a limitation. optimal gas 

chromatography results are obtained when the analyte is matched with the 

highest resolution technique {e.g .• electron capture/halogenated 

species). !he owner/operator should attempt to evaluate the 

ef!ectiveness of this approach by initial OVA sampling in the ~icinity of 

wells known to be contaminated. 

Descriptions of the direct methods and their limitations that will 

be employed during assessment monitoring should be included in the 
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assumes a detailed knowledge of the relevant inpu~ paramecers {e.g .. 

perme~i~fty~ porosity, etc.) eve~rwhere ~n the area be~ng.model~d. :his 

is a lJJD~t,at~on that must be COI;lS~dered s~nce lt would be ~rnposs~ble to 

obtain all~f the input parameters without disturb~ng and altering the 

"· physical syst~. 
'· 

Since a mod-.~ uses assumptions as to both the physical processes 

involved and the spatial and temporal variations in field data. the 
\ 

results produced by~he model at best provide a qualitative assessrnenc of 
\ 

the extent. nature. ariQ migration of a contaminant plume. Because of the 
\ 

assumptions made. a lar~ degree of uncertainty is inherent in most 

modeling simulations. Th.refore. modeling results should not be unduly 
\ 

relied upon in guiding the placement of assessment monitoring wells or in 
\ 

designing corrective actions.\ 
\ 

Where a model is to be used';\ site-specific measurements should be 

collected and verified. The natur~ of the parameters required by a model 

va~ies from model to model and is a 'function of the physical processes 

being simulated (i.e •• ground-water flow and/or contaminant transport). 

as well as the complexity of the model. · ... In simulating ground-water flow, 

the hydrogeologic parameters tr~t are usually required include: 

hydraulic conductivity (vertical and horizontal); hydraulic gradient; 

specific yield (unconfined aquifer) or specific storage (confined 

aquifer>; water levels in both wells and nearby'surface water bodies; and 

estimates of infiltration or recharge. In simulat~ng contaminant 
' 

transport. the ,physical and chemical paramete-rs that, are usually required 

include: ground-water velocity: dispersivity of the \aquifer: adsorptive 
\ 

eharacteristics of the aquifer (retardation); degradation characteristics 

of the contaminants; and the amount of each contaminant entering the 

aquifer (source) .. 

Dispersivity values of the aquifer should be based on site-specific 

field test (i.e •• tracer test) data or on field dispersivity values 

obtained from the l~teracure. 
\ 

Caut~on should be used whe~:e la~raco~:y 
' \ 
\ 
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assessment plan. These descriptions should be sufficiently detailed to 
allow the method to be evaluatedtand to ensure that the method wil1 be 
properly executed. 

other direct methods :hat may be used :o define the extent of a plume 
include sampling of seeps and springs. Seeps and springs occur where the 
local potentiometric surface intersects the land surface and results in 
ground-water discharge into a stream, rivulet, or other surface water 
body. Seeps and springs might be observed near marshes, at road cuts, or 
near streams. Discharges from seeps and springs reflect the height of 
the potentiometric surface and are likely to be most abundant during a 
wet season. 

6.6.2 Use of Indirect Methods 

A variety of methods are currently available for identifying and. to 
a limited extent, characterizing contamination in the uppermost aquifer. 
There are several geophysical techniques of potential use to an owner/ 
operator, including electrical resistivity, electromagnetic conductivity, 
ground penetrating radar, and borehole geophysics. Remote sensing and 
aerial photography are additional indirect methods an owner/operator may 
find useful. These techniques, with the exception of aerial photographic 
methods, operate by measuring selected physical parameters in the 
subsurface such as electrical conductivity, resistivity, and temperature. 

The value of indirect methods is not the provision of detailed, 
constituent-specific data for which they presently are clearly limited, 
but rather for delineating the general areal extent of the plume. This 
is extremely important to the owner/operator for two rc1sons: 

1. Knowing the general outline of the plume before additional wells 
are constructed reduces the need for speculative wells. The 
assessment monitoring program, therefore, becomes more 
efficient, since well placement is guided by analytical data. 

2. As the plume migrates and its margins change, the owner/operator 
may track its movement to help locate new wells. 
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:here are drawbacks to the exclusive use of geophysical techniques 

in assessment monitoring relating to the high level of detail necessary 

to c~aracterize the chemical =omposition of a ground-water plume. For 

these methods to be success£ul, =ontaminant(s) of interest must induce a 

change in the subsurface paramecer measured. 

be distinguishable from ambienc conditions. 

:his change, in turn, must 

For example, the electrical 

properties of organic hazardous constituents are generally attenuated or 

mas~ed by subsurface ma~erial proper~ies. Unless these constituents are 

present in high concentrations, chey generally will not register during 

resistivity or conductivity surveys. Moreover, nonuniform subsurface 

conditions may obscure low levels of certain contaminants in ground 

wacer. Another drawback to ~he exclusive use of geophysical methods at 

present is their inability co measure specific concentrations of 

individual constituents or provide good vertical resolution of 

cons~ituent concentration. :n addition, man-made structures such as 

powerline towers, buried pipelines, roads, and parking lots may interfere 

wic~ the performance and reliability of many geophysical methods. :he 

owner/operator should, therefore, only use indirect methods to guide the 

inscallation of an assessment monitoring system and to provide an ongoing 

chec~ of the extent of contaminant migration. 

6.6.3 Mathematical Modelina of Contaminant Movement 

Mathematical and/or compu~er modeling may provide information useful 

to ~he owner/operator during assessmen~ monitoring and in the design of 

corrective actions. The information may prove useful in refining concep­

tualizations of the ground-water regime, defining likely contaminant 

pathways, and designing hydrologic corrective actions (e.g., pumping and 

treating, etc.). 

Since a model is a mathematical representation of a complex physical 

system, simplified assumptions must be made about the physical system, so 

t~at it may fit into the more simplistic mathematical framework of the 

rr.odel. Such assumptions are especially appropriate, since the model 



assumes a detailed knowledge of :he relevant :nput parameters (e.g., 
permeability, porosity, etc.) evervwhere in ~he area being modeled. Th1s 
is a limita~ion that must be considered since it would be impossible to 
obtain all of the inpu~ parameters without dis~urb1ng and alter1ng the 
physical system. 

Since a model uses assumptions as to bot~ the physical processes 
involved and the spatial and temporal variat1ons in field data, the 
results produced by the model at best provide a qualitative assessment of 
the ex~ent, nature, and migration of a contam1nant plume. Because of the 
assumptions made, a large degree of uncertain~y is inherent in most 
modeling simulations. Therefore, modeling res~lts should not be unduly 
relied upon in guiding the placement of assessment monitoring wells or in 
designing corrective actions. 

Wnere a model is to be used, site-specific measurements should be 
collected and verified. The nat~re of the parameters required by a model 
varies from model to model and is a function of the physical processes 
being simulated (i.e., ground-water flow and/or contaminant transport), 
as well as the complexity of the ~odel. In simulating ground-wa~er flow, 
the hydrogeologic parameters that are usually required include: 
hydraulic conductivity (vertical and horizontal); hydraulic gradient; 
specific yield (unconfined aquifer) or specific storage (confined 
aquifer); wa~er levels in both wells and nearby surface water bodies; and 
estima~es of infiltration or recharge. In simulating contaminant 
transport, the physical and chemical parameters that are usually required 
include: ground-water velocity; dispersivity of the aquifer; adsorptive 
characteristics of the aquifer (retardation); degradation characteristics 
of the contaminants; and the amount of each contaminant entering the 
aquifer (source). 

Dispersivity values of the aquifer should be based on site-specific 
field test (i.e., tracer test) data or on field dispersivity values 
obtained from the literature. Caution should be used where laboratory 

-:56-



OS~"ER-9950.: 

dispersivity· values are proposed, since such •Jalues are often ordecs of 

magnitude lower than. field values. Retardation is often expressed as a 

functional relationship (isotherm) between mass of contaminants in the 

ground water and mass of contaminants adhering to the soil/rock. These 

isotherms are based on soil bulk density, effective porosity, and-cation 

exchange capacity. Retardation may also be determined from the 

octanol-water partition coefficient and fractional portion of organic 

matter in representative volumes of soil. Degradation of contaminants 

depends upon the type of const~tuents and the probability for chemical 

and biological decay. Dispersion, retardation, and degradation tend to 

decrease plume concentration and attenuate its travel time. Where these 

parameters are not well characterized, use of lower values will produce 

greater conservatism in the results. 

Contamina~ts leaking/leaching from a waste facility may react with 

the pre-existing ground~water chemistry, resulting in an increase (or 

decrease) in mobility. Backqround ground-water quality (e.g., indicator 

parameters plus Cl-, Fe, Mn. Na+, S04. ea+,-Mg+, N03-. P04=. silicate. 

ammonium. alkalinity, or acidity) is important to determine the reactivity 

and solubility of hazardous constituents in ground water. and therefore 

is useful in predicting constituent mobility under actual site conditions. 

The physical and chemical characteristics of the site-specific leachate 

(e.g •• density, solubility, vapor pressure. viscosity, and octanol-water 

partition coefficient) and hazardous waste constituents should also be 

known as they affect constituent movement. !o fully assess the effect on 

contaminant mobility, a water chemistry model may be employed as a 

component of the overall modeling study. Since this would add a large 

degree of complexity to the modeling study, conservative assumptions 

(i.e •• maximum mobility of constituents) may be appropriate where time 

and/or resources are limited. 

Mathematical models are comprised of analytical equations by which 

~he hydraulic head or concent~ation of a contaminant may be calculated 
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for a specified location at a specified time. These models are 

categorized into two main ca~egories: those which are simple enough tha~ 

governing equations can be solved by analytic techniques ("analytical 

models"); and those which are more complex and can only be solved by 

computer ("numerical models"). !he analytical solutions to the first 

category are often so sufficiently complex that they too can be solved by 

computer. !he numerical models are usually better suited to simulate the 

complex conditions that describe the actual environment. Both types of 

models, collectively referred to in this document as computer models. 

require the recognition of inherent assumptions. the application of 

appropriate boundary conditions. and the selection of a coherent set of 

input parameters. 

Model input parameters tr~t can be determined directly should be 

measured with consideration given to selecting representative samples. 

Since the parameters cannot be measured continuously over the entire 

region but only at discrete locations, care should be taken when 

extrapolatinq over regions where there are no data. These considerations 

are especially important where the parameters vary significantly in space 

or time. !he sensitivity of the model output both to the measured and 

assumed input parameters should be determined and incorporated into any 

discussion of model results. In addition. the ability of the model to be 

adequately calibrated (i.e .• the ability of the model to reproduce 

current conditions (water levels. contaminant concentrations. etc.)) and 

to reproduce past conditions should be carefully evaluated in assessing 

reliability of model predictions. Model calibration with observed 

physical conditions is critical to any successful ground-water modelinq 

exercise. 

A plethora of ground-water computer models exists, many of which 

would be suitable for a given situation. Since EPA is a public agency 

and models used by or for EPA may become part of a judicial action. EPA 
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approval of model use should be restricted to those models that are 

publicly available (i.e., those models tha~ are available to the public 

for no charge or for a small fee). The subset of ground-water mode:s 

that are publicly available is quite large and should be sufficient :or 

most ground-water applications. Publicly available models include those 

models developed by or for gove~ent agencies (e.g., EPA. USGS, DCE. 

NRC. etc.) and national laboratories {e.g., Sandia. Oak Ridge, Lawrence 

Berkeley, etc.), as well as models made ?ublicly available by priva~e 

contractors. Any publicly available model chosen should, however. be 

widely used, well documented, have its theorf published in peer-reviewed 

journals, or have some other characteristics reasonably assuring its 

credibility. For situations where publicly available computer models are 

not appropriate. proprietary models (i.e., models not reasonably 

accessible for use or scrutiny by the public) should only be used where 

the models have been well documented and have undergone substantial ?eer 

review. Where these minimal requirements have not been met. the model 

should not be considered reliable. A partial list of publicly available 

computer models includes: 

• Modular 3-Dimensional Finite Difference Groundwater Flow Model 
(USGS}, to evaluate complex hydrologic conditions; 

• Computer Model of Two-Dimensional Solute Transport and Dispersion 
in Ground Water (USGS), to predict contaminant transport; 

• Illinois State Water Survey Random Walk Solute Transport Model 
<ISGS), to predict contaminant transport; 

• ATl23D (Oak Ridge or EPA}, to calculate concentrations isopleths 
for transient contaminant flow through a simplistic aquifer flow 
field in up to three dimensions; 

• ~TERIFEMWASTE (Oak Ridge), to predict contaminant transport 
in both the saturated and unsaturated zones; 

• SWIFT (NRC or Sandia}, to predict contaminant transport and 
complex hydrologic flow conditions in up to three dimensions; and 

• SWI? {EPA), similar to SWIFT. 
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If an owner/operator plans to use a model to guide an assessmen~ 

monitoring program. the owner/operator must be able and willing to 

describe how the model works. as well as to explain all assumptions used 

in calibrating and applying the model to the site in question. In 

addition. the model and all related documentation should be made 

available to EPA and its contractors for review and scrutiny. 

6.7 Description of Samclina Number. Location. and Depth 

The regulations require that the assessment plan specify the number. 

location. and depth of wells to be installed as part of the assessment. 

As the discussion on assessment methodology provided in Section 6.4 has 

indicated. the owner/operator may use other sampling techniques (e.g .• 

indirect methods and coring) in addition to the installation of permanent 

monitoring wells to augment the data generated by wells. The owner/ 

operator's assessment plans should. however. speci!y the number. 

location. and depth of wells that will be installed to characterize rate 

and extent of migration. and constituent concentrations. and present 

explanations for the decisions. 

It may not always be possible for the owner/operator to identify at 

the outset of an assessment the exact number. location. and depth of all 

sampling that will be required to meet the goals of an assessment. Many 

times the investigations undertaken to characterize contamination during 

an assessment will proceed in phases in which data gained in one round of 

sampling will guide-the next phase of the investigation. For example. 

surface geophysical techniques can be effectively used in tandem with the 

installation of monitoring wells as a first phase in the assessment 

program to obtain a rough outline of the contaminant plume. Based on 

these findings. a sampling program may subsequently be undertaken to more 

clearly define the three-dimensional limits of the contaminant plume. In 

the third phase. a sampling program to determine the concentrations of 

hazardous waste constituents in the interior of the plume may be under­

taken. !n this case. a detalled descr1ption of the approach that ~lll: be 
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used to investigate the site should be incl•..1ded in the assessment. ;:::.an. 

!his description should clearl7 identify the number, location. and dept~ 

of any sampling planned for ~~e· initial phase of the investigation. !he 

outline should also clearly identify what basis will be used to select 

subsequent sampling locations. including the geologic strata that are 

likely to be sampled and the anticipated frequency of sampling. At a 

minimum. several well clusters should be installed concurrently to define 

the extent of contamination and concentration of contaminants (see 

Section 6.7.2) and to profile the vertical extent of migration (see 

Secdon 6. 7 .3). 

6.7.1 Collection of ~dditional Site Information 

!he hydrogeologic site c~racterization requirements for the 

detection monitoring program include: 

• !he subsurface geology below the owner/operator's hazardous waste 
facility; 

• !he vertical and horizontal components of flow in the uppe~st 
saturated zone below the owner/operator's site; 

• !he hydraulic conduc~ivity of the uppermost aquifer; and 

• !he vertical extent of the uppe~st aquifer down to the first 
confining layer. 

If this characterization does not include all the hydrogeologic infor­

mation necessary to characterize the rate of contaminant movement. the 

owner/operator should obtain this information for the assessment phase. 

Examples of the additional information that may be needed to determine 

the rate of contaminant movement include: mineralogy of the materials in 

the migration pathway; ion exchange capacity of the material; organic 

carbon content of the materials; background water quality of the pathway 

(e.g., major cations and anions); the temperature of ground water in the 

migration pathway; and the transmissivity and effective porosity of the 

material in the pathway. ~his information will help define the transpor~ 
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mechanisms which are mos~ impor~ant at the site. All information 

collected during the inves~igation of the plume (i.e., boring logs, ~ore 

analysis. etc.) should be recorded and the hydrogeologic descriptions of 

the site updated when appropriate. 

Prior to adding new wells. a good estimation of plume geometry can 

be determined from a review of current and past site characterizations. 

For example. piezometer readings surrounding a contaminated detection 

well can be taken to ascertain the current hydraulic gradient. When 

these values are compared to the potentiometric sur:ace map developed 

during the site investigation, the general direction of plume migration 

can be approximated. ~y seasonal or regional fluctuations should be 

considered during this comparison. A review of the subsurface geology 

may also identify preferential pathways of contaminant migration. 

!o limit drilling speculative wells. geophysical and modeling 

methods can also be employed to yield a rough outline of the plume. !his 

expedites the assessment monitoring program. Monitoring wells can then 

be strategically placed to precisely define the plume geometry. 

6.7.2 Samolinq Densitv 

!he program of sampling undertaken during the assessment should 

clearly identify the full extent of hazardous waste constituent migration 

and establish the concentration of individual constituents throughout 

the plume. In the initial phase of the assessment program. the owner/ 

operator's vell installation/sampling should concentrate on defining 

those areas that have been contaminated by the facility. A series of 

well clusters should be installed in and around the plume to define the 

extent of contamination and concentration of contaminants in the 

horizontal plane. This network of monitoring valls. the number of which 

may vary from site-to-site. must thoroughly define the horizontal 

boundaries of the plume. and will identify and quantify contaminants. 

Well placement should be performed expediently, but in accordance with a 
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carefully thought out and documented assessmenc monitoring plan. To 

obtain accurate plume definition at a partic~lar momenc in time it is 

necessary to install well cluscers concurrently. Surface geophysical 

techniques should also be used. where appropriate. to help facilitate 

plume definition. An assessment monitoring program that does not 

thoroughly characterize the plume may result in higher assessment 

monitoring costs. higher correc~ive action costs. and unnecessary delay. 

!he dens~ty of wells or amount of sampling undertaken to completely 

identify the furthest extent of migration should be determined by the 

variability in subsurface geology. Formations, such as unconsolidated 

deposits with numerous interbedded lenses of varying permeability or 

consolidated rock with numerous fractures, will require a more intensive 

level of-sampling and carefully placed wells to ensure that all contami­

nation is detected. 

Assessment monitoring wells should be constructed of inert materials 

to minimize chemical interaction between well casing material and 

contaminant constituents. Also, the length of the well screen should be 

relatively small, since the wells will be used to assess constituent 

concentrations at discrete locations in the plume. 

Sampling is also required to characterize the interior of any plume 

detected at the site. This is important because the migration of many 

constituents will be influenced by natural attenuation/transformation 

processes. Sampling at the periphery of the plume may not identify all 

the constituents from the facility that are reaching ground water, and 

the concentration of waste constituents detected at the periphery of the 

plume may be significantly less than in the plume's interior. Patterns 

of concentration of individual constituents can be established throughout 

the plume by sampling alonq several lines that perpendicularly transect 

it. The number of transects and spacing between sampling points should 

be based on the size of the plume and variability in geology observed at 

the site. When sampling in fractured rock. for e~ample. mon~tor1ng wells 
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should be located such that the well screens intersec~ frac~ure zones 

along likely contaminant ?athways. Sampling locations should also be 

selected so as to identify those areas of maximum contamination within 

the plume. In addition to the expected contaminants. the plume may 

contain constituent degradation/transformation products, as well as 

reaction products. 

6.7.3 Sampling Decths 

!he owner/operator should specify in the assessment plan the depth 

at which samples will be taken at each of the planned sampling locations. 

These sampling depths should be sufficient to profile the vertical distri­

bution of hazardous waste constituents at ~~e site. Vertical sampling 

should identify the full extent of vertical constituent migration. 

Vertical concentration gradients. including maximum concentration of each 

hazardous waste constituent in the subsurface, should similarly be 

identified. !he amount of vertical sampling required at a specific site 

will depend on the thickness of the plume and the vertical variability 

observed in the geology of the site. All potential migration pathways 

should be sampled. the sampling program should clearly define the 

vertical extent of migration by identifying those areas on the periphery 

of the plume that have not been contaminated. 

In order to establish vertical concent:ation gradients of hazardous 

waste constituents in the plume. the owner/operator must obtain a 

continuous sample of the plume, which means well clusters should be 

employed. the owner/operator, however, cannot know the vertical extent 

of the plume; therefore, the first well in the cluster should be screened 

at the horizon where contamination was discovered, bearing in mind that 

screen length should be relatively small. Additional wells in the 

cluster should be screened, where appropriate, above and below the 

initial sampling depth. ·until the margins of the plume are established. 

Basically, several wells should be placed at the fringes of the plume to 

define its vertical margins. and several wells should be placed within 
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the plume to identify contamirAnt constituencs and concencrations. Care 

must be taken in placing con~:;uously screened wells close togecher, 

since the drawdown from one may influence the nexc, and thus change the 

horizon from which the samples are drawn. Figure 6-3 shows an example of 

assessment monitoring well cluster placement in the same setting as 

depicted in Figure 2-5. These figures illustrace the relationship 

between detection and assessmen~ monitoring wells and clusters. 

!he specifications of sampling depthS included in assessment plans 

should clearly identify the incerval over which each sample will be 

taken. It is important that :hese sampling inte~Jals be sufficiently 

discrete to permit vertical profiling of constituent concentrations in 

ground water at each sampling location. Sampling will only provide 

measurements of the average contaminant concentration over the interval 

from which that sample is taken. Samples taken from wells screened over 

a large interval will be subject to dilution effects from uncontaminated 

ground water lying outside the plume limits. Screened intervals should 

be kept relatively small. especially where small vertical concentracion 

gradients are expected. 

As part of the progressive assessment monitoring program. the 

owner/operator can use geophysical techniques to help verify the adequacy 

of the placement of the assessment monitoring network. Adjus~ments to 

the assessment monitoring program may be needed to reflect plume 

migration and changes in direction. 

6.8 Description of Monitoring Well Design and Construction 

The monitoring well design and construction requirements for 

assessment monitoring well networks are equivalent to the requirements 

presented in Chapter Three for detection wells. 

6.9 Description of Samcling and Analvsis Procedures 
I 

!he owner/operator's sampling and analysis plan should be updated to 

~eflect the differen~ ana1y~::a1 requirements of assessment ~on~tor:ng. 

-165-

·. ~-·- --- ·- .. ··--------



:I 
1 
:I 

I ..... 
0\ 
0\ 
I 

LEGEND 

• ASSESSMENT WELLS AND/OR CLUSTER 

@ DETECTION WELL CLUSTER 

-~· POTENTIOMETRIC SURFACE Of UPPER SAND 

•••••• CONTAMINANT PLUME PERIMETER 

• :sJ. • POTENTIOMETRIC SURFACE OF LOWER SAND 

WELL4 
(PROJECTED 180 FEETt 

2 - ...... 
, 3•'-- ... ___ 
I 

• 
' 

c.=ll 
0 400 

FEET 

B' 

B WELL 6 B' 

WELL 1 

200 -

180 

160 -

140 

120 -

100 -
I I I ... • ,· ., ' I I I tFEETtl ,_,'::: .. ~'~;:::::-.=::;·-·_,-,<:= .. :·r·-=-:i·· .. :::::--:·-.,·. I _,,_. • I ·_.;.,:.::.:= .,.i... .. • i ,:·· ..... -. :: ...... -= .. ·-= ·-· ·i .··- ..... . 

100 200 300 400 500 600 700 800 900 1,000 1,100 1.200 1,300 

FIGURE 6-3 EXAMPLE Of ASSESSMUJT MONITORING WEll P'LACF.MENT 



CS';o;'"ER-3950. :. 

Otherwise. the sampling and analysis plan used by the owner/operator :n 

the detection monitoring program (see Chapter Four) should suf:ice for 

assessment monitoring. 

The assessment monitoring plan should identify the parameters to be 

monitored by the owner/operator. and describe why these parameters ace 

suitable for determining the presence and concentration of contaminants 

migrating from the facility in the ground water. At a minimum. the owner/ 

operator's assessment monitoring plan should include monitoring for all 

hazardous waste constituents that are in the facility's waste. Hazardous 

waste constituents. as defined in §260.10, include all constituents 

listed in Appendix V!I of Part 261. all constituents included in !able 1 

of §261.24, and any constituent listed in Section 261.33. 

An important consideration in assessment monitoring is the potential 

for degradation/transformation of hazardous waste constituents; that 

is. the chemical and/or physical change of a ground-water contaminant 

resulting in a different intermediate or final product. !he physical and 

chemical properties of all hazardous waste constituents in the facility's 

waste are an important consideration in evaluating an assessment 

monitoring system. Assessment monitoring should aim at detecting all 

contaminants. both initial as well as intermediate or final degraded/ 

transformed products. An example of the degradation/transformation 

process is the breakdown of trichloroethylene (!CE) and its various 

isomers into vinyl chloride, a highly toxic substance having different 

chemical/physical characteristics than !CE. Since vinyl chloride is more 

water soluble and less affected by sorption than !CE. the detection of 

vinyl chloride in ground water should lead the owner/operator to suspect 

the presence of !CE. 

Facilities seeking an operating permit also have additional plume 

characterization responsibilities pursuant to Part 270. Section 

270.14(c)(4) requires permit applicants to expand their monitoring from 
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hazardous waste constituents (primarily Appendix VII) to the full 

complement of Appendix VIII constituents (Note: Appendix V!I is a subset 

of Appendix VIII). Therefore. ~hen a unit is subject to the Part 270 

requirements (either because it seeks an operating permit or because the 

Aqency has called in its post-closure permit), the Agency recommends that 

an owner/operator's assessment plan include parameters that will satisfy 

the requirements of both Part 265 and Part 270. 

Figure 6-4 illustrates in greater detail the sampling protocol 

recommended by the Agency for units that are subject to both Part 265 and 

Part 270. First, the owner/operator should perform an Appendix VIIi scan 

of samples.from triggering detection monitoring wells. This scan will 

provide the owner/operator with a list of hazardous constituents in ~~e 

wells that may be migrating into the uppermost aquifer. The owner/ 

operator should then select a limited number of identified constituents 

for inclusion in a sampling program to establish geometric dimensions and 

the rata of migration of the contaminant plume(s). Once the geometric 

dimensions of the contaminant plume(s) have been established, the owner/ 

opertor should sample for the full subset of identified Appendix VIII 

constituents to determine vertical and horizontal concentration gradients. 

6.10 Procedures for Evaluating Assessment Monitoring Data 

!he assessment plan must stipulate and document procedures for the 

evaluation of assessment monitoring data. These procedures vary in a 

site-specific manner, but must all result- in determinations of the rate 

of migration, extent, and composition of hazardous constituents of the 

plume. Where the release is obvious and/or chemically simple, it may be 

possible to characterize it readily from a descriptive presentation of 

concentrations found in monitoring wells and geophysical measurements. 

Where contamination is less obvious or the release is chemically complex. 

however, the owner/operator should employ a statistical inference 

approach. Owner/operators should plan initially to take a descriptive 
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approach to data analysis in order to broadly delineate the ex~en~ of 

contamination. Statistical comparisons of assessment monitoring daca 

among wells and/or over time ma~·be necessary, should the descriptive 

approach provide no clear determination of the rate of migration, ex~en~. 

and hazardous constituent composition of the release. 

The objective of assessment monitoring is to estimate the rate and 

extent of migration and the concentration of constituents in the plume. 

Cata are therefore collected from a set of assessment monitoring wells 

that will allow characterization of the dimensions and concentrations of 

ground-water contaminant const1tuents (~) in the plume. In addition. 

compared to detection monitoring, the number of chemical species analyzed 

in assessment increases. Because the amount of data collected in 

assessment is more voluminous than detection monitoring, it is extremely 

important for the technical re•1iewer to make sure that the owner/operat~rs 

specify in their assessment plans the evaluation procedures for the data 

required by §265.93(d)(3)(iii). !he methods used to analyze assessment 

monitoring data must emphasize organization, data reduction, 

simplification, and summary. 

Technical reviewers may find it useful and necessary to leave ~~C 

da'ta automated to verify the analyses submitted by owner/operators, to 

compare recent submissions with historical data submissions, to manipulate 

and evaluate the information for their specific purposes, or to support 

permitting activities. EPA's data base system for environmental data is 

called SIOREI and is a recommended mechanism for organizing ground-water 

data acquired from hazardous waste management facilities. Several 

positive features of SIOREI are: 

• SIOREI has recently been modified to include data fields that 
handle well-specific hydrogeological/technical information (e.g •• 
well screen length, general lithology of the screened zone) in 
conjunction with the GWCC data. 

• Most State and EPA reg1onal offices have access to S!ORET. 
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• S!ORET is well suppo~ed with capacity for efficient storage. 
retrieval, and graphical analysis. 

Represented below are spec~fic evaluation and reporting procedures 

that should be followed by the owner/operator when recording and evaluat­

inq assessment monitoring data. These procedures are used to struc:ure, 

analyze, simplify, and present the ground-water monitoring data to help 

the technical reviewer evaluate the extent and concentration of ground­

water contaminants. !he four evaluation or reporting procedures that 

should be described in the assessment plan used :o record data in the 

on-site archives required by §265.94(b)· are: 

• Listing of Data; 

• Summary Statistics Tables; 

• Data Simplification; and 

• Plotting of Data. 

6.10.1 Listing of the Data 

A list of all the detection monitoring and the assessment monitoring 

data (as well as any data from related State or other EPA programs) that 

have been collected should be available to technical reviewers when they 

review on-site records. First, data as originally reported and verified 

by the analytical laboratory for those measures requiring laboratory 

evaluation, or as recorded in the field for those measures collected at 

the time of sampling, should be available to the technical reviewer. 

These reporting forms should include information indicating that quality 

control samples (e.g., field and filter blanks) were obtained in the 

field. Also, the laboratory reporting should indicate that the laboratory 

has performed and reported standard quality control procedures (e.g., 

recovery analyses. analytical replicates etc.). Finally. the laboratory 

reporting should include the data that were used to determine the method 

detection limit or limit of detection (see Chapter 4). Explicit reporting 

of these quality control data is essential for documenting the precision 

and accuracy of owner/operator data submisslons. 
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!he listing of ~~C concen~~ation data should follow a fo~ac 

similar to Table 6-l. !he variables to be included in the listing ar: 

codes that identify the ~~C. well. date, unit of measure. whether the 

value was LT a limit of detection. and the concentr~tion of the ~~C. 

Also. the listing may include the results of and codes identifying the 

quality control analyses performed. GWCC concentrations measured as L! a 

specific method detection limit or limit of detection should be indicated 

and, if possible, the GWCC concentration that was measured should be 

reported with the LT designation. Otherwise. the value that accompanies 

the LI des1qnation should be the accepted detection limit for the method 

used. Documentation that describes the meaning of the codes used in the 

listing is required to eliminate ambiguity (e.g., Pb =lead. ppm= parts 

per million). The listing of ~~C data should include all measurements 

from all wells since sampling beg~n. including measurements obtained 

during detection monitoring. 

The listing should be organized to allow quick reference to specific 

data values. One categorization would be to first group by GWCC. then 

well code. and finally the date, as shown in Table 6-l. For example. all 

lead measurements are together, followed by all trichloroethylene 

measurements, etc. The values for each GWCC from one well should be 

grouped and ordered by date. followed by the data from the next well and 

so on for all wells in the ground-water monitoring system. Alternate 

sortings of the data listing may also be useful to the technical reviewer. 

The data listing is not intended to function alone as an analytic 

tool, but the technical reviewer can use the data listing to assist in 

the review of the GWCC data. First. the ordered list of data will allow 

the technical reviewer quick reference to every GWCC concentration 

measurement if. ·for example. a spurious result was found in a supporting 

data analysis or report. Also. by requiring a consistent and orderly 

data listing. the technical reviewer·can encourage the owner/operator to 
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TABLE 6-1 
AN ~LE Of HOW ASSESSMENT ~ITORING DATA SHOULD BE LISTED 

CiWCC WELL IIEPLIC.lTE ALIQUOT DATE LT DETECTION CCtC!HTIIA TIOH UNITS 

L!AD IUG/Ll 7A 1 A 1ZJAH85 29.82 PP!I 

LUO IUG/LI 7A 1 A 17,!!185 za.43 p~ 

LUO IUG/LI 7& 1 s 171!!185 zs.n p~ 

L.!AD IUG/LI 7& z A 171!885 28.17 PP!I 

LEAD IUG/1.1 7& z s 171!!185 Zl!.30 PP!I 

LUD IUG/1.1 u 1 A Z6APII81t < 10.00 PPS 

LEAD IUG/LI u 1 8 ZUPIIato < 10.00 PI'S 

LUO IUGILI u z A ZUPIUIIt ZO.&O PP!I 

LEAD IUG/LI u 1 A 05,.AT81t Zl.ZO PPS 

LEAD IUG/LI u z A 05,.AT81t Z1.80 PP!I 

LUD IUG/LI ~ 1 A UAPII&It 67.ZO PP!I 

LEAD IUG/Ll 9!1 1 s ZUPII&It &7.80 PP!I 

LEAD IUG/LI 'II z A Z6APII81o 64.10 PP!I 

L!AD IUGILl 'II 1 A 05fUTS4 38.'10 PP!I 

LUD IUG/1.1 91 z A OS,.ATtlt 39.60 PPS 

LUD IUG/Ll '18 1 A 15Jll"84 57.Z% """ LEAD IUG/LI '18 1 A 15JUU1t Z0.1Z PP!I 

TIIICHLOIIO!THTL!H! IUG/Ll u 1 A Z6APIIS4 < 10.00 PP8 

TIIICHLOIIO!THTLEH! IUS/Ll lA 1 A OSrtATtlt < 10.00 PP!I 

TIIICHLOROETHTLEtl! IUG/Ll u. l A 15JUHe4 < 10.00 PPS 

TIIICHLORO!THTLEtl! I UG/1.1 u 1 .. UJULSit 11.10 PP!I 

TIIICHLOIIO!THTL!H! IUG/Ll u 1 A 15AUGalt < 10.00 pae 

TIIICHLOIIO!THTL!tll! IUG/Ll u 1 A 15SI!Pato 10. 10 PP!I 

TIIICHLOIIOI!THTL!H! IUG/Ll u 1 A 160CT81o 10.70 PP!I 

TIIICHLOIIOI!THTLEN! IUG/LI u l A leNCIVSio 10.00 p~ 

TIIICHLOIIOI!THTLI!H! IUG/LI u 1 A ZODICS4 < 10.00 PP!I 

TIIICHLOIIO!THTL!HI! IUG/Ll u 1 .. lZJAN85 < 10.00 PP8 
TIIICHLOIIO!THTL!HI! IUG/Ll u 1 A 17,015 < 10.00 PP!I 
TIIICHLOIIOI!THTL!HI! IUG/LI lOA 1 A Z6APIIS4 17.00 Pl'e 
TIIICHLOIIO!THTL!H! IUG/Ll lOA 1 I Z6&PII81t 17.30 p~ 

TIIICHLOIIO!THTLI!H! IUG/LI 1 CIA z A Z6APIIS4 17.60 p~ 

TIIICHLOIIO!THTlEtll! IUG/Ll IDA 1 A 051'UTS4 Zl.CIO PP!I 
TIIICHLOIIO!THTLI!H! IUG/LI lOA z A 05fUTS4 21.40 PP!I 
TIIICHLOIIO!THTL!H! IUG/LI lOA 1 A lSJUNSit Zl.ZO PP!I 
TIIICHLOIIOI!THTL!H! IUG/Ll lOA 1 A lSAIJG&It ZZ.90 PI'S 
TIIICHLOIIO!THTL!tl! IUG/LI lOA 1 A 15SIPS4 l9.1t0 p~ 

'TIIICHLOIIO!THTL!H! IUG/Ll lOA 1 A l.OCTS4 19.60 p~ 

TIIICHLOIIO!THTL!tl! tUG/LI lOA 1 .. 18NOYS4 30.10 PP9 
TIIICHLOIIO!THTL!NI! IUG/LI lOA 1 A ZOO!CS4 31.60 PP!I 
TIIICHLOIIO!THTLEH! IUG/Ll lOA 1 A 1ZJAH85 33.60 PPe 
TIIICHLOIIO!THTL!H! IUG/Ll lOA 1 A 17,!!185 Z7.SO PD!I 
TIIICHLOIIO!THTL!N! IUG/LI lOA 1 I 17'1!185 Z7.ao PD!I 
TIIICHLOIIOI!THYL!H! IUG/LI lOA z A 17'1!!185 Zll.40 PP!I 
TIIICHLOIIO!THYL!H! IIJGILI lOA z I 17'1!185 u.so """ TIIICHLOIIO!THTLI!tl! IUG/Ll 101 l A Z6APIIS4 65.10 PP!I 
TIIICHLOIIO!THTLEH! IUGILI 101 1 I Z6APIIS4 65.80 PP8 
TIIICHLOIIO!THYL!H! IIJGILl 101 z A Z6APIIS4 65.40 """ TIIICHLOIIOI!THTL!HI! IUG/Ll 101 1 A CISfUTSit Slt.OO PP!I 
TIIICHLORO!THTL!tl! IUG/Ll 101 z A OJI'UTS4 83.70 PP!I 
TIIICHLOIIO!THTL!HI! IUG/LI 101 1 A 15JL.t48lt 69.00 PP!I 
TIIICHLOIIOI!THTL!HI! IUG/Ll 101 1 A 15JULS1t .e.4o PP!I 
TIIICHLOIIO!ntYL!tll! IUG/Ll 108 1 A 15AUGSit 93.40 PP!I 

TI'IEJ:LS:81'"'Tlf"l ( tj8"L l 181 l A f5a!PS1t '18.90 pae 
Til L THTL tl I /L A • Tait aa.so PP8 
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correct many of the data quality problems. that occur frequen~ly on "::-aw" 

laboratory ~eporting sheets. Finally, data can be placed more easily 

onto a state or regional computar if the da~a are organized and repor~ed 

consistently in a listing, rather than on laboratory reporting sheets 

havinq only the sample number identification instead of well codes, dates 

of sampling, etc. (see the above discussion). 

6.10.2 Summary Statistics Tables 

The ground-water mon~toring data should be summarized and presented 

in tabular formats. Eight summary statistics should be calculated and 

used in each of four summary tables. !he eight summary statistics are: 

• Number of ~T detection limit values 

• Total number of values 

• Mean 

• Median 

• Standard deviation 

• Coefficient of variation 

• Minimum value 

• Maximum value 

The methodology used to estimate these summary statistics can be found in 

many statistical textbooks. 

The four tables of summary statistics should include summaries by: 

• GWCC summary (e.g., Table 6-2) 

• GWCC summary by well (e.g., Table 6-3) 

• GWCC summary by well and date (e.g •• Table 6-4) 

• Quality control data 

The tables should be formatted so that there are from one to three 

columns on the left side of each table, which provide data identifying, 

where applicable. the GWCC, well. and date. Eight columns, one for each 

summa~/ statis:ic. should be to the right of the ident~fying columns. 
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There will be one row for each catego~ that is being summarized. A 

summary statistics table by ~~C. for example. will have a number of rows 

equal to the number of GWCC that• have been sampled. The ~NCC-well table 

will have a number of rows equaling the number of ~s measured times 

the number of wells in the monitoring system (provided that each ~NCC was 

measured at least once in each well). The ~-well-date table will be 

~~e largest table. and each row should be prefixed with a ~~C. well. and 

date code. The statistics in the ~~e-well-date table should summar1ze 

all replicate sampling that was performed for each~~. from each well. 

during each sampling. 

The sample sizes. ranges. minimum. and maximum values will prov1de a 

rapid means for checking whether errors appear in the data. It will also 

facilitate rapid evaluation of ~~C concentrations over the entire 

ground-water monitoring system. In addition. the summary statistics will 

allow evaluation of spatial change in ~~ concentrations. which includes 

identifying the rate and extent of migration of the ~wee plume. 

The quality control data should be provided whenever assessment 

monitoring data are submitted by an owner/operator. The quality control 

data can be submitted in the format in whi~~ they are received from the 

laboratory, provided that all data are clearly documented. The quality 

control samples taken in the field (e.g., field and sampling equipment 

blanks) may not be identified when the samples are supplied to the 

laboratory, but should be identified in assessment monitoring data 

submissions. Ownerioperators should ensure that the laboratories provide 

the quality control data that support and validate the data resulting 

from the analysis of their field samples. 

6.10.3 Data Simplification 

Ranking procedures. which are described in this section. may be 

useful for simplifying and interpreting spatial trends in ~~C concen­

trations by allowing rapid determination of which wells have the overall 
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highest and lowest ~~CC concen~:acions. !able 6-5 ?Cesen~s an e~amp:e of 

a data set analy~ed by a canking procedure. 

!he ranking can be performed using the mean. median. maximum. oc 

minimum concentration values in the summary ~tatistics table describing 

the values from each ~~-well combination. For example. the mean 

concentration from each well is canked from lowest to highes~ foe each 

~M:C. The well with the lowest mean concentration of a ~M:C will recei•;e 

a value of l: the well w1th the next highest concentration of the same 

GWCC will ceceive a value of 2. and so on. If two or more wells have the 

identical mean concentra~ion. then the ranks for these wells will be 

averaged and applied to all wells with the same mean concentration. !his 

procedure should be repeated for each GWCC that was detected at leas~ 

once at every well in the monitoring system. The pH values may be ranked 

from highest to lowest :ather than from lowest to highest. depending on 

whether the ground-water contamination. is likely to result in an inc::-ease 

or decrease in pH. It is also useful to calculate an overall average 

rank for each well by averaging the ranks across all GWCCs associated 

with the well. These ranks should be presented in a table using ~M:Cs as 

column headings. and well codes as row headings. It may be helpful to 

group GWCCs with similar chemist~/ (e.g •• volatile organics. metals. 

salts. etc.) and order the rows based on the wells with spacial proximity 

(e.g .• upqradient. downgradient in plume. downgradient out of plume, 

shallow screen depth). !his will facilitate identification of specific 

groups of wells where high concentrations of ~~ were detected . 

. 6.10.4 Graphic Displays of Data 

Ground-water data should be plotted to allow evaluation of temporal 

chanqes in GWCC concentrations over time. Each plot should consist of a 

X or hori~ontal axis. which represents time with year and month 

identified at intervals. The Y or vertical axis should represent the 

concentrations of GWCCs. The plots may be const~cted using the mean 

•;alues from the ~f'iCC-well-date summary stat.lstics :able. and one plot 
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IU 

101 

TABLE 6-5 

All EXA¥lE r:J! I<W RANKS r:J! HE P£NI CONCEHTRATiafS F~ EACi 

IKC/\Ell alPBINATiaf CAN BE USED TO SifiPliFY .tMO PRESEHT CONCEHTRATiaf 
~TA COLLECTED F~ A VARIETY r:s: QCCs IN A 1U11ER r:s: "lUT~IHG ~LLS 

IIAI« OP ,_AH AANK OP 11!AH IIAI« OP .-AH II AI« OP P .. !.Atl AV!IUGE WELL 

CHRarl%1.1'1 LUD TC! PC II AI« ACROSS 

CCtC!HTRA TICN CCNC!HTRATICH CCH:!HTIIATJCH CCHC!HTRATJCH ;;.cc 

l l l 2.50 

l l 3.00 

l l 3.00 

5 3 4 3 l. 75 

• z • 3.75 

• l 5 3 lt.ZS 

l • l 7 5.00 

4 7 lZ • 7.75 

• • • u a.5o 

1 IZ 10 • 9.50 

1Z 10 11 10 10.75 

• 16 1 lZ u.oo 

11 11 • 15 11.50 

14 15 • 14 1Z.75 

10 14 14 ll IZ. 75 

13 13 ll 16 11.75 
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could be presented for each ~~C:/well combination as in Figure 6-5. 

Alternatively, it may be more insightful to plot the data from several 

wells or GWCCs on one graph, as'in Figure 6-6, provided the lines do not 

overlap excessively. 

It may also be useful to plot data on facility maps, so that trends 

in GWCCs both vertically and horizontally can be evaluated. The summary 

statistics from the GWCC-well :able can be used to provide data for 

plotting. A map of the facility, which identifies well locations, should 

be used to depict horizontal trends in concentrations. Geological cross 

sections and/or a facility map may be useful for plotting vertical trends 

in GWCC concentrations. The mean concentrations can be placed near each 

well location, similar to the construction of potentiometric maps 

described earlier. It may also be helpful to plot isopleth contours of 

concentration on the maps. 

6.11 Rate of Migration 

An assessment plan should specify the procedures the owner/operator 

will use to determine the rate of constituent migration in ground water. 

A rapid approach will generally be required for determining the rate of 

migration during interim status assessments. Migration rates can be 

determined by monitoring the concentration of ~ over a period of time 

in monitoring wells aligned in the direction of flow. If these wells are 

loca~ed both at the edge and the interior of the plume, subsequent 

analysis of the monitoring data can then provide an estimate of the rate 

of migration, both of the contaminant fron~ as a whole and of individual 

constituents within the plume. !his approach does not necessarily provide 

a reliable determination of the migration rates that will occur as the 

contaminant plume continues to move away from the facility in light of 

potential changes in geohydroloqic conditions. More importantly. this 

approach requires the collection of a time series of data of sufficient 

duration and frequency to gauge the movement of contaminants. Such a 
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delay is nocmally inappropria~e during initial assessmer.~ of ground-wacs~ 

contamination. since a rela~ively quick determinatlon of at least an 

estimate of migration rates is requ~red to deduce the impact of 

ground-water contamination and to formulate an appropriate reaction. 

Estimates of migration rates can be based on aquifer properties obtained 

during the site investigation and knowledge of the phys1co-chemical 

properties of contaminants known to be present. 9y recognizing the 

various factors that can affect transport processes of the ~~Cs. the 

owner/operator can obtain approximate potential rates of migration during 

an initial assessment phase. Continued monitoring of ~he plume to verify 

rates of migration during assessment monitoring should serve as a basis 

for identifying additional monitoring well locations. 

Initial approximations of contaminant migration rates based on 

ground-water flow rates are not reliable without verification because of 

potential differential transport rates among various classes of chemical 

consti~uents. Differential transport rates are caused by several factors 

including: 

• Dispersion due to diffusion and mechanical mixing; 

• Retardation due to adsorption and electrostatic interactions; and 

• Transformation due to physical. chemical. and/or biological 
processes. 

Dispersion results in the overall dilution of the con~aminant and 

blurring at plume boundaries. Dispersion can result in a contaminant's 

arrivinq at a particular location before the arrival time computed solely 

on average rates of ground-water flow. Alternatively. retardation 

processes can delay the arrival of contaminants beyond that calculated by 

the average rates of ground-water flow. Local geology will also affect 

constituent migration rates. Relating rates of constituent migration to 

rates of ground-water flow is appropriate for a quick approximation. 

during the initial assessment phase, but this should be followed by a 

~ore comprshensl~e study of ~igra~ion rates. 



:S~"ER-99SO.:!.. 

Simple slug tests are nee ~he ~referred mechod for dete~ining the 

aquifer characteristics. The slug test is limited to the immediate 

vicinity where it is performed. and its results often cannot be projected 

across an- entire site. 

At those facilities where sufficient immiscible contaminants have 

leaked to form and migrate as a separate immiscible phase (see 

Figure 6-7), additional analysis will be necessary to evaluate the 

migracion of these contaminants away from the facility. Chapcer Five 

contains a discussion of the ground-water monitoring techniques that can 

be used to sample multi-phased contamination. !he fo~tion of separate 

phases of immiscible contaminants in the subsurface is largely controlled 

by the rate of infiltration of the immiscible contaminant and the 

solubility of that contaminant in ground wacer. Immiscible contaminancs 

generally have some limited solubility in water. Thus, some amount of 

immiscible contaminant leaking from the fac~lity will enter into solution 

in ground water and migrate away from the facility as dissolved 

constituents. If the amount of immiscible fluid reaching ground water 

exceeds the solubility constant. however, the ground water in the upper 

portion of the water table aquifer will become saturated, and the 

contaminant will form a separate immiscible phase. 

At this point, the behavior and migration of the contaminants 

present in the immiscible phase will be strongly influenced by their 

density relative to ground water. If the immiscibles are less dense than 

ground water, the immiscibles will tend to coalesce on the surface of the 

potentiometric surface and form and migrate as a separate immiscible 

layer floating on the ground water. If the density of the immiscible 

contaminants is similar to that of ground water, the immiscible will tend 

to mix and flow as a separate phase with the ground water, creating a 

condition of multiphase flow. 

If the density of the immiscibles is greater than ground water. the 

imm~scibles will tend to sink ~n ~he aquifer (see Figure 6-7). ~s the 
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immiscibles sink and reach unaffected ground water :~ a deeper ~or~ion of 

the aquifer. more of the immiscible contaminant will tend to enter i~to 

solution in ground water and be~in to migrate as dissolved constituents. 

If enough of the dense immiscible contaminants are present. however. some 

portion of these contaminants will continue to sink as a separate 

immiscible phase. until a formation of reduced permeability is reached. 

At this point. these contaminants will tend to coalesce and migrate as a 

layer of dense immiscibles resting on the geologic barrier. 

In each of these cases. the contaminants present in the separate 

immiscible phase may migrate away from the facility at rates different 

from that of ground water. In many cases. they will migrate at rates 

slower than or equivalent to ground water. but in some instances migra­

tion rates can be greater. !n addition. migration of the immiscibles may 

not be in the direction of ground-water flow. However, it is important 

to reemphasize that some amount of these contaminants will invariably 

di~solve in ground water and migrate away from the facility as dissolved 

constituents. 

~ight immiscible contaminants will migrate downgradient to form a 

floating layer above the saturated zone (see Figure 6-7}. !he direction 

of ground-water flow will dictate the movement of this light immiscible 

layer. Important factors involved in its migration rate include the 

intrinsic permeability of the medium and the density and viscosity of the 

contaminants. With time, an ellipsoidal plume develops, overlying the 

saturated :one as depicted in Figure 6-7. While it is possible to 

analyze the behavior of the light immiscible layer using analytical or 

numerical models. the most practical approach for determining the rate 

and direction of migration of such a light immiscible layer during an 

assessment may be to observe its behavior over time with appropriately 

located monitoring wells. 
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!he migration of a layer o£ dense immiscibles settled on a cor.£:ning 

layer may be strongly influenced by gravity. Depending on the slope of 

the confining layer in the grad~·ents used to calculate flow rates. A 

program of continued monitoring o£ the dense immiscible layer should 

always be included in "the assessment plan to verify direction and rate of 

movement • 

6.12 Reviewing Schedule of Implementation 

!he assessment plan should specify a schedule of implementation. 

Each assessment program will have to include the amount of work involved 

in the assessment and other local factors such as weather and 

availability of equ1pment and personnel. !he schedule should include a 

sufficient number of milestones. so that the Agency can judge whether 

sufficient progress is being made toward the completion of the 

assessment. Any continued monitoring undertaken during the maintenance 

phase of assessment should be scheduled at least on a quarterly basis. 

Activities planned to initially determine whether contamination has 

actually occurred should not unnecessarily delay the implementation of a 

comprehensive assessment. When an extensive program to collect additional 

data to remedy inadequacies in currently available data is to be under­

taken. these activities should require only a short period for completion. 

Additional analysis of water quality data should require no more than 

15 days to 30 days. Sampling to determine actual concentrations of 

hazardous waste constituents should require only time enough for sample 

collection and analysis. followed by a brief period for subsequent 

analysis of the data. 

A thorough discussion of monitoring well placement. and monitoring 

well design and construction. can be found in Chapters !wo and Three. 

respectively. A discussion of the ground-water monitoring techniques 

necessary to effectively characterize a multiphase containment migration 

is also given in Chapter Four of this document. 

-i3~-
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GLOSSARY 

AR t-Test - Averaged replicate t-test. 

Adsorb- Adherence of atoms. ions. or molecules to the surface of another 
substance. 

Alichatic Hvdrocarbons - Class of organic compounds characterized by 
s~raight or branched chain ar~angement of the constituen~ carbon atoms. 

Analvte -A specific compound or element of interest undergoing analysls. 

Annular Sealant - Material used to seal the space between the borehole 
and the casing of the well. Annular sealants prevent surface 
contaminants from entering the well. 

Annular Scace - The open space formed between the borehole and the well 
casing. 

Anticline - A fold. usually from 100 meters to 300 kilometers in width, 
that is convex upward with the oldest strata at the center. 

Accendix VII Monitoring Reauirements - A compilation of constituents 
arranqed by EPA hazardous was~e nUmbers which caused the Administrator 
to list the waste as an EP Toxic Waste (E) or Toxic Waste (T) in 40 CFR 
§261.31 and §261.34. 

Accendix VIII Constituents - A list of 497 toxic constituents (Part 261) 
which. if present in a was~e. may make the waste hazardous. The waste 
containing these constituents poses a substantial hazard to human health 
or the environmen~ when improperly treated. stored. transported or 
disposed. 

Aauiclude - A geologic formation which may contain ground water but is 
incapable of transmitting significant quantities of ground water under 
normal hydraulic gradients. 

Aauifer Adsorctive Characteristics - Ability of an aquifer to retain 
atoms. ions, or molecules. 

Aauifer Degradation Characteristics - Aquifer contamination can be 
characterized by parameters such as pH. total organic halogens. total 
organic carbon. temperature. and specific conductance. 

Aromatic Hvdrocarbons - Class of unsaturated cyclic organic compounds 
containing one or more rlng structures. The name aromatic is der1ved by 
the distincti?e and often :~agrant odors of these compounds. 
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~ssessment Monitoring - ~ program of monitoring ground water under 

interim status requirements. After a release of contaminan~s to g~our.d 

water has been determ1ned. the rate of migra~ion. ex~ent of 

contam~nation. and hazardous cons~ituent concentration gradien~s of the 

contamination must be identified. 

Assessment Plan - !he written detailed plan drawn up by the owner/operator 

which describes and explains the procedures the owner/operator intends to 

take to perform assessment monitoring. 

~ttenuation - !o reduce. weaken. dilute. or lessen in severity. value. or 

amoun~ such as the attenuation of contaminants as they migrate from a 

particular source. 

Backaround Concentrations - ~ schedule of sampling and analysis tha~ 

is completed during the first year of monitoring. All wells in the 

monitoring system must be sampled on a quarterly basis to determine 

drinking water characteristics. ground-water quality. and contamina~ion 

indicator parameters. For each upgradient well. at least four replica~e 

measurements must be made for the contam1nation indicator parameters. 

Backaround Mean - !he arithmetic average of a set of data. used as a 

control value in subsequent statistical tests. 

Backqround Variance - The variance is the measure of how far an 

observation value departs from the mean. Background refers to the 

observations used for control in subsequent statistical tests. 

Basement - !h& oldest rocks recognized in a given area. a complex of 

metamorphic and igneous rocks that underlies all the sedimentary 

formations. 

Bentonite - A sec~mentary rock largely comprised of clay minerals that 

has a great ability to absorb water and swell in volume. 

Bluooey Line - Air supply line during dr-illing operations. 

Borehole - A circular hole drilled or bored into the earth. usually for 

exploratory or economic purposes. such as a water well or oil well. 

Borehole Geophysics (Geophysical Borehole Logging) - A general term that 

encompasses all techniques in which a sensing device is lowered into a 

borehole for the purpose of characterizing the associated geologic 

formations and their fluids. !he results can be interpreted to determine 

lithology, geometry resistivity. bulk density. porosity. permeability. 

and moisture content and to define the source. movement, and physical/ 

chemical characteristics of ground water. 
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CABF t-Iest- Cochran's App~oximation to the Eehrens-Fishec c-Iest. 

Ca~bonate Envi~onments - Refers to sedimenta~J rock enviro~~ents composed 

of calcium or magnesium carbona~e. 

Casina -The pipe between the intake (screen) section and the sur:ace, 

servinq as a housinq f~ pumpinq equipment and conduit for the pumped 

water. 

Chain of Custodv - Method for ~ocumentinq the history and possession of a 

sample from the time of its collection throuqh its analysis and data 

reportinq to its final disposi:~on. 

Chemical Standards - Materials made from ultra-pure compounds used to 

calibrate laboratory analytical equipment. 

Chemical Soike (Spike) - A sample that contains a measured amount of a 

known analyte, used for determininq matrix interferences. 

Cluster- (see Well Cluster). 

Coefficient of Variation - The standard deviation divided by the mean of 

a set of data. (Note: the coefficient of variation can be expressed as 

a percentaqe by multiplyinq the number obtained by 100). 

Color - A diagnostic property of a rock, mineral, or sediment. 

Comoonents of Variability - The characteristics that vary from one 

statistical population to another. such as well locations, and analytical 

lab errors. 

Concentration Profiles - Graphic representations of the hori:ontal and 

ve~ical locations of contaminant concentration levels on maps and 

cross-sections. 

Confined Aauifer - An aquifer under qreater than atmospheric p~essure 

bounded above and below by impermeable layers with distinctly lower 

permeabilities (aquitards) than the aquifer itself. 

Confining Layer - A qeoloqic stratum exhibitinq low permeability and 

havinq little or no intrinsic permeability. 

~ - A continuous columnar sample of the lithologic units extracted 

from a borehole. Such a sample preserves stratiqraphic contacts and 

structural features. 

Corrosive Environments - Subsurface :ones containinq qround water or soil 

cor::oSl'le to monltor::-.g well =onstr-.JCtlon mater:.als. 
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Dedicated (Sampling Equipment)- Sampling equipmen~ (e.g., bladder ?ump. 
bailer) which is reserved for use in only one mon~toring well. 

DeQosition Environment - A geog~aphically restricted complex where a 
sediment accumulates, described in geomorphic terms and characterized by 
physical. chemical. and biological conditions (e.g., flood plain. lake. 
beach). 

Dielectric - Substance having a very low electrical conductivit1. 

Direct Methods for Hvdroaeolocical Investiaations - Methods (e.g. 
borehole logging. pump tests) which involve the drilling. collection. 
ocservat~on. and analysis of geologic materials. water samples. and 
drawdown/recovery data. 

DisQersivitv - Ability of a contaminant to disperse within the ground 
water by molecular diffusion and mechanical mixing. 

DisQOsal Facility - A facility as defined in 40 C&~ 260.10 where hazardous 
waste is intentionally placed into or on land or water. and at which waste 
will rema~n after closure of the facility. 

Dolomite - A carbonate sedimentary rock composed predominantly of 

caMq<C03>2· 

Oownqradient - In the direction of decreasing static head. 

Cownqradient Well- A well which has been.installed hydraulically 
downqradient of the site. and is capable of detecting the migration of 
contaminants from a regulated unit. Regulations require the installation 
of three or more downgradient wells depending upon the site- speci!ic 
hydrogeological conditions and potential zones of contaminant migrat~on. 

Drawdown - !he lowering of the water level in a well as a result of 
withdrawal. 

Drilling Mud - Fluids which are used during the drilling of a borehole or 
well to wash soil cuttings away from the drill bit and adjust the 
specific gravity of the liquid in the borehole so that the sides of the 
hole do net cave in prior to installation of a casing. 

Drive Pipe - casing consisting of the drive shoe and riser. This casing 
follows the auqer bit as it advances. 

Drive Shoe - Steel coupling or band at the bottom edge of the casing 
reinforced to withstand drive pressures during cable tool and drill­
through casing dr~ver methods. 
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Dunnett's Modification- Dunnect's version of the :-Test. Uses wunnec:·s 

calculated t-statistics rather than the Studenc's t-staciscics. 

Electrical Resistivitv (ER)- A' surficial geophysical method whereby 
known current is applied to spaced electrodes in the ground and the 

resulting electrical resistance is used to detect changes in earth 
materials between and below the electrodes. ER is particularly useful 
for facilities receiving elect=ically conductive wastes (e.g., inorganic) 
at sites characterized by set~ings having minimal quan~ities of high 
resistance materials. 

Electromaacetic Conductivit? (tM) - A surficial geophysical method 
whereby induced currents are produced and measured in conduct~ve 
formations from electromagnetic waves generated at the surface. EM is 
used to define shallow ground water zones characterized by high dissolved 
solids content. 

Eauicment Blank - Chemically pure solvent (typically reagent grade water) 
that is passed through an item of field sampling equipmenc and returned 
to the laboratory for analysis, to determine the effectiveness of 
equipment decontamination procedures. 

Eauicotential - Equal pressure. Equipotential lines are lines drawn 
between points of equal pressure. 

Esters - Class of organic compounds derived by the reaction of an organic 
acid with an alcohol. 

False NeQative - Contamination has occurred but the results of the t-Test 
fail to indicate contamination. 

False Positive - No contamination has occurred, but the results of the 
t-test indicate contamination. 

Field Blank - A laboratory-prepared sample of Type II-Reagent grade water 
or pure solvent which is transported to the samplinq site for use in 
QAJQC evaluation of field sampling procedures. See equipment blank and 
trip blank. 

Filter Pack - Sand or glass beads that are placed in the annulus of the 
wall between the borehole wall and the well screen to prevent formation 
material from entarinq through the wall screen. Glass beads are smooth, 
uniform, clean, well rounded, and siliceous. The filter pack typically 
extends 2 feet above the screen. 

Floaters - Light phase organic liquids in ground water capable of forming 
an immiscible layer wh~ch can float on the water table. 

-195-

__,._.,.,..._ ... __ .. ~-----.·r.·."'":J----



Flow Net - A set of intersecting equipotential lines and flow lines 
representing a two-dimensional s~eady flow through porous med~a. 

Fluvio-Glacial Deoositional Environment - A complex melange of glacially 
borne and riverine sediments deposited at the head of a melting glacier. 
The sediments range in grain size from clays to boulders, and in places 

are typically unsorted. 

Fracture Zone - A thickness of strata that has undergone mechanical 
failure due to stress {e.g .• cracks, jo1nts, and faults). 

Geoohvsical Borehole Logg1ng - See Borehole Geophysics. 

Glacial Till - Unsorted and unstratified sediment originating directly 
from glacial ice (i.e .• not reworked by glacial meltwater). 

Goodness of Fit - A statistical test to determine the likelihood that 
sample data have been generated from a population that conforms to a 
speclfied type of probability distribution. 

Grain Si:e - The general dimensions of the particles in a sediment or 
rock, or of the grains of a particular mineral that make up a sediment or 
rock. It is common for these dimensions to be referred to with broad 
terms, such as fine, medium, and coarse. A widely used grain size 
classification is the Udder-Wentworth grade scale. 

Ground Penetrating Radar (GPR) - A geophysical method used to identify 
sur:ace formations which will reflect electromagnetic radiation. GPR 
is useful for defining the boundaries of buried trenches and other 
s~surface installations on the basis of time-domain reflectromet~/· 

Ground-Water Detection Monitorina Program - A monitoring well system 
capable of yielding ground-water samples for analysis. Upgradient wells 
must be installed to obtain representative backqround ground-water 
quality in the uppermost aquifer and be unaffected by the facility. 
Downgradient wells must be placed immediately adjacent to the hazardous 
waste management area(s) to detect hazardous waste or hazardous waste 
constituents migrating from the facility. 

Halogenated Hvdrocarbons - An organic compound contalnlnq one or more 
halogens (e.g., fluorine •. chlorine, bromine, and iodine). 

Hazardous Waste - A solid waste which exhibits any of the hazardous 
characteristics defined in 40 CFR §261.2 and has not been specifically 
excluded as a hazardous waste. categorical list of hazardous waste are 
provided in 40 CFR §261.3. 
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Haza~dous Waste Constituent - A constituent which causes a waste to oe 
classified hazardous based upon the criteria cited in 40 CFR §§261.2 and 

261.3. 

Haza~dous Waste Management - !he collection. source separation. sto~age, 
transportation. processing, treatment, ~ecovery, and disposal of 
hazardous waste. 

Hazardous Waste Manaaement Area -The area within a facility's propert7 
boundary which encompasses one o~ more hazardous waste management unit or 
cell. 

Headscace - The empty volume in a sample container between the water 
level and the cap. 

Heaving Sand - Unconsolidated sand that cannot maintain the integrity of 
the borehole wall. 

Hich Corrosion Potential - Material with a high propensity for 
electrochemical degradation. 

Hich-Yield Well - A relative te~ referring to a well capable of quick 
recovery after it has been purged of at least three casing volumes (i.e .• 
samples can be collected immediately after purging). 

Hydraulic Conductivity - A coefficient of proportionality which describes 
the rate at which a fluid can move through a permeable medium. It is a 
function of the media and of the fluid flowing through it. 

Hvdraulic Connection - The hydraulic relation~hip between two different 
lithologic layers. 

Hydraulic Head - Water-level elevation in a well or piezometer. !he 
elevation typically referenced to mean sea level to which water rises as 
a result of hydrostatic pressure. 

Illite (Illitic) -A general name for a group of three layer, mica-like 
clay minerals. These clay minerals are intermediate in composition and 
structure (between muscovite and montmorillonite). 

Indicator Parameters - pH. specific conductance. total organic carbon 
(!OC), total organic halogens (!OX). 

Indirect Methods for Hydrogeoloaical Investigations - Methods which 
include the measurement or remote sensing of various physical and/or 
chemical properties of the earth (e.g., electromagnetic conductivity. 
electrical resistivit7. specific conductance. geophysical logglng. aerial 
photograph?}. 
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Interim Status Detection Monitorina - Ground-water monitoring conduc~ed 
under 40 CFR 265, Subpar~ F. 

Intrinsic Permeabilit•.r - !he cha·racteristic of a porous medium to 
transmit liquid under a hydraulic gradient, it is independent of the 
liquid itself. 

Ion Exchange cacacity - Measured ability of a formation to adsorb charged 
atoms or molecules. 

Karst !ocoaraohv (Karst) -A topographic area which has been created oy 
the dissolu~ion of a carbonate rock terra~n. !his type of topography is 
characterized by sinkholes, caverns, and lack of surface streams. 

Ketones - Class of organic compounds where the carbonyl group is bonded 
to two alkyl groups. 

Landfill - A disposal facility or part of a facility where hazardous 
was~e is placed in or on the land, and which is not a land treatment 
facility, a surface impoundment, or an injection well. 

~ - !o wash or drain by percolation. 

~eachate - A solution produced by the movement or percolation of liquid 
throuqh soil or solid waste and the subsequent dissolution of certain 
constituents in the water. 

~eachate Management Svstem - A method of collectinq leachate and 
directinq it to a treatment or disposal area. 

~ess !han Detection ~imits - A phrase which indicates that a chemical 
constituent was either not identified or not quantified at the lowest 
level of sensitivity of the analytical method beinq employed by the 
laboratory. Therefore, the chemical constituent either is not present in 
the sample, or it is present in such a small concentration that it cannot 
be measured by the analytical procedure. 

~imestone - Sedimentary rock primarily made up of calcium carbonate. 

~iner - A continuous layer of natural or man-made materials lining the 
bottom and/or sides of a surface impoundment, landfill, or landfill cell 
that restricts the downward or lateral escape of hazardous waste, 
hazardous waste constituents, or leachate. 

~itholoqy -!he systematic description of rocks. in terms of mineral 
composition and texture. 
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t.ow-'lield Well - A relative term referring to a well that canr.ot. r'3co•,er 

in suificien~ time after well evacuation to permi: the immediate 

collection of water samples. 

Mature Karst- Karst environment where the physical features (e.g., 

sinkholes. caves) are well defined (see Karst). 

Maximum Value - In a set of data. the measurement having the highest 

numerical value. 

~ - The sum of all measuremen~s collected over a statistically 

sign~ficant period of time (e.g .• one year) div~ded by the number of 

measurements. 

Median - !he middle point in a set of measurements ranked by numerical 

value. If there are an even number of measurements. the medium is the 

mean of the two central measuremen~s. 

Mineralocr~ - !he study of minerals, including their formation, occurrence, 

properties, composition, and classification. 

Minimum Value - In a set of data. the measurement having the lowest 

numerical value. 

Mounding - A phenomenon usually created by the recharge of ground water 

from a manmade structure into a permeable geologic material. Associated 

ground-water flow will be away from the manmade structure in all 

directions. 

~ - See Drilling Mud. 

Non-Dedicated Samoling Eguioment - Equipment used to sample more than a 

single sampling poin~. 

Normal Distribution - The character of data that follows the Gaussian 

distribution (bel~) curve. 

Number of LI Detection Limit Values - The number of times a chemical 

parameter was not detected by a given analytical procedure over a 

sta~istically significant period of time (e.g., one year). 

Octanol-Water Partition Coefficient - A coefficient representing the ratio 

of solubility of a compound in octanol to its solubility in water. As 

the octanol-water partition coefficient increases, water solubility 

decreases. 
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Oraanic Polvmers - Drilling fluid additives compr1sed of long-cr~~ned. 
heavy organic molecules. Dril!ing fluid additives are used to inc:ease 
drilling ra~es and drilling fluid yields. thereby decreasing opera~ional 
costs. 

Organic Vacor Anal~er - A field monitoring device used to dete~ine the 
concentrations of organ~c compounds in air using flame ionization or 
photoionization detection systems. 

Outwash Sand - Stratified sedimen~ (usually sand and gravel) removed from 
a glacier by meltwater s~reams and depos1~ed beyond the act1ve margin of 
a glacier. 

Oxidizing Acids- An ac1d (e.g .• HN03) which tends to lose electrons in 
a reaction. 

~ - Abbreviation for polyvinyl chloride. 

Pe~eability - Ihe capacity of a porous rock, sediment. or soil to 
transm~t a fluid. 

Petrograchic Analvsis - Systematic description and classification of 
rocks. 

Photoionization Anal~er - See Organic Vapor Analyzer. 

Phreatic Zone - See Saturated Zone. 

Piezometers Generally a small diameter, non-pumping well used to 
measure the elevation of the water table or potent~ometric surface. 

Plume Characterization - Provides info~ation on concentration profiles 
and rates of migration. 

Polvethylene - A plastic composed of synthetic crystalline polymer of 
ethylene <H2C:CH2>· Polymer may be low density (branched) or high 
density (linear). 

PolvProcvlene - A plastic composed of synthetic crystalline polymer of 
propylene (C3H5>n· 

Potentiometric Data - Ground-water surface elevation values obtained at 
wells and piezometers. Ihe data is primarily used to construct potentio­
metric maps indicating the ground-water flow direction and elevation. 

Potentiometric Surface (Piezometric Surface) - The surface that represents 
the level to which water from a given aquifer will r1se by hydrostatlC 
:?ressure. ·"hen the '"a~er-bearlng zone is the uppe:-:nost unconfined 
aqu1f:r. ~he po~en~!ometric surface lS iden~ical ~o the wa~er table. 
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Pumo !est - A test made by pumping a well for a pe~iod of time and 
observing the ~~nge in hydraulic head in adjacen~ wells. A pump test 
may be used to determine degree of hydraulic interconnection between 
different water-bearing units, ~s well as the recharge rate of a wel:. 

Purged Water - Wastewater from wells undergoing evacuation or being used 
for aquifer testing. 

Qualified P~ofessional in Geoloqy - A professional, by degree, exper:ence, 
or ce~ification, specializing in the study of the earth materia~ science. 

Rate of Mig~ation - !he time a contaminant takes to travel from one 
stationary point to another. Generally expressed 1n units of t:me/ 
distance. 

Reaional Administrator - !he Regional Administrator of the appropriate 
Regional Office of the Environmental Protection Agenc7, or the authorized 
representative. 

Reaulated Unit - Hazardous waste management unit. !he number of regulated 
un~ts will define the extent of the hazardous waste management area. 

Retardation ~ Preferential retention of contaminant movement in the 
subsurface zone. Retention may be a result of adsorbtion processes or 
solubility differences. 

Samclina and Analvsis Plan - A detailed document describing the proce­
dures used to collect, handle, and analyze ground-water samples for 
detection or assessment monitoring parameters. !he plan should detail 
all qua~ity control measures which will be implemented to ensure that 
sample collection, analysis, and data presentation activities meet the 
prescribed requirements. 

Saturated Zone (Phreatic Zone) - A subsurface zone below which all ~ock 
pore space is filled with water. 

Seismic Prospecting - Any of the various geophysical methods for 
characterizing subsurface properties based on the analysis of elastic 
waves artificially generated at the surface (e.g •• seismic reflection, 
seismic refraction). 

Shelby !ube or Solit Spoon Samcler - Devices used in conjunction with a 
drilling rig to obtain an undisturbed core sample of the strata. 

Sianificant Digits - !he number of digits reported as the result of a 
calculation or measurement (exclusive of following :eroes). 

Sinkers - uense ~hase organic liqu1ds which coalesce in an immiscible 
~a:er at the bottom of the saturated :one. 
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Slug !est - A single well test to dete~ine the in-s~tu hydraulic 

conductivity of an aquifer by the instantaneous addition or removal of 

a known quantity (slug) of water into or from a well. and the subsequent 

measurement of the resulting we+l recovery time. 

Smectite - A commonly used name for the montmorillonite group of clay 

minerals. These clay minerals have swelling prope~ies and a high cation 

exchange capacity. 

Solution Channel - A tubular or planar channel formed by solution in 

carbonate-rock (Karst) terrains. 

Standard Deviation - !he positive square root of the variance. !he 

variance is the average of the squares of the differences between the 

actual measurements and the mean. 

Stratiarachv - !he science (study) of original succession and age of rock 

strata, also dealing with their form. distribution, :ithologic composi­

tion, fossil content. and geophysical and geochemical properties. 

Stratigraphy also encompasses unconsolidated materials (i.e .• soils). 

Structural Anomalv - A geologic feature, especially in the subsur!ace, 

disdnguished by geophysical. geological, or· geocheml.cal means. which is 

different from the general surroundings. 

Surface Imcoundment - A facility or part of a facility which is a natural 

topographic depression. man-made excavation. or diked area formed 

primarily of earthen materials (although it may be lined with man-made 

materials), which is designed to hold an accumulation of liquid wastes or 

wastes containing free liquids, and which is not an injection well. 

Examples of surface impoundments are holding, storage, settling, and 

aeration pl.ts, ponds, and lagoons. 

!-!est - !he t-test is a statistical method used to determine the 

significance of difference or change between sets of initial backgro~~d 

and subsequent parameter values. 

~ Total organic carbon. 

!Q2 Total organic halogens. 

Teflon• - Trade name for polyperfluorethylene. 

Texture - The interrelationship between the size, shape, and arrangement 

of minerals or particles in a rock. 

':otal Number of Values - !he number of measurements (including less than 

1etection ·1alues) made for a chemical parameter over a statl.St~cally 

s1gn1ficant per1od of time (e.g., one year). 

-202-



OSfiER-995C.l 

Transformation - Process of es~ablishing cor~espondence be~ween elemen~s 
in one set of data to elements in another se~ of data, such that each 

element in the first set corresponds to a unique element in the second 

set. 

rremie Method - Method whereby bentonite/cement slurries are pumped 
uniformly within the annular space of a well. 

!ri~ Blank-~ field blank that is trans~orted to the sampling site, 
handled the same as other samples, then returned to the laboratorJ for 
analysis in determ~ning Q~/QC of sample handling ~rocedures. 

Type II Water - Water prepared by using a still (deionized supply water 
may be necessary) designed to produce a distillate having a conduc~ivity 
of less than 1.0 umho/cm at zsoc and a maximum total matter content of 
O.l mq/l.. 

Undulating - ~ periodic rise and fall of a surface; having a wa•rJ outline 

or appearance. 

Unsaturated Zone - ~ subsurface :one above the wa~er table in wh~ch the 

interstices of a porous medium are only partially filled with water. 
~lso referred to as Vadose Zone. 

Upgradient - In the direction of increasing static head. 

Upgradient Well - One or more wells which are placed hydraulically 
upqradient of the site and are capable of yielding ground-water samples 
that are representative of regional conditions and are not affected by 
the regulated facility. 

Uccermost ~auifer- !he geologic formation, group of formations, or part 

of a formation that contains the uppe~st potentiometric surface capable 

of yielding a significant amount of ground water to wells or springs and 
may include fill material that is saturated. !here should be very 
limited interconnection, based upon pumping tests, between the uppermos~ 
aquifer and lower aquifers. Consequently, the uppermost aquifer includes 

all interconnected water-bearing :ones capable of significant yield that 
overlie the confining layer. 

Vadose Zone - See Unsaturated Zone. 

Volatile Constituents - Solid or liquid compounds which are relatively 
unstable at standard temperature and pressure and undergo spontaneous 
phase change to a gaseous state. 

Volatile Oraanics ~iquid or solid organic compounds w~th a tendency co 
?ass 1n~o the vapor state. 
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Wastewater Treatment Svstem - A collection of trea~~ent processes 

designed and built to reduce the amount of suspended solids. ~acter:a. 

oxygen-demanding materials, and chemical constituents in wastewater. 

I 

Water Table - The water level surface below the 

vadose zone ends and the phreatic zone begins. 

a well screened in the unconfined aquifer would 

ground at which the 
It is the level to which 
fill with water. 

Well - A shaft or pit dug or bored into the earth, generally of a 

cylindrical form, and often walled with tubing or pipe to prevent the 

earth from cav1ng 1n. 

Well Cluster - A well cluster consists of two or more wells completed 

(screened) to different depths in a single borehole or a series of 

boreholes in close proximity to each other. From these wells, water 

samples that are representative of the different hor1zons within one or 

more aquifers can be collected. 

Well Evacua~ion - Process of remov1ng stagnant water from a well pr1or to 

sampling. 

X-Ray Diffraction - An analytical technique used for mineralogical 

character1:ation. A sample is exposed to a filtered and monochromatic 

beam of X-rays and the reflected energy is measured and used to identify 

so1l colloid types, degree of interleafing, or interstratification, and 

variations in interplatelet spacings. 

Zone of Potential Contaminant Miqration - Any subsurface fo~tion or 

layer which is permeable and would preferentially channel the flow of 

contaminants away from a regulated facility. 
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APPEliD!X A. :. 

CHAAAC'!ERIZA':!CN OF SITE HYDRCGECLCGY WORKSHEET 

The following worksheets have been designed to assist the enforcement · 

official in evaluating the program the owner/operator used in characterizing 

hydrogeologic conditions at his site. This series of worksheets has been 

compiled to parallel the information presented in Chapter 1 of the TEG~. 

I. Review of Site Hvdrogeoloaic Investigatorv Techniaues 

~. Was the site investigation and/or data collection 
performed by a qualified professional in geology? 

B. Did the owner/operator survey the following existing 
regional data: 

1. u.s.G.s. Maps? 
2. Water supply well logs? 
3. Other (specify) 

C. Did the owner/operator use the following direct 
techniques in the hydrogeologic assessment: 

l. Soil borings/rock corings? 
2. Materials tests (e.g •• grain size analvses. 

standard penetration tests. etc.)? 
3. Piezometer installation for water level 

measurements at di!ferent depths? 
4. Slug tests? 
5. P\mlp tests? 
6. Geochemical analyses of soil samples? 
7. Other (specify) 

D. Did the owner/operator use the following indirect 
techniques to supplement direct techniques data: 

l. Geophysical well logs? 
2. · Tracer studies? 
3. Resistivity and/or electromagnetic conductance? 
4. Seismic survey? 
5. Hydraulic conducti·:ity measurements of cores? 

A-l 
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6. ~e~ial photog~aphy? 

7. Ground penec~ating ~ada~? 
a. Other (speci:y) 

E. Did the owner/operate~ document and p~esent the 
raw data from the site hydrogeologic assessment? 

F. Did the owner/operate~ document methods (criteria) 
used to correlate and analy~ze the information? 

G. Did the owner/operate~ p~epare the following: 

1. Narrative descrip~ion of geology? 
2. Geologic cross sections? 
3. Geologic and soil maps? 
4. Borinq/coring logs? 
5. Structure contour maps of aquifer and aquitard? 
6. Narrative descrip~ion of ground-water flows? 
7. Water tabletpotentiome~ric map? 
a. Hydrologic c=oss sections? 

H. Did the owner/ope~ator obtain a regional map of the 
area and delineate the facility? 

I. If yes. does this map illustrate: 

l. Surficial geology features? 
2. Streams. rivers. lakes. or wetlands near the facility? 
3. Discharging or ~echarging wells near the facility? 

J. Did the owner/operator obtain a regional 
hydrogeologic map? 

K. If yes~ ~oes this hydrogeologic map indicate: 

l. Major areas of recharge/discharge? 
2. Regional ground-water flow direction? 
3. Potentiometric contours which are consistent with 

observed water level elevations? 

L. Did the.owner/operator prepare a facility site map? 

M. If yes, does the site map show: 

l. Regulated units of the facility (e.g .• landfill 
areas. impoundmen~s)? 

2. ~y seeps. sp~1ngs. st~eams. ponds. o~ wetlands? 

-~-2 
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3. Location of moni~orlng wells, soil borings, 
or test pits? 

4. How many ~egulated units does the facility hav~? 
If more than one regulated unit then, 
• Does the waste ma'nagement area encompass all 

regulated units? 
Or 

• Is a waste management area delineated for each 
regulated unit? 

I!. Characteri:ation of Subsurface Geology of Site 

~. Soil boring/test pit program: 

1. Were the soil borings/test pits performed under 
the supervision of a qualified professional? 

2. Were the borings placed close enough to accurately 
portray stratigraphy with minimal reliance on 
inference? 

3. If not, did the owner/operator provide documentation 
for selecting the spacing for borings? 

4. Were the borings drilled to the depth of the first 
confining unit below the uppermost :one of 
saturation? 

5. Indicate the method(s) of drilling: 
• ~uger (hollow or solid stem) 
• Mud rotary 
• ~ir rotary 
• Reverse rotary 
• cable tool 
• Jetting 
• Other (specify) 

6. Were continuous sample corings taken? 
7. How were the samples obtained (check method(s]) 

• Split spoon 
• Shelby tu.be, or similar 
• Rock coring 
• Ditch sampling 
• Other (explain) 

8. Were the continuous sample corinqs logged by a 
qualified professional in geology? 

9. Does the field boring log include the following 
information: 
• Hole name/number? 
• Date stared and finished? 
• Geologlst's r.ame? 

~-3 
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• Driller's name? 
• Hole location (i.e., ma~ and elevation)? 
• Drill rig type and bit/auger s~:e7 
• Gross J?etrography (e.g., rocit type) of 

each geologic um't 7 
• Gross mineralo~J of each geologic unit? 
• Gross structural interpretation of ea~~ 

geologic unit and structural features 
(e.g .• fractures. gouge material. solution 
channels. bur~ed streams or valleys. 
identification of depositional material)? 

• Development of so1l :ones and vertical extent 
and description of soil type? 

• Depth of water-bear1ng unit(s) and vertical 
extent of each? 

• DeJ?th and reason for termination of borehole? 
• Depth and location of any contaminant encountered 

in borehole? 
• Sample location/number? 
• Percent sample recovery? 
• Narrative descr1ptions of: 

-- Geologic ocservations? 
-- Drilling ocservations? 

10. Were the following analytical tests J?erformed on the 
core samples: 
• Mineralogy (e.g .• microscopic tests and x-ray 

diffraction)? 
• Petrographic analysis: 

- degree of crystallinity and cementation of 
matrix? 

- degree of sorting. si:e fraction (i.e. 
sieving), textural variations? 

- rock type(s)? 
- soil type? 
- approximate bulk geochemistry? 
- existence of microstructures that may effect 

or indicate fluid flow? 

• Falling head tests? 
• Static head tests? 
• Settling measurements? 
• Centrifuqe tests? 
• Column drawings? 

B. Verification of suesurface geological data 

l. Has the owner/operator used indirect geophysical methods 
to supplement geoiog1ca1 cond1tions between borehoi: 
locacions? 

( "!1:-I) 
("i'/N) 
("{/}I) 

( 'l/Nl 
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(YIN) 
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(YIN) 
( 'l/N) 

('liN) 
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(YIN) 
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(YIN) 
(YIN) 
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2. Does the numbe~ of bo~ings and analy~ical data indicate 
that the confining laye~ displays a low enough 
permeability to impede the mig~ation of contaminan~s 
to any st~atigraphically lowe~ water-bearing units? 

3. Is the confining laye~ late~ally continuous ac~oss 
the entire site? 

4. Did the owner/operator consider the chemical 
compatibility of the site-specific waste types 
and the geologic materials of the confining layer? 

5. Did the geologic assessment address or ~~ovide 
means fo~ resolution of any information gaps of 
geologic data? 

6. Does the laboratory data corroborate the field 
data fo~ petrography? 

7. Does the laboratory data corrobo~ate the field 
data fo~ mineralogy and subsurface geochemistry? 

C. Presentation of geologic data 

1. Did the owner/operator present an adequate number 
of geologic cross sections of the site? 

2. Do each of these cross sections: 
• identify the t:;pes and characte~istics of 

the geologic materials present? 
• define the contact :ones between different 

geologic materials? 
• note the :ones of high permeability or 

fracture? 
• give detailed bo~ehole information including: 

location of borehole? 
depth of termination? 
location of screen (if applicable)? 
depth of :one of saturation? 
depic~ion of any geophysical logs? 

3. Did the owne~/ope~ator provide a topographic map which 
was constructed by a licensed surveyo~? 

4. Does the topographic map p~ovide: 
• contours at a maximum interval of two-feet? 
• locations and illustrations of man-made 

features (e.g., parking lots, factory 
buildings, drainage ditches, storm drains, 
pipelines, etc.)? 

• descriptions of nearby water bodies? 
• descriptions of off-site wells? 
• site boundaries? 
• individual RCRA units? 
• delineation of the \.taste management a~ea( s)? 
• solid waste management a~eas? 
• well and bo~1ng locatlons7 
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5. Did the owner/operator provide an aer~al photo­
graph depic~ing the s~t= and adjacent off-s~te 
features? 

6. Does the photograph clearly show surface water 
bodies. adjacent municipalities. and res~dences 
and are these clearly labelled? 

III. Identification of Ground-Water Flow Paths 

A. Ground-water flow direction 

1. Was the well cas~ng height measured by a 
licensed surveyor to the nearest 0.01 feet? 

2. Were the well water level measurements taken 
within a 24 hour period? 

3. Were the well water level measurements taken 
to the nearest 0.01 feet? 

4. Were the well water levels allowed to stabilize 
after construction and development for a 
minimum of 24 hours prior to measurements? 

5. Was the water level information cbta~ned 
from (check appropriate one): 
• multiple piezometers placement in single 

boreholes? 
• vertically nested piezometers in closely spaced 

separate boreholes? 
6. Did the owner/operator provide construction 

details fer the piezometers? 
7. How were the static water levels measured (check 

method(s). 
Electric water sounder 
Wetted tape 
Air line 
Other (explain) 

a. Was the well water level measured in wells 
drilled to an equivalent depth below the 
saturated zone. or screened at an equivalent 
depth below the saturated zone? 

9. Has the owner/operator provided a site water table 
(potentiometric) contour map? If yes. 
• Do the potentiometric contours appear logical 

based en topography and presented data? 
(Consult water level data) 

• Are ground-water flowlines indicated? 
• Are static water levels shewn? 
• Can hydraullc gradients be estimated? 

-~_, _______________ -------
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10. Did the owner/operator develop two, or more, 
hydrologic cross sec~ions of the ver~ical :low 
component across the site? 

ll. Do the owner/operator's flow nets include: 
• piezometer loca~ions? 
• depth of screening? 
• width of screening? 

B. Seasonal and temporal fluctuations in ground-water level 

l. Do fluctuations in static water levels occur? 
• If yes, are the fluctuations caused by any of 

the following: 
Off-site well pumping 
Tidal processes or·other intermittent natural 
variations {e.g., river stage, etc.) 
On-site well pumping 
Off-site. on-site construction or changing 
land use pat<:erns 
Deep well injection 
Waste disposal practices 
Seasonal variations 
Other (specify) 

2. Has the owrier/opera~or documented the source and 
patterns that contribute to or affect the ground-water 
flow patterns below the waste management area? 

3. Do the water level fluctuations alter the general 
ground-water gradients and flow directions? 

4. Based on water level data. do any head differ­
entials occur that may indicate a vertical flow 
component in the saturated zone? 

S. Did the owner/operator implement means for gauging 
long term affects on water movement that may result 
from on-site or off-site· construction or changes 
in land-use patterns? · 

C. Hydraulic conductivity 

l. How were hydraulic conductivities of the subsurface 
materials determined? 
• Sinqle-well tests (sluq tests)? 
• Multiple-well tests (pump tests)? 

2. If single-well tests were conducted. was it done 
by: 

Adding or removing a known volume of water? 
or 
Pressuri:ing well casing 
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3. If single well tes~s were conducted in a highly 
permeable forma~!on. were pressure transducers 
and high-speed recording equ~pmen~ used to 
record the rapidly changing water levels? 

4. Since single well te'sts only measure hydraulic 
conductivity in a limited area. were enough 
tests run to ensure a representative measure 
of conductivity in each hydrogeologic unit? 

5. Is the owner/operator's slug or pump test data 
consistent with ex~st~ng geologic inforrnat~on 
(e.g .• boring logs>? 

6. Were other hydraulic conductivity properties 
determined? 

7. If yes. provide any of the following data. if 
available: 
• Transmissivity 
• Storage coefficient 
• Leakage 
e Permeability 
• Porosity 
• Specific capacity 
• Other (specify> 

D. Identification of the uppermost aquifer 

l. Has the extent of the uppermost aquifer in the 
facility area been defined? If yes. 
• Are soil boring/test pit logs included? 
• Are geologic cross-sections included? 

2. Is there evidence of confining (competent. 
unfractured. continuous. and low permeability) 
layers beneath the site? 
• If yes. was continuity demonstrated through the 

evidence of lack of drawdown in the upper well 
when separate. closely-spaced wells (one screened 
at the uppermost part of the water table. and 
the other screened on the lower side of the 
confining layer} are pumped simultaneously? 

3. Was hydraulic conductivity of the confining unit 
determined by direct field measurements to be 
of sufficient low permeability to prevent passage 
of contaminants to saturated. stratigraphically 
lower units? 

4. Does potential for other hydraulic interconnect­
tion exist (e.g •• lateral incontinuity between 
geologic units. facies changes. fracture :ones. 
cross cutting st~ctures. or chemical corrosion/ 
alteration of geologic units by leachate)? 
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IV. Conclusions 

~. Subsurface geology 

l. Has sufficient data 'been collected to adequately 
define petrography and petrographic variation? 

2. Has the subsurface geochemist~/ been adequately 
defined? 

3. Was th~ boring/coring program adequate to define 
subsurface geologic variation? 

4. Was the owner/operator's narrative description 
complete and accurate in its interpretation 
of the data 7· 

5. Does the geologic assessment address or provide 
means to resolve any information gaps? 

B. Ground-water flow paths 

l. Did the owner/operator adequately establish the 
horizontal and vertical components of ground-· 
water flow? 

2. Were appropriate methods used to establish 
ground-water flow paths? 

3. Oid the owner/operator provide accurate 
documentation? .... __ 

4. Are the potentiometric surface measurements 
valid? 

5. Oid the owner/operator adequately consider the 
seasonal and temporal effects on the ground­
water? 

6. Were sufficient hydraulic conductivity tests 
performed to document lateral and vertical 
variation in hydraulic conductivity in the 
entire hydrogeologic subsurface below the 
site? 

C. Uppermost aquifer 

l. Oid the owner/operator adequately define the 
uppermost aquifer? 
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APPENDIX A.2 

PLACEMENT OF DET!C~ION MONI~ORING WELLS WORKSHEEr 

!he following worksheets are designed to assist the eniorcemenc officer's 
evaluation of an owner/operator's approach for selecting the number .• location. 
and depth of all detection phase monitoring wells. !his series of worksheets 
has been compiled to closely track the information presented in Chapcer 2 of 
the !EGO. !he guide for the evaluation of an owner/operator's placement of 
monitoring wells is highly dependent upon a thorough charac~er~:at~on of the 
site hydrogeology as described in Chapter l of the !EGD and Append~x A.l 
workSheets. 

I. Placement of Downaradient Detection Monitorina Wells 

A. Are the ground-water monitoring wells or clusters located 
immediately adjacent to the waste management area? 

B. Does the owner/operator provide a rationale for the 
location of each monltoring well or cluster? 

C. Does the owner/operator provide an explanation for the 
density of the ground-water monitoring wells? 

D. Has the owner/operator identified the screen length(s) 
of each monitoring well or cluster? 

E. What lenqth screens has the owner/operator employed in 
the ground-water monitoring wells on site? 

F. Does the owner/operator provide an explanation for the 
screen lengths of each monitoring well or cluster? 

G. Do the actual locations of monitoring wells or clusters 
correspond to those identified by the owner/operator? 

II. Placement of Upgradient Monitoring Wells 

A. Has the owner/operator documented the location of each 
upqradient monitoring well or cluster? 

B. Does the owner/operator provide an explanation for the 
location(s) of the upqradient monitoring wells? 
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C. What leng~h screens has the owner/operator employed i~ 

the background monitoring well(s)7 

0. Does the owner/operator provide an explanation for the 
screen length(s) chosen? 

E. Are the upqraident monitoring wells installed in the 
same portion of the uppermost aquifer as the downgradient 
monitoring wells? 

F. Does the actual location of each background monitoring 
well or cluster correspond to that identified by the 
owner/operator? 

III. Conclusions 

A. Oowngradient Wells 

Do the location. number. and screen lengths of the ground­
water monitoring wells or clusters in the detection 
monitoring system allow for the immediate detection 
of a release of hazardous waste or constituents from the 
hazardous waste management area? 

B. Upqradient Wells 

Do the location and screen lengths of the upgradient 
(background) ground-water monitoring wells ensure 
the capability of collecting ground-water samples 
representatiave of upgradient (background) ground-water 
quality including any ambient heterogeneous chemical 
characteristics? 
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;..Pl?ENDIX A. 3 

MONITORING WELL JES:GN AND CCNS7RUC::JN WORKSrZE: 

The following worksheets have been designed to assist the enforcement 
officer in evaluating the techniques used by an owner/operator for designing 
and constructing monitoring wells. This series of worksheets has been 
compiled to parallel the info~tion presented in Chapter 3 of the :EGD. 

I. Monitoring Well Desiqn 

A. Complete the attached well construction summary shee~ for the 
monitoring well unless sim~lar documentation is already ava~lable 
from the owner/operator. Include the locat~ons where the well 
intercepts changes in geological fo~tion. 

II. Drilling Methods 

A. What drilling method was used for the well? 
• Hollow-stem auger 
• Solid-stem auger 
• cable tool 
• Air rotary 
• Water rotary 
• Mud rotary 
• Reverse rotary 
• Jetting 
• Air drill with casing hammer 
• Other (specify) 

B. Were any drilling fluids (including water) or additives 
used during drilling? 
If yes. specify 

Type of drilling fluid -----------------------------------­
Source of water used -----------------------------------------

Foam -------------------------------------------------------Polymers 

Other ------------------------------------------------------
C. Was the drillinq fluid. or additive. analy-zed? 

D. Was the drilling equipment steam-cleaned prior to drilling 
the well? 
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E. Was compressed air used during drilling? 
l. !f yes, was the au· treated to remove oil (e.g .. 

filtered)? 
F. Did the owner/operator qocument procedure :or' establishing 

the potentiometric surface? 
l. If yes, how was :.!'le location established? 

G. Format1on samples 
l. Were cont1nuous :ormation sample cores collected 

initially during drilling? 
2. How were the samples obtained? 

• Split spoon 
• Shelby tube 
• Core drill 
• Other (speci!yl 

3. Indicate the inte~Jals at which formation samples were 
collected 

4. Identify if any physical and/or chemical tests were per­
formed on the formation samples (speci!y) 

II!. Monitoring Well Const~~c~ion Materials 

List of Potential Const=uc~ion Materials for the Saturated Zone 

l. Stainless steel (316. 304, 2205) 
2. Fluorocarbon resins <specify) 
3. Other (specify) 

Teflon 

A. Identify construction materials (by number) and diameters 
(ID/OD) 

l. Primary casing 
2. Secondary or outside casing 

(double construction) 
3. Screen 

Material 
Diameter 
(ID/ODl 

(YIN) 

(YIN) 

(YIN) 

(YIN) 
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B. How are the sec~ions of casing and screen connected? 
• Pipe sec~ions threaded 
• Couplings (fric~ion) with adhesive or solvent 
• Couplings (fric~ion) with retainer screws 

• Other (specify) -·-----------------------------------

C. Were the materials steam-cleaned prior to installation? 
Other cleaning methods (specify) 

IV. Well Intake Design and Well Develooment 

A. Was a well intake screen installed? 
1. What is the leng~h of the screen for the well? 

2. Is the screen manufactured? 

B. Was a filter pack installed? 
1. Wase the material used to construct the filter pack 

chemically inert? Specify the material 

2. Has a turbidity measurement of the well water ever 
been made? 

C. Well development 
1. What technique was used for well-development? 

• Surge block 
• Bailer 
• Air surging 
• Water pumping 
• Other (specify) 

V. Annular Scace Seals 

A. Is the annular space in the saturated zone directly above 
the filter pack filled with? 

• Sodium bentonite (specify type and grit)· 

• Cement (specify neat or concrete) 
• Other (specify) 

l. Was the seal ins~alled by? 
• Dropping material down the hole and tamping 
• Dropping material down the inside of 

hollow-stem auger 
• Tremie pipe method 
• Other (specify) 
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B. Was a different seal used in the unsaturated zone? 

c. 

0. 

-· 

If yes, 
l. Was this seal made with? 

• Sodium bentonite ,<specify t7Pe and grit) 

• Cement (specify neat or concrete) 
• Other (specify) 

2. Was this seal installed by? 
• Dropping material down the hole and tamping 
• Dropping material down the inside of 

hollow-stem auger 
• !rem~e p~pe method 
• Other (specify) 

Is the upper por~ion of the borehole sealed with a 
cap to preven~ infiltration from the surface? 

Is the well fitted with an above-ground protective 

Has the protective cover been installed with locks 
prevent tampering? 

concrete 

device? 

to 

VI. Field Tests/Field ~emonstrat~on 

~. Oo field measurements of the following agree with 
reported data: 
l. Casing diameter? 
2.. Well depth? 
3. Water level elevation? 

3. If the existing well is being field demonstrated, complete 
Questions l through 7. 
l. Is the location of the demonstration well hydraulically 

equivalent to the existing well? 
2. Was the demonstration well installed using EP~-approved 

methods and materials? 
3. How were the wells evacuated (e.g., bailer or bladder 

pump)? 
existing well: 
demonstration well: 

4. Were the wells sampled concurrently? 
5. Were the wells each sampled using the appropriate EP~ 

methodology? 
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6. What parameters were the ground water samples analyzed 
for'? 

7. Are the ~alues for these parameters equi~alent for each 
well (i.e., within the acceptable standard de~iations)'? 

VII. Conclusions 

A. Do the design and construction of the owner/operator's 
ground-water monitoring wells permit depth discrete ground­
water samples to be ta~en'? 

B. Are the samples representati~e of ground-water quality'? 

C. Are the ground-water monitoring wells structurally stable'? 

D. Does the ground-water monitoring well's design and con­
struction permit an ac::urate assessment of aquifer 
·:-:.aracteristics'? 
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APPENDIX A.4 

SAMPLING AND ANALYSIS WCRKS~E! 

!he following worksheets have been designed to assist the enforcement 

officer in evaluating the techn~ques an owner/operator uses to collect and 
analyze ground-water samples. !his series of worksheets has been compiled 

based on the information provided in Chapter 4 of the TEGD. 

I. Review of Samcle Collection ?~ocedures 

A. Measurement of well depths elevation: 

s. 

l. Are measurements of both depth to standing water 
and dep~h to the bottom of the well made? 

2. Are measurements taken to the nearest centimeter 
or 0.01 foo~? 

3. What device is used? 

4. Is there a reference point(s) established by a 
licensed surveyor? 

Detection of immiscible layers: 
l. Are procedures used ~o~nich will detect light phase 

immiscible layers? 
2. Are procedures used . .,hich will detect dense phase 

immiscible layers? 

C. Sampling of immisc~ble layers: 
l. Are the immiscible layers sampled separately prior to 

well evacuation? 
2. Do the procedures used minimize mixing 

with water soluble phase? 

0. Well evacuation: 
l. Are low yielding wells evacuated to dryness? 
2. Are high yielding wells evacuated so that at least 

three casing volumes are removed? 
3. What device is used to evacuate the wells? 

4. If any problems are encountered (e.g., equipmen~ 
malfunction) are they noted in a field logbook? 

E. Sample withdrawal: 
l. For low-yielding wells, are first samples tested for 

pH, tempera~ure, and specific conductance after the 
well recovers? 
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2. Are samples collected and con~ainerized in order of 
the parameters volatilization sensitivity? 

3. For higher-yielding wells, are samples retested for 
pH. temperature. and specific conductance to determine 
purging efficiency? ' 

4. Are samples withdrawn with either fluorocarbon resins 
or stainless steel (304, 316, 2205) sampling devices? 

5. Are sampling devices either bottom valve bailers 
or positive gas displacement bladder pumps? 

6. If bailers are used, is fluorocarbon resin-coated wire, 
single strand stainless steel wire, or monofilament 
used to raise and lower the bailer? 

7. If bladder pumps are used. are they operated in a 
continuous manner to prevent aeration of the sample? 

8. If bailers are used, are they lowered slowly to 
prevent degassing of the water? 

9. If bailers are used, are the contents transferred 
to the sample container in a way that will minimize 
agitation and aeration? 

10. Is care taken to avoid placing clean sampling equipment 
on the ground or other contaminated surfaces prior to 
insertion into the well? 

11. If dedicated sampling equipment is not used, is 
equipment disassembled and thoroughly cleaned between 
samples? 

12. If samples are for inorganic analysis, does the clean­
ing procedure include the following sequential steps: 
a. Nonphosphate detergent wash? 
b. Dilute acid rinse (HN03 or HCl)? 
c. Tap water rinse? 
d. Typ.e II reagent grade water? 

13. If samples are for organic analysis. does the cleaning 
procedure include the following sequential steps: 
a. Nonphosphate detergent wash? 
b. Tap water rinse? 
c. Distilled/deionized water rinse? 
d. Acetone rinse? 
e. Pesticide-grade hexane rinse? 

14. Is sampling equipment thoroughly dry before use? 
15. Are equipment blanks taken to ensure that sample 

cross-contamination has not occurred? 
16. If volatile samples are taken with a positive gas 

displacement bladder pump, are pumping rates below 
100 m1/min? 
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'C' ... In-situ or field analyses: 
1. Are the following labile (chemically ~~stable) paramete~s 

determined in the field: 
a. pH? 
b. Temperature? 
c. Specific conductivity? 
d. Redox potential? 
e. Chlorine? 
f. Dissolved oxygen? 
g. Turbidity? 
h. Other (specify) 

2. For in-situ determinations. are they made after well 
evacuation and sample removal? 

3. If sample is w1thdrawn from the well. is parameter 
measured from a split portion? 

4. Is monitoring equipment calibrated according to 
manufacturers' specifications and consistent with 
SW-846? 

5. !s the date, procedure, and maintenance for equipment 
calibration documented in the field logbook? 

II. Review of Samole Prese~ation and Handling Procedures 

A. Sample containers: 
l. Are samples transferred from the sampling device 

directly to their compatible containers? 
2. Are sample containers for metals (inorganics) analyses 

polyethylene with polypropylene caps? 
3. Are sample containers for organics analysis glass 

bottles with fluorocarbon resin-lined caps? 
4. If glass bottles are used for metals samples are 

the caps fluorocarbon resin-lined? 
5. Are the sample containers for metal analyses cleaned 

using these sequent1al steps? 
a. Nonphosphate detergent wash? 
b. l:l nitric acid rinse? 
c. Tap water rinse? 
d. l:l hydrochloric acid rinse? 
e. Tap water rinse? 
f. Type II reagent grade water rinse? 

6. Are the sample containers for organic analyses cleaned 
using these sequential steps? 
a. Nonphosphate detergent/hot water wash? 
b. Tap water rinse? 
c. Distilled/deioni:ed water rinse? 
d. Acetone rinse? 
e. Pesticide-grade hexane rinse? 
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a. 

7. Are trip blanks used for each sample container type 
to verify cleanliness? 

Sample preservation procedures: 
l. Are samples for the,following analyses cooled to 4°C: 

a. TOC'? 
b. !OX'? 
c. Chloride? 
d. Phenols? 
e. Sulfate? 
~ Nitrate? 
g. Pesticides/Herbicides? 
h. Colifo~ bacteria? 
i. Cyanide? 
j. Oil and grease? 
k. Volatile. semi-volatile, and nonvolatile organics? 

2. Are samples for the following analyses field acidified to 
pH <2 with HN03: 
a. Iron? 
b. Manganese? 
c. Sodium? 
d. Total metals? 
e. Dissolved metals? 
f. Radium? 
g. Gross alpha? 
h. Gross beta? 

3. Are samples for the following analyses field acidified 
to pH <2 with H2S04: 
a. Phenols? 
b. Oil and grease? 

4. !s the sample for !OC analyses field acidified to 
pH <2 with H2S04 or HCl? 

5. !s the sample for !OX analysis preserved with 
l ml of l.l M sodium sulfite? 

6. Is the sample for cyanide analysis preserved with 
~aOH to pH > 12 '? 

7. Are pesticides pH adjusted to between 6 and 8 with 
NaOH or HzS04'? 

C. Special handling considerations: 
1. Are organic samples handled without filtering? 
2. Are samples for volatile organics transferred to 

the appropriate vials to eliminate headspace over 
the sample? 

3. Are samples for metal analysis split into two 
portions? 

4. Is the sample for dissolved metals filtered 
through a 0.45 micron filter? 
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5. Is the second po~~ion not filte~ed and analyzed 
fo~ total me~als? 

6. Is one equipmen~ ~lank p~epared each day of 
ground-wate~ sampling? 

III. Review of Analytical Procedures 

~. Labo~atory analysis procedures: 
l. ~re all samples analyzed using an EP~-approved 

meehod <SW-846)? 
2. ~re app~opriaee QAIQC measures used in labo~ato~y 

analysis (e.g., blanks, spikes, standards)? 
3. ~re detection lim~ts and pe~cene recove~J (if 

applicable) provided for each parameter? 
4. If a new analytical method or laborato~J is used, 

are split samples ~ for compa~ison purposes? 
5. ~re samples analyzed within specified holding 

times? 

B. Laboratory logbook: 
l. Is a laboratory logbook maintained? 
2. ~re experimental conditions (e.g., temperature, 

humidity, etc.) poted? 
3. If a sample for volatile analysis is received 

with headspace, is this noted? 
4. Are the results for all QC samples identified? 
5. Is the time, date, and name of person noted 

for each processing step? 

IV. Review of Chain-o£-custodv Procedures 

~. Sample labels: 
1. Are sample labels used? 
2. Do they provide the following information: 

a. Sample identification numbe~? 
b. Name of collec~or? · 
c. Date and time of collection? 
d. Place of collection? 
e. Parameter(s) ~equested: 

3. Do they remain legible even if wet? 

B. Sample seals: 
l. Are sample seals placed on those containers to 

ensure the samples are not altered? 
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C. Field logbook: 

D. 

1. Is a field logbook maintained? 
2. Does it document the following: 

a. Purpose of sampling (e.g., detection or 
assessment)? 

b. Identification of well? 
c. Total depth of each well? 
d. Static water level depth and measurement 

technique? 
e. Presence of immiscible layers and 

detec~ion method? 
f. Collection method for immiscible layers 

and sample identification numbers? 
g. Well yield - high or low? 
h. Purge volume and pumping rate? 
i. Time well purged? 
j. Well evacuation ?rocedures? 
k. Sample withdrawal procedure? 
l. Date and time of collection? 
m. Well sampling sequence? 
n. Types of sample con~ainers and sample 

identification numbers? 
o. Preservative(s) used? 
p. Parameters requested? 
q. Field analysis data and method(s)? 
r. Sample distribution and transporter? 
s. Field observations? 

• Unusual well recharge rates? 
• Equipment malfunction(s)? 
• Possible sample contamination? 
• Sampling rate? 

t. Field team members? 
U. Climatic conditions and air temperature? 

Chain-of-custody record: 
l. Is a chain-of-custody record included with 

each sample? 
2. Does it document ~~e following: 

a. Sample number? 
b. Signature of collector? 
c. Date and time of collection? 
d. Sample type? 
e. Identification of well? 
f. Number of containers? 
g. Parameters requested? 
h. Signatures of ?ersons involved in the 

chain-of-possession? 
, Inclus1ve dates of possession? .. 
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E. Sample analysis reques~ sheet: 
1. Does a sample analysls request sheec accompany 

each sample? 
2. Does the request she~t document the following: 

a. Name of person receiving the sample? 
b. Date of sample receipt? 
c. ~boratory sample number (if different than 

field number)? 
d. Analyses to be performed? 

F. ~oratory logbook: 
1. Is a laboratory logbook maintained? 
2. If so, does it document the following: 

a. Sample preparation techniques (e.g., extraction)? 
b. Instrumental methods? 
c. Experimental conditions? 

V. Review of Qualitv ~ssuranceiQuality Control 

~. Is the validity and reliability of the laborato~/ and 
field generated data ensured by a Q~IQC program? 

B. Does the Q~IQC program include: 

c. 
D. 

E. 

l. Documentation of any deviations from approved 
procedures? 

2. Collection and analysis of trip blanks and 
equipment blanks? 

3. Documentation of analytical results for: 
a. ~boratory blanks? 
b. Standards? 
c. Duplicates'? 
d. Spiked samples? 

Are approved statistical methods used'? 

~re QC samples used to correct data'? 

Are all data critically examined to ensure it 
has been properly calculated and reported'? 

VI. Review of Indicators of Data Quality 

A. Reporting of low and zero concentration values: 
l. Do specific concentration values accompanying 

measurements reported as less than a limit of 
detection? 

2. Is the magnitude of detection limits consistent 
throughout ~he daca set for each parameter? 
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3. Have techniques described in Appendix 3 of 
40 CFR §136 been used to determ~ne the detection 
limits? 

4. Has the method fer using less than detection 
limit data in presen~aticns and statistical 
analysis been documented? 

3. Significant digits: 
l. Are constituent concentrations reported with 

a consistent number of significant digits? 
2. Are all indicator parameters reported with 

at least three significant digits? 

C. Missing data values: 
l. Is the monitoring data set complete? 
2. Are t-test compar~scns between upgradient and 

dcwngradient wells attempted despite missing 
data provided that: 
a. At least one upgradient and one dcwngradient 

well were sampled? 
b. In the case of a missing quarterly 

sampling set. values are assigned by 
av·eraging corresponding values for 
the ether three quarters? 

c. In the case of missing replicate values 
from a sampling event. values are assigned 
by averaging the replicate(s) which are 
available fer that sampling event? 

D. Outliers: 
l. Have extreme values (outliers) of constituent 

concentrations deleted or otherwise modified 
because of: 
a. Incorrect transcription? 
b. Methcdc1cqica1 problems or an unnatural 

catastrophic event? 
c. Are these above occurrences fully 

documented'? 
2. Are true but extreme values unaltered and 

incorporated in the analysis'? 

E. Units of measure: 
l. Are all units of measure reported accurately'? 
2. Are the units of measure fer a given chemical 

parameter used consistently throughout the 
report? · 
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M'PENDIX 'A.S 

PRESENTING DETECTION MONITORING D'AIA WORKSHEET 

The following worksheets have been designed to assist the enforcement 
official in evaluating the method an owner/operator uses in presenting and 
statistically analy:ing detect~on monitoring data. This series of worksheets 
has been compiled to parallel the information provided in Chapter 5 of the 
n:GD. 

I. Presentina Detection Monitoring Data 

•T J. .... 

A. Is the owner/operator using the data reporting sheets 
as described in the IEGD (Chapter 5)? 

B. Have all the detection monitoring data collected by the 
facility been obtained and reviewed? 

I-test and Number of Wells 

A. Which t-test is in use: 
l. Cochran's Approximation to the Behrens-Fisher 

(CABF t-test)7 
2. Averaged replicate t-test (AR t-test)? 
3. Other, describe: 

B. Does the facility have more than one upqradient monitoring 
well? 

III. First Year's Data 

A. 

B. 

c. 

Have upqradient wells been monitored to establish background 
concentrations of the following data on a quarterly basis for 
one year: 
l. Appendix III parameters <§265.92(b)(l))? 
2. Ground-water quality parameters (§265.92(b)(2))? 
3. Ground-water contamination indicator parameters 

(§265.92(b)(3))'? 

Were four replicate measurements obtained from each 
upqradient well during the first year of quarterly detec­
tion monitoring for indicator parameters [§265.92(b)(3)]? 

Have the background mean and variance been determined for 
the §265.92(b)(3) parameters us~ng all the data obta~ned 
f::-om the upgradient wells during the first :t·ear of sampll~c;:' 
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D. Are background statistics dete~ined f~om missing daca 

using the criteria discussed in Chapter Four? 

IV. Subseauent Year's Data 

A. Is monitoring data collected after the first year being 

compared with background data to dete~ine possible 

groundwater contamination? 

B. Is the identified approved t-test being used properly to 

dete~ine possible ground-water contamination? 

C. Are the ground-water quality parameters in §265.92(b)(2) 

be~ng measured at least annually? 

0. Are the indicator parameters in §Z65.92(b)(3) being 

measured in at least four replicate samples from each 

well in the detection monitoring network at least 

semi-annually? 

E. Are the indicator parameters collected on a semi-annual 

basis being used to estimate the mean and variance? 

F. Is the elevation of the water table at each monitoring 

well determined each time a sample is collected? 

V. Conclusions 

A. Is the owner/operator adequately reporting and statis­

tically analyzing the facility's monitoring well data? 

B. If the t-test indicated a significant increase in IP's for 

downgradient wells. were they resampled and reanalyzed? 

C. If the resampling still indicated a significant increase. 

was assessment monitoring begun? 
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APPENDIX A.6 

ASSESSMENT MCNITORING 

The following worksheets have been designed to assist the enforcement 
officer in evaluating an owner/operator's assessmen~ phase ground-wa~ar 
monitoring program. This series of worksheets has been compiled to parallel 
the informa~~on presented in Chapter 6 of the TEGD. 

I. Review of Hvdroaeologic Descrictions 

A. Has the site's hydrogeologic setting been well characterized 
(refer to Appendix A.l of !EGD)? (YIN) 
l. Has the regional and local hydrogeologic setting 

been thoroughly described? · 
2. !s there sufficient direct field information? 
3. Is the informat~on accurate and reliable? 
4. ~as the evaluation performed by a hydrogeologist? 
5. Did indirect investigatory methods correlate with 

direct methods? 
6. Have all poss~ble migration pathways been identified? 
7. ~ill the description of the hydrogeologic setting aid 

in characterizing the rate and extent of the plume 
migration? 

II. Review of Detection Monitoring Svstem Descriction 

A. Is the detection monitoring system capable of detecting 
all contaminant leakage that may be escaping from the 
facility (refer to Appendix A.2 of !EGD)? 
l. Are the well designs and construction parameters 

fully documented? 
2. Have the downgradient wells been strategically 

located so as to intercept migrating contaminants? 
3. Are upqradient wells positioned so that they are 

not effected by the facility? 
4. What are the screened intervals? 
5. Are the well construction materials (e.g .• casing. 

screen. seals. packing) comprised of material that 
will not affect the ground-water quality? 
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2. Does the plan provide sufficient desc~iptions of ~he 
direct methods to be used? 

3. Does the plan provide sufficient desc~iptions of the 
indirect methods to be used? 

4. Will the method contribute to the further charac~eri­
zation of the con~aminant movement? 

C. Are the investigatory techniques utilized in the assess­
ment program based on direct methods? 

D. 

1. Does the assessment approach incorporate indirec~ 
methods to further support direct methods? 

2. Will the planned methods called for in the assessment 
approach ultimately meet performance standards for 
assessment monitoring? 

3. Are the procedures well defined? 
4. Does the approach provide for monitoring wells similar 

in design and construction as the detection monitoring 
wells? 

s. 

Are 
and 
l. 

2. 

3. 

4. 

s. 

Does the approach employ taking samples during drill­
ing or collecting core samples for further analysis? 

the indirect methods to be used based on reliable 
accepted geophysical techniques? 
Are they capable of detecting subsurface changes 
resulting from contaminant migration at the site? 
Is the measurement at an appropriate level of 
sensitivity to detect ground-water quality changes 
at the site? 
Is the method appropriate considering the nature 
of the subsurface materials? 
Does the approach consider the limitations of 
these methods? 
Will the extent of contamination and constituent 
concentration be based on direct methods and sound 
engineering judgment? (Using indirect methods to 
further substantiate the findings) 

E. Does the assessment approach incorporate any mathematical 
modeling to predict contaminant movement? 
1. Will site specific measurements be utilized to 

accurately portray the subsurface? 
2. Will the derived data be reliable? 
3. Will the model be adequately calibrated with 

observed physical conditions? 
4. Have the assumptions been identified? 
5. Have the physical and chemical properties of the 

site-specific wastes and hazardous waste constituents 
been identified? 
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V. Review of Assessment Monitorina Wells 

A. Does the assessment plan specify: 
l. !he number, location, and depth of wells? 
2. !he rationale for their placement and identify the 

basis that will be used to select subsequent sampling 

locations and depths in later assessment phases? 

B. Does the assessment period consist of a phased investiga­
tion so that data gained in initial rounds may help guide 

subsequent rounds? 
l. Do initial rounds incorporate geophysical techniques 

to approximate the limits of the contam~nant plume? 
2. Has information from the triggering well (well show­

ing elevated contaminant concentrations) been incor­
porated in the initial design and specifications? 

3. Is the sampling program designed adequately to port=ay 
a three dimensional plume configuration? 

4. Are evaluation procedures in place that will provide 
further guidance for subsequent monitoring? 

C. Does sufficient hydrogeologic data exist in the direction 

of the contaminant plume? 
l. Does the subsurface setting provide any information 

on possible transport mechanisms and attenuation 
processes? 

2. Are provisions made to secure additional data as 
needed? 

3. Are hydrogeologic descriptions updated as additional 
data become available? 

D. Sampling density: 
l. Is the number of monitoring well clusters sufficient 

to define the hori:ontal boundaries of the plume? 
2. Are the well clusters placed both perpendicular and 

parallel to plume migration from the triggering well? 
3. Are the well clusters placed both inside and outside 

the contaminant plume to identify its hori:onta1 
boundaries? 

4. Are sampling locations situated so as to identify 
areas of maximum contaminant concentration within 
the plume? 

5. Does the sampling density correlate with the si:e 
of the plume and the geologic variability? 
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E. Sampling depths: 
1. Are the in~ervals over which tha samples are col:ec~ed 

clearly identified? 
2. Are the well screens within each clus~er positioned 

to sample the full extent of the predic~ed vertical 
distribution of hazardous waste constituents? 

3. Are the well screens depth discrete to the extent 
possible to minimize dilution effects? 

4. Are there sufficien~ wells in each cluster to 
verbally define plume margins? 

5. Are there wells wi~hin each clus~er that are 
screened within the plume? 

6. Are the wells placed alternating lower and higher 
screened wells to reduce the effec~ of drawdown on 
the sampling horizons? 

7. Are there high fluc~uations in ground-water levels. 
or is the subsurface characterized by fractured 
consolidated formations that may otherwise require 
longer screen leng~hs? 

8. Are the wells screened to identify vertical concen­
tration gradients and maximum concentrations of the 
contaminants? 

VI. Review of Monitoring Well Design and Construction 

A. Are the well design and construction specification require­
ments equivalent to the detection requirements detailed in 
Chapter 3? 

B. Are well design and construction details provided for: 
1. Drilling methods? 
2. Well construction materials? 
3. Well diameter? 
4. Well intake structures and procedures for well 

development? 
5. Placement of annular seals? 

C. Are all these details approved and recommended considering 
the characteristics of the site? 

VII. Review of Samolinq and Ar4lysis Procedures 

A. Does the list of monitoring parameters include all 
hazardous waste constituents from the facility? 
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1. Does the water quality parameter lis~ include other 

important indica~ors not classified as hazardous 
waste consti~uencs? 

2. Does the ownerloper~tor provide documencation for 
the listed wastes which are not included? 

B. Have the procedures been detailed for sample collection? 

1. Do the procedures include evacuation of the borehole 

prior to sample collection? 
2. Are special procedures delineated for collection of 

separate phase immiscible contaminants? 
3. Has the equipmenc been identified? 
4. Do the procedures include decontamination of equipment? 

5. Have pumping rates. duration. and position in the well 

from which water will be evacuated been specified? 

C. . Do the procedures include provisions for sample preser­

vation and shipment? 

0. Do the procedures specify: 
l. Type of sample containers? 
2. Filtering procedures? 
3. Preservation techniques? 
4. Storaqe and time elements involved? 
5. Proper documentation? 

E. Do these procedures correspond to recommended procedures 

(SW-846 or EPA-approved procedures) for sampling and 

preservation? 

F. Do the sampling and analysis procedures identify analyti­

cal procedures for each of the identified monitoring 

parameters? 

G. Do the analytical procedures include: 
l. Detailed description and reference of approved 

analytical methods? 
2. QA/QC procedures? 
3. Location of laboratory performinq analysis? 
4. Proper documentation? 

H. Does the samplinq and analysis plan establish procedures 

for chain of custody control? 

I. Do these procedures include: 
l. Sample labels? 
2. Sample seals? 
3. Field loqbook? 
4. Chain of custody record? 
5. Sample analysis request sheet? 
6. Laborato~J logbook? 
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J. Do the procedures specify how assessmen~ ~onitocing data 
will be evalua~ed to dete~ine if contamination has 
actually occurred? 
l. Will the evaluation delineate the full extent of 

contaminant migration? 
2. Will significant changes in containment concentcation 

or movement be identified? 
3. Are the evaluation procedures suitable and objec!ive? 

K. Does the assessment plan clearly describe the procedures 
that will be used for evalua~ing monitoring data during 
the assessment'? 

~. Does the plan provide for evaluation of its methodologies 
to ensure each method is properly executed during the 
assessment period? 

M. Is a list of all detection monitoring and assessment monitor­
ing (if applicable) data available from the owner/operator? 
l. Do these lists include: 

• Field quality control samples (e.g .• sample container 
and equipment blanks)? 

• Laboratory quality control samples (e.g .• replicates, 
spiked samples. e~c.)? 

• Method detection limits? 
2. Are the lists prepared using a format which presents: 

• Codes that identify ~~s? 
• Well number? 
• Date? 
• Units of measure? 
• ~ess than (~T) detection limit values? 
• Concentrations of GWCCs? 

N. Has the owner/operator prepared summary statistics tables 
of the GWCC data? 
l. Oo the summary statistics tables include: 

• Number of ~T detection limit values? 
• Total number of values? 
• Mean? 
• Median? 
• Standard deviation? 
• Coefficient of variation? 
• Minimum value? 
• Maximum value? 

2. Are there summary statistics· tables that present: 
• c;;cc: 
• GWOC by well number? 
• GWCC by well number and date? 
• Quality control data? 
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0. Has the ownerloperacor simplified the stacistical data? 
1. Was the data simplified using a ranKing procedure for 

each ~C-well combination? 
z. Has the ranking procedure been applied to each ~~C 

which was detected at least once at eve~/ well in the 
monitoring syscem? 

P. Did the owner/operator display the data graphically? 
1. Were the data plotted graphically to evaluate 

temporal changes·! 
z. Were the data plotted on facility maps to evaluate 

spacial trends? 

VIII. Review of Migration Rates 

A. Did the owner/operator's assessment plan specify the pro­
cedures to be used to determine the rate of constituenc 
migration in the ground-water? 

B. Do the procedures incorporace a periodic re-evaluation of 
sampling data to continually monitor the rate and extenc 
of contaminant migration? 
l. Do the procedures clearly establish ground-water flow 

rates and direction downgradient from the detection 
wells? 

2. Are the methods employed suitable for these determina­
tions? 

3. Are the limitations of these methods known and 
documented? 

4. Do the evaluations incorporate chemical and physical 
characteristics-of the contaminants and the media? 

5. Are adsorptive and degradative processes considered 
in determining any retardation of contaminant movement? 

6. Have the assumptions been identified and documented? 

C. Does the assessment plan evaluate the presence of 
iDDiscible phas·e layers? 
l. Do the procedures specify detection and collection 

of liqht and dense phase immiscibles prior to well 
evacuation? 

2. Has the owner/operator used the slope of the water 
table and the velocity of ground-water flow to estimate 
light phase immiscible migration? 

3. Has the owner/operator defined the configuration of 
the confining layer to predict dense phase immiscible 
migration? 
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IX. Reviewing Schedule of Imolementation 

A. Has the owner/operator specified a schedule of implementa­
tion in the assessment plan? 

B. Does the schedule for implementing assessment monitoring 
data include a timetable for a comprehensive site evalua­
tion for contamination? 

c. Does 
l. 

2. 
3. 

4. 

the timetable include: 
A number of milestones used to judge if sufficient 
progress is being made toward the comple~ion of the 
assessmen~ during implementation? 
!he determination if contam~nat~on has occurred7 
:Ompleting an initial comprehensive assessment of 
contamination at the site? 
Implementing a program for continued monitoring after 
fully characterizing contamination at the site? 

D. Does this represent an acceptable time frame? 

X. Conclusions 

A. Has the owner/operator adequately characterized site 
hydrogeology to determine contaminant migration? 

B. Is the detection monitoring system adequately designed 
and constructed to immediately detect any contaminant 
release? 

C. Are the procedures used to make a first determination of 
contamination adequate? 

D. Is the assessment plan adequate to detect, characterize, 
and track contaminan~ migration? 

E. Will the assessment monitoring wells, given site hydro­
geologic conditions, define the extent and concentration 
of contamination in the horizontal and vertical planes? 

F. Are the assessment monitoring wells adequately designed 
and constructed? 

G. Are the sampling and-analysis procedures adequate to 
provide true measures of contamination? 

H. Do the procedures used for evaluation of assessment 
monitoring data result in determinations of the rate of 
migration, extent of migration, and hazardous constituent 
composition of the contaminant plume? 
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I. Are the data collected at sufficient duration and frequenc7 
to adequately determine che rate of mlgration? 

J. Is the schedule of implementation adequate? 

(YIN) 

(YIN) 

K. Is the owner/operator's 'assessment monitoring plan adequate? (YIN) 
l. If the owner/operator had to implement his assessment 

monitoring plan. was it implemented satisfactorily? (YIN) 
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APPENDIX 3 

A STATISTICAL PROCEDURE FOR ANALYZING :~rr~:M S~A!uS 
DE!EC'!ION MONITORING DATA: METrlODOLCGY AND APPLICA'!ICN 

' 

l.O INTRODUCTION 

!his appendix describes a statistical methodology for evaluating 

ground-water data collected under Subpart ? of 40 :!R §265. The 

methodology is presented in the context of an example data set from an 

idealized RCRA facility subject to the 1nterim status ground-water 

monitoring requirements. !he data structures were designed to illus~rate 

several characteristics of RCRA interim status ground-water concentration 

data. !he data presented in this appendix are more ex~ensive over time 

and space than the data available from most RCRA facilities. It is used 

here to illustrate the importance of an extensive and rigorous data 

collec~ion program and because it is easier to simplify a detailed 

example than to design details based on a simple example. 

Enforcement officials should understand that a proper statistical 

analysis and evaluation protocol involves more than a simple calculation 

procedure and that decisions must be made during ~~e course of conducting 

preliminary data analyses. exploration. and summa~!· To help with the 

preparatory analyses. Appendix B offers a series of preliminary procedures 

which provide guidance on data characterization and summary, evaluation 

of the background data distribution. and methods !or confronting a variety 

of data structure features including values less than (L!) a limit of 

detection. seasonal fluctuations in concentration. and violation of the 

assumptions required for the t-test. 

2.0 DATA DESCRIPTION. PREPARATION. AND SUMMARY 

2.1 Data Description 

!he data anal17:ed in this e:cample include measurements of total 

organ1c carbon (!OC) in par~s per m1llion (~pm) and total haloger.ated 

S-l 
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organics (!OX) in parts per b~llion (ppb) :~om four upgradienc wel:s and 

six downgradient wells. Background ground-water quality was charac:erized 

by sampling the four upgradienc wells bimonchly for a year. !he down­

gradient and upqradient wells were sampled quarterly after the firsc 

year. This example includes data from the background characterizacion 

period and one quarterly sampling episode that was conducted after the 

background characterization. Four replicace· measurements were obtained 

for every chem~cal parameter each time a well was v1sited for sampling. 

Table l is a listing of :he !OX and TOC daca used to characterize the 

background ground-water quality, and Table 2 is a listing of the data 

obtained during a subsequent quarterly sampling. 

2.2 Data PreQaration 

2.2.1 Averaging the Replicate Measurements 

Prior to further evaluacion. the data should be prepared for 

analysis by taking the average of the replicate measurements from each 

well. The averaging of the replicate measurements is the first step 

required for the averaged replicate t-test. 

!he methodology for averaging the replicates depends on how many of 

the four replicate measurements are ~T detection limit values. If all of 

the values measured are ~T a limit of detection. then the replicate 

average value assigned to the well for that sampling period is ~T the 

limit of detection. However. if none of the replicate concentration 

measurements from a well are ~T a limit of detection. then the simple 

averaging method described in Table 3 can be applied. The most difficult 

situation is when the replicate measurements consist of a mixture of 

values that are greater than or equal to a limit of detection and values 

that are ~T a limit of detection. In this instance. Cohen's Method. 

which is referenced in Chapter Four. may be appropriate. Cohen's Method 

assumes that the data are selected from a normally distributed population 

and only requires calculation of the mean and variance of the values 
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Month 

1 

3 

!AEU: 1 
A ~!STING OF !HE TOTAL ORGANIC CARBON (TOC) AND TOTA~ 

HALOGENATED ORGANIC (!OX) BAC".c\G'ROUND 'JATA FROM FCUR 

UPGRADIEN'I' WELLS SAMPLED BIMON'I'HLY FOR A YEAR 

Well Replicate 
:'CC rex 

(ppm) (ppb) 

1 A 60.3 <10.0 
B 60.9 <10.0 
c 61.2 <10.0 
D 60.7 <10.0 

A 58.3 15.2 
B 58.2 13.4 
c 58.0 18.0 
D 58.4 <10.0 

3 A 61.4 2.2.0 
B 61.5 16.2. 
c 61.4 16.3 
D 61.0 15.9 

4 A 64.2. 13.0 
B 64.0 13.9 
c 63.2 13.7 
D 63.3 13.8 

1 A 63.2 11.0 
B 63.2 12. 2. 
c 63.4 <10.0 
D 64.0 <10.0 

A 59.9 12.4 
B 60.1 13.3 
c 59.7 16.6 
D 59.7 11.9 

3 A 61.4 18.4 
B 61.8 17.0 
c 61.3 19.2 
0 62.0 19.9 

4 A 65.7 13.8 
B 66.1 13.9 
c 65.8 13.0 
0 65.9 13.2 

(Continued) 
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:'ABLE l (Con~inued) 

A LISTING OF THE :'OTAL ORGANIC CARBON <TOC) AND TO:'~L 

HALOGENATED ORGANIC (!OX) BACKGROUND DATA FROM FOu~ 
UPGRADIEN'l' WELLS SAMPLED BIMONTHLY FOR A T='J.R . 

Month Well Replicate !OC TOX 
(ppm) (l?pb) 

5 1 A 70.2 1:..3 
B 7:.3 12. J 
c 69.9 <10. ·J 
0 69."8 <10.0 

2 A 62.0 14.3 
B 62.7 20.0 
c 62.0 13.6 
0 62.2 14.2 

A 63.8 21.2 
B 62.0 20.3 
c 63.2 2:.3 
D 63.4 20.3 

4 A 65.5 <10.0 
B 65.5 <10.0 
c 65.4 14.0 
0 65.0 14.1 

7 1 A 69.2 <10.0 
B 68.4 <10.0 
c 68.8 <10.0 
0 69.0 12.0 

2 A 59.7 16.0 
B 59.2 17.0 
c 59.1 17.0 
0 60.0 21.0 

3 A 61.2 18.9 
B 61.1 17.7 
c 61.5 18.2 
0 6l.7 17.0 

4 A 64.0 <10.0 
B 64.1 <10.0 
c 64.3 13.7 
D 64.6 13.3 

(Continued) 
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Month 

9 

ll 
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TABLE 1 (Continued) 
'A LISTING OF 1'HE TCTAL·CRGANIC C'AREON (':CC) 'AND T'JTAL 

HALCGEN1>.TED ORGANIC (!OX) B1>.CKGROUND DATA FROM FOUR . 
UPGRADIEN'I' WELLS ~AMPLED BIMONTHLY FOR A YEAR 

Well Replicate 
TCC !OX 

(ppm) (ppb) 

1 A. 66.7 12.2 
B 55.9 <10.8 
c 56.2 12.0 
D 66.2 12.7 

A. 57.7 15.7 
B 57.9 14.9 
c 57.8 15.2 
D 57.7 13.7 

3 A. 61.0 19.9 
B 60.5 15.4: 
c 60.2 14.8 
D 60.5 16.3 

4 A 63.3 <10.0 
B 63.7 12.3 
c 63.4 13.8 
0 63.5 12.4 

1 'A 62.9 <10.0 
B 62..8 <10.0 
c 62.4 13.3 
0 62..0 13.8 

'A 58.2. 14.7 
B 58.3 U.6 
c 58.1 14.3 
0 58.3 14.6 

3 'A 60.7 2.1.7 
B 60.0 21.4 
c 60.4 2.1.5 
0 60.4 21.5 

4 'A 61.6 13.8 
B 61.6 12.0 
c 61.9 12.3 
0 62.0 12.2 
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TABU: 2 
AN EX»!PU: OF TOX AND TCC DATA COLLECTED DURING A. SEMIANNUAL 

MONITORING EPISODE AFTER THE FIRST YEAR OF BACKGROUND ~CNI:'ORING 

Well t.ocation Replicate 
TCC !OX 

(ppm) (ppb) 

1 TJpqradient A 7l. 7 ll. 4: 
E 72.3 15.3 
c 70.9 11.2 
D 72.4 12.3 

TJpgradient A 62.9 24.7 
B 64.7 23.8 
c 63.0 21.4: 
D 63.2 27.8 

3 TJpqradient A. 62.9 19.4 
B 64.2 18.6 
c 63.5 19.2 
0 63.4 19.0 

4 TJpqradient A 64.8 <10.0 
B 64.3 <10.0 
c 64.8 <10.0 
D 64.8 ll.2 

5 Cowngradien~ A 69.3 18.2 
B 68.4 18.3 
c 67.9 18.1 
D 68.5 18.1 

6 Cowngradien~ A 76.4 12.4 
B 75.9 12.7 
c 75.8 12.3 
D 75.8 12.1 

7 Cowngradient A 70.1 17.3 
B 70.1 12.4 
c 70.2 19.8 
c 64.2 15.4 

a Cowngradient A 89.4 29.4 
B 88.6 29.2 
c 88.7 29.2 
D 33'. 4 :-t.: 

(Con~inued) 
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!ABLE 2 (Continued) 

AN EXAMPLE OF TOX AND TCC DATA COLLECTED DURING A SEMIANNUAL 

MONITORING EPISODE AFTER !'HE FIRST 'lEAR OF 3AC.<GROUND MONI!CRING 

Well Location Replicate 
TCC TOX 

(ppm) (ppb) 

9 Downqradient A 59.7 16.2 
3 60.1 16.-t 
c 60.1 16.2 
D 58.3 16.1 

10 Downqradient A 62.1 23.4 
3 62.3 27.2 
c 62.0 18.1 
D 62.2 22.7 

3-7 

---. ---· --· ----···· ··---···--------·~ --·--- ----------------------- --· ·-- -------------



TABLE 3 
METHODS FOR ~JLA!ING S~~y ST~!ISTICS 

DESCRIBING THE REPLICATE MEASUREMENTS 

The background and monitoring well averages resulting from the 
methodology described below become the data values that are used 
in the averaged replicate t-test. 

Average of the Reolicates 

Where: :<b .. k .lJ = Concentration 
well, the jth 
measurement. 
k = l to Pb 

measurement from the ith background 
sampling per1od. and the kth replicate 
Where i = l to nb, j = l to ob, and 

Variance Among the Reolicates 

- 2 
(X. .. k - x_ .. ) /(pb-l) -C,lJ -C.lJ 

Coefficient of Variation Among the Reclicates 

MONITORING WELLS 

Average of the Reolicates 

X . = m.1 

Where: 

Pm 
r x .k/p 

k=l m.1 m 

~;ik = ~ quarterly concentration measurement from the ith 
monitoring well and the kth replicate measurement. 
Where i = l to ~ and k = l to Pm· 

(Continued) 
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!ABLE 3 (Continued) 
Methods for calculating Summa~/ Statistics 

Describing the Replicate Measurements. 

Variance Among the Reolicates 

2 
s . = m.1 

- 2 
(X .,_-X . ) /(p -1) 
m.1~ m.1 m 

Coefficient of Variation Among the Reo1icates 

CV . = ( s . IX . ) • 100 
:n.1 m.l m.1 

-- ------- -·-. -------·-·- - --· ·o--·· ~· .....,._....;--- ··.--.-



greater than or equal to the detec~ion limit and the proport•on of 7alues 

~I the detection limit. Cohen's methodolo~/ in the context of the 

averaged replicate t-test as ap~lied to RCRA interlm s~atus facili:ies is 

described in Table 4, and the parameter es~i~tes required to complete 

the calculations are included in Iable 5. 

Examples of averaging the replicate measurements under the three 

scenarios described above are presen~ed in !able 6. These me~hods apply 

regardless of how many replicate measurements are available. If no 

replicate measurements were taken, there is no need for prepara~o~J 

averaging, and the single measured value from ~he well is used in the 

analysis. 

2.2.2 Additional Summary Statistics Describing the Replicate 
Measurements 

It is also advisable to evaluate the variance and standard deviation 

among the replicate measurements. Although ~his component of variability 

is not consldered in the averaged replicate tes~. it does provide an 

indication of the consistency of the replicate measurements and therefore 

a notion of how the owner/operator's sampling and laboratory protocols 

(depending on when and how the samples are split and collected) are 

performing. Another. more in~erpretable. measure of variability is the 

coefficient of var1ation. The coefficient expresses the standard 

deviation in terms of a percent of the mean. ~rge coefficients of 

variation are generally unacceptable and sugges~ poor laboratory quality 

con~rol. Table 3 describes ~he methodology for calculating the variance 

and coefficient of variation among the replicate measurements. Tables 7 

and 8 display the summary z~atistics which describe the replicate 

measurements.taken during the background charac~eri:ation period for TOC 

and !OX, respectively. Table 9 includes the summary statistics 

describing the replicate measurements taken during the first monitoring 

period. 

3-:o 
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TABU: 4 
A METHOOOLCGY FOR o.LCULAIING !HE MEAN AND VARIANCE 

OF THE :REPLICATE ~UREMENTS WHEN SOME OF THE :REPLICATE 
MEASUREMENTS ARE LESS THAN A LIMIT OF DETECTION 

' 
The mean and variance of the values greater than or equal to the 
limit of detection must be calculated using the methodology described 
in Table 3. An example application of this methodology is presented 
in Table 6 as Case 3. 

BACKGROUND 

Estimate Tb .. as follows: 
,lJ 

Tb .. ,lJ 

Where: 

2' _, 2 = sb . . I (X.. . . - DL. . . ) .lJ -O,lJ -b,lJ 

= Mean of the measurements above or equal to the 
limit of detection from the ith background well 
sampled on the jth sampling period. This mean is 
computed as follows: 

0tc.ij = 

_, 
~.ij = 

p' b 

~ 
k=l 

Where: x.;,ijk = Measurements above or equal to the 
limit of detection 

P ' = Number of measurements above or 
b equal to the limit of detection 

Variance of the measurements above the limit of 
detection from the ith background well sampled on 
the jth sampling period. This variance is computed 
as follows: 

p' 
b 

2' = & sb .. • lJ k=l 
(X..' . . k - x_' . . ) 2 I ( pb' - l ) -O,lJ -O,lJ 

Detection limit for measurements from the ith 
background well sampled on the jth sampling period. 

(Continued) 
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!ABLE 4 (Continued) 
A ME'!HODOLC<rl FOR CALCULATING !HE MEAN AND VARIANCE 

OF !HE REPLICATE MVSJREMEN'I'S WHEN SOME OF !HE REPLICATE 
MEASUREMDJ'I'S ARE r.ESS nWJ A LIMIT OF DETECTION 

Obtain values for ~ .. and ~ .. as follows: 
·c,1, o,l.J 

hb .. ,l] = Propor~ion of the replicate measurements below the limit 
of detection at well ion sampling per1od j. 

\b,ij =A parameter estimate obtained from entering Table S with 

rb,ij and hb,ij· 

Reolicate mean and 'J'ariance estimates considering: the LT detection 
limit values: 

_, _, 
X. = ~.ij - ~. -<~ .. - Dtc .. ) 
o.ij ,l] .l] ,l] 

2 sb .. 
,l] 

= sb2 • . . + A. . . (X. . . - DL. . . ) 2 
. ,l.J o.lJ ·c.lJ ~.lJ 

MONITORING WELL 
Estimate 'I . as follows: 

m, 1 

'! . = s2' ./(X, . - 01:: . )2 
m,1 m.l m,1 m.1 

Where: -
v = •-m, i Mean of the measurements above or equal to the 

limit of detection from the ith monitoring well. 
!his mean is computed as follows: 

_, 
X . = m.l 

Where: 

p' m 

z 
k=l 

x· . lp' 
m,l.k m 

X' = m,ik Measurements above or equal to the 
limit of detection 

p' = Number of measurements above or 
m equal to the limit of detection 

(Continued) 
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:ABLE 4 (Continued} 
A. ME'I'HODOLCGY FOR :ALCULA.IING THE MEMl A.ND VARIANCE 

OF THE REPLICATE MEA.Sti"REMEN'I'S WHEN SOME OF THE REPLICATE 
MEASUREMENTS ARE :ZSS !HAN A. !..!MI'I' OF DETECTION 

2' 
s . = m,l. 

. 

Variance of the measurements above the limit of 
detection :~om the ith monitoring well. This variance 
is compu~ed as follows: 

2' 
s . = m,l. 

o' 
·:n 

k=l 
(X' 0 - i' 0 l 2

/(p' - l) 
m.l.k m,l. :n 

Dt. 0 

m.l. 
= Detection limit for measuremen~s from the ith 

monitoring well. 

Obtain values for h 0 and \ 0 as follows: 
m,1 m.l. 

~ 0 = Proportion of the reo.licate measurements below the 
•om • l. 

the limit of detection at well i. 

Am.i = A. parameter estimace obtained from '!able 5 using 

Im.i and hm.i· 

Reolicate mean and variance estimates, considerina the !..! detection 
limit values: 

-· _, 
X = X m. i - A 0 (X . - :Jt. 0 ) 

:n. i m,l. m.l m, l. 

s2 2' 
_, 

DL 0 )2 = s 0 + A 0 (X . -m. i m.J. m,l. m • .1 m. l. 
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T 

.00 

.OS 

.10 

.15 

.20 

.25 

.30 

.35 
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.45 

.50 
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.60 

.65 

.70 

.75 

.80 

.85 

.90 

.95 
1.00 

!ABU: 5 
VALUES OF 'A FOR ESTIMATING !HE MEAN AND VAAIANCE 
OF A NORMAL DISTRIBUTION WHEN LESS !HAN DETECTION 

LIMIT VM.UES ARE PRESENT 

h 

.01 .10 .20 .25 .30 

.010100 .11020 .24268 .31862 .4021 

.010551 .11431 .25033 .32793 .4130 

.010950 011804 .25741 .33662 .4233 

. Oll310 .12148 .26405 .34480 .4330 

.011642 .12469 .270.31 .35255 .4422 

. Oll952 .12772 .27626 .35993 .4510 

. 012243 .13059 .28193 .36700 .4595 

.012520 .13333 .28737 .37379 .4676 

.012784 .1.3595 .29260 .28033 .4755 

.013036 .13847 .29765 .38665 .4831 

.013279 .14090 .30253 .39276 .4904 

.013513 .14325 .30725 .39870 .4978 

.013739 .14552 . 3ll84 .40447 .5045 

.013958 .14773 .31630 .41008 .Sll4 

.014171 .14987 .32065 .41555 .5180 

.014.378 .15196 . .32489 .42090 .5245 

.014579 .15400 .32903 .42612 .5308 

.014775 .15599 .33307 .43122 .5370 

.014967 .15793 .33703 . 4.3622 .5430 

.015154 .15983 .34091 .44112 .5490 

.015338 .16170 .34471 .44592 .5548 

(Continued) 
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.40 

.5961 

.6101 

.6234 

.6361 

.6483 

.6600 

.6713 

. 69Zl 

.6927 

.7029 

. 7129 

.7225 
.7320 
. 7412 
.7502 
.7590 
.7676 
.7761 
.7844 
.7925 
.8005 



T 

.00 

.OS 

.10 

.15 

.20 

.25 

.30 

.35 

.40 

.45 

.so 

.55 

.60 

.65 

.70 

.75 

.so 

.85 

.90 
1.00 

!~L~ 5 (Continued) 
VALUES OF A FOR EST:~IING IHE MEAN AND VARIANCE 
OF A NORMAL DISTRIEUT!ON WHEN LESS !HAN DETECTION 

LIMIT VALUES ARE PRESENT 

h 

.so .60 .70 .80 

.8368 1.145 l.56l 2.176 

.8540 l.166 1.585 2.203 

.8703 1.185 1.608 2.229 

.8860 1.204 1.630 2.255 

.9012 l.222 1.651 2.280 

.9158 l.240 l.672 2.305 

.9300 l.257 l.693 2.329 

.9437 1.274 l. 7l3 2.353 

.9570 l.290 l. 732 2.376 

.9700 l.306 l. 751 -· 2.399 

.9826 l.321 l. 770 2.421 

.9950 l.337 l. 788 2.443 
1.007 1.351 1.806 2.475 
l.Ol9 l. 366 l.825 2.486 
1.030 l.380 1.841 2.507 
1.042 l.394 1.858 2.528 
l.053 l. -t08 1.875 2.548 
1.064 1.~22 l.892 2.568 
l.074 1.~35 l. 908 2.588 
1.095 1.461 1.940 2.626 

-·- -

From: A Clifford Cohen (1961), !echnometrics 3:538 
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.90 

3.283 
3.314 
3.345 
3.376 
3.405 
3.435 
3.464 
3.492 
3.520 
3.547 
3.575 
3.601 
3.628 
3.654 
3.679 
3.705 
3.730 
3.754 
3. 779 
3.827 
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TABU: 6 
EXAMPLE CALCULATIONS WHICH ILLUSTRATE HOW TO EST!MAIE 

1'HE REPLIO.'l'E ~ VERAGE :;."HEN: ( l ) ~ :HE V~W..S ARE LESS !'HAN 

~ LIMIT OF DETECTION. (2) ~ VALUES ARE GREATER THAN ~ LIMI: 

CASE l: 

CASE 2: 

OF DETECTION. ~ (3) ''l'HE VALUES CONSIST CF ~ MIXTURE 
OF V~UES ABOVE, EQU~. AND BELCW ~ LIMIT CF DETECTION 

~ll V'alues 

~ll V'alues 

are less than a limit of detection 

January. iiell No. l 

Reclicate TOX ( pcb) 

~ <10.0 
B <10.0 
c <10.0 
D <10.0 

The replicate aV'eraqe is <10.0 

are ~reater than the limit of detection 

March, Well No. 4 

Reclicate 

~ 

B 
c 
D 

~.ij 

pb 

= z ~ . "k1Pb k::l ,lJ 

TOX (pcm) 

. 65.7 
66.1 
65.8 
65.9 

= <65.7 + 66.1 ~ 65.8 + 65.9)/4 
= 65.88 

CASE 3: Ihe V'alues consist of a mixture of values aboV'e, equal and 
below a limit of detection 

January, ~liell No. 2 

Reclicate 

~ 

B 
c 
D 

(Continued) 
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!ABLE 6 (Continued) 
~LE CALCULATIONS w~ICH ILLUS~RATE HOW !0 ESTIMATE 

!HE REPLICATE A~GE ;.ffiEN: ( 1) ALL mE V~UE~ ARE LESS THAN 
A LIMIT OF DETECTION. (2) ALL V~UES ARE GREATER !HAN.A LIMIT 

OF DETECTION. AND (3) •!HE V~UES CONSIST OF A MIXTURE 
OF V~UES ABOVE AND BELOW A LIMIT OF DETEC~ION 

Mean of the values greater than or equal to a limit of detection 

_, p' 
b 

~.ij = r x..; .. kip: 
k=l .lJ 0 

= (15.2 + 13.4 + 18.0)/3 

= 15.53 

Variance of the values grea~er than or equal to a limit of detec~ion 

Proportion of 

2' = s,_ .. 
..~.~.lJ 

= ((~5.2- 15.53)2 + ••• + 

(18.0 - 15.53) 21(3-1) 

= 5.373 

values LT the limit of detection 

hb ; . ··J = 1/4 = 0.25 

Detection limit 

DLb · · .lJ = 10 

Estimate of Tb .. • lJ 

Tb .. = 2' -· - Dtc .. )2 sb .. /(~ .. .lJ .lJ ,lJ ,lJ 

= 5.373/(15.53 - 10)2 

= 0.178 

(Continued) 
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TABLE 6 (Continued) 
~LE CALC!.JLAIIONS WHICH ILLUSTRATE HOW TO ESII~..ATE 

mE REPt.IaiE ~VERAGE WHEN: ( l) ~ mE VALUES ARE LESS THAN 
~ t.IMIT OF DETECTION. (2) ~VALUES ARE GREATER THAN A t.!~IT 

OF DETECTION, AND (3)'!HE VALUES CONSIST OF A MIXTJRE 
OF VALUES ABOVE AND BELOW A t.:MIT OF DETECTION 

The value of Ab,ij interpolated using Table 5 is 0.3495. 

The mean, considering the less-than-detection limit values. is: 

_, _, 

Xb.ij = Xb.ij - gb.ij <Xb.ij - 0~.ij> 

= 15.53 - .3495(15.33 - 10) 

= 13.60 
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Well 

1 

2 

3 

4 

:'ABLE 7 
SUMMARY STATISTICS DESCRIBING THE REPLI~IE MEAS~r.s 

OF TCC (ppm) ~'I' WERE TAKEN DURING THE ESTABLISHMENT 
OF BAO<GROUND CONCENTRATIONS 

Month N 
Prop Mean Variance Std. Dev. 
<DL 

1 4 0 60.78 0.14 0.38 
3 4 0 63.45 0.14 0.38 
5 4 0 70.43 0.87 0.93 
7 4 0 68.85 0.12 0.34 
9 4 0 66.25 0 .ll 0.33 

ll 4 0 62.53 0.17 0.41 

1 4 0 58.23 0.03 0.17 
3 4 0 59.85 0.04 0.19 
5 4 0 62.23 0 .ll 0.33 
7 4 0 59.50 0.18 0.42 
9 4 0 57.78 0.01 0.10 
ll 4 0 58.23 0.01 0.10 

1 4 0 61.33 0.05 0.22 
3 4 0 61.63 0.11 0.33 
s 4 0 63.10 0.60 0.78 
7 4 0 61.38 0.08 0.28 
9 4 0 60.55 0.11 0.33 

ll 4 0 60.38 0.08 0.29 

1 4 0 63.68 0.25 0.50 
3 4 0 65.88 0.03 0.17 
s 4 0 65.35 0.06 0.24 
7 4 0 64.25 0.07 0.27 
9 4 0 63.48 0.03 0.17 
ll 4 0 61.78 0.04 0.21 
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c.v. 

0.62 
0.60 
1.32 
0.50 
0.50 
0.66 

0.29 
0 . .32 
0.53 
0. il 
0.17 
0.16 

0.36 
0.54 
1.23 
0.45 
0.55 
0.48 

0.78 
0.26 
0.36 
0.41 
0.27 
0.33 

---·-- ---·-·---·-------
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4 

!'ABLE 8 
SlM9.RY S'!>.IIS'!ICS OESC2IBING IHE REP!.ICAIE MEASUREMEN'!S 

OF '!OX ( ppb) THAT WERE '!~ DURING IHE ES'!AB!.ISHMEN'I' 
OF BACKGROUND CONCENTRATIONS 

Mont:h N 
Prop Mean Vanance Std. Oev. 
<O!. 

l* 0 l.OO <lO.O 
3** 2 0.50 10.12 3.09 l. 76 
5** 2 0.50 10.30 3.05 l. 75 
7** l 0.75 8.26 4.00 2.00 
9** 3 0.25 11.55 1.85 l.36 

ll** 2 0.50 10.58 10.89 3.30 

l** 3 0.25 13.58 15.95 3.99 
3 4 0 13.55 4.47 2.11 
5 4 0 15.53 8.00 3.00 
7 4 0 17.75 4.92 2.22 
9 4 0 14.88 a. n 0.85 
ll 4 0 14.55 0.03 0.17 

l 4 0 17.60 8.63 2.94 
3 4 0 18.63 1.55 1.25 
5 4 0 2l.l5 0.22 0.47 
7 4 0 17.95 0..64 0.80 
9 4 0 16.60 5.22 2.29 

1l 4 0 2l.53 0.02 0.13 

1 4 0 13.60 0.17 0.41 

3 4 0 13.48 0.20 0.44 
5** 2 0.50 10.66 13.73 3.71 
7** 2 0.50 10.56 10.37 3.22 
9** 3 0.25 ll.SS 3.38 1.84 
ll 4 0 12.58 0.68 0.83 

*All values were !.I the limit of detection. 
**Cohen's method was used to calculate the summary statistics. 
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c.v. 

17.37 
16.99 
24.21 
ll. 78 
31.19 

29.40 
15.57 
19.32 
12.49 
5. 71 
l.l9 

16.70 
6.68 
2.23 
4.47 

13.76 
0.59 

3.00 
3.28 

34.76 
30.49 
15.48 

6.57 



Well 
t.oca~ion 

1/Up 

2/Up 

3/Up 

4/Up 

5/Down 

6/Down 

7/Down 

8/Down 

9/Down 

10/Down 

CSWER-9950.: 

TABLE 9 
SUMMARY STATISTICS DESCRIBING THE REPLICATE MEAS~~ITS 

TAKEN DURING THE FIRST MONITORING ?ERIOD FOLLOWING 
THE ESTABL!SHMEN'l' OF BACKGROUND 

Chemical 
N 

Pr-op Mean Variance Std. Dev. 
Parameeer <DL 

TOX (ppb) 4 0 12.68 3.75 1.89 
TCC (ppm> 4 0 71.83 0.48 0.69 

TOX 4 0 24.43 1.00 2.65 
TCC 4 0 63.45 a. 7l 0.84 

'l'OX 4 0 19.05 0.12 0.34 
TCC 4 0 63.50 0.29 0.54 

TOX- 4 0 8.96 2.69 1.64 
TCC 4 0 64.68 0.06 0.25 

TOX 4 0 18.18 0.10 O.Ol 
TOC 4 0 68.53 0.58 0.34 

TOX 4 0 12.38 0.06 0.25 
IOC 4 0 75.98 0.08 0.29 

'l'OX 4 0 16.23 9.75 3.12 
TOC 4 0 68.65 8.80 2.97 

TOX 4 0 28.08 5.69 2.39 
TOC 4 0 88.78 0.19 0.44 

TOX 4 0 16.23 0.02 0.13 
TOC 4 0 59.55 0.73 0.85 

TOX 4 0 22.85 13.94 3.73 
TCC 4 0 62.15 0.02 0.13 
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14.91 
0.96 

10.33 
1.33 

:.. 79 
0.34 

0.18 
0.39 

0.53 
0.35 

2.02 
0.38 

19.24 
4.32 

8.50 
0.49 

0.78 
0.35 

16.34 
0.21 

--------



:.2.3 !~ansforma~ion of pH Measu~emen~s ~o Hydrogen Ion 
Concentration 

!t may also be valuable in the case of inte~im status detection 

monitoring parameters to conside~ transformation of the pH scale to 

hydrogen ion concentration. !his methodology is explained in !able 10. 

The hydrogen ion concentration scale can be used for statistical 

compa~isons ~ather than pH scale measurements. 

2.3 Data Summary 

One of the most impo~tant initial steps is to ~eview and evalua~e 

the ground-water data using summary statistics. tables. data plots, and 

maps. !he background data should be conside~ed collectively and on a 

well-by-well basis. Also. it is informative to consider whether the~e 

are seasonal influences on the concentration measurements from particular 

wells. 

Most statistical software packages offe~ p~ocedures that provide 

univariate summary statistics of data and subsets of data. !able ll is 

an example of output that describes the background !OC and !OX averaged 

replicate data. These are quite informative with respect to the mean 

background concentration. the variability of the background concen~ra~ion. 

percentile estimates. the presence of outliers. and the distributional 

shape of the concentration measurements. Chapter Six also discusses the 

use of summary statistics. 

Another informative display of data involves plotting replicate 

average concentrations over time. !his permits a visual comparison among 

the upgradient wells and indicates whether there appear to be seasonal or 

unusual. extreme events. Figures lA and 2B are plots of the averaged 

replicate !OC and !OX data measured in the upqradient wells during the 

year of background characterization. 
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'!ABU: 10 
ME'l'HODOLCGY FOR 'I'RANSFO!(MING '!HE pH ~S '!0 

HYDROGEN ION CONCEN'!RA!ICNS 

'!he oH is eaua1 to the neaative base ten loaarithm of the hvdroaen 
ion concentration: 

pH= -loq10 iH3o+! 

Where: IH3o+j = moles/liter of H3o+ 

'!he hvdrogen ion concent~ation is therefore eaual to: 
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'l'ABU: ll 
A SUMMARY DESCRI P'I'I CN OF THE !CC (ppm ) AND 'l'OX ( ppb ) AVERAGED 

REPt.IO.'!E DATA COu.ECTED FROM THE UPGRAD!ENT ~....:.s 

DURING THE BACKGROUND CHARACT~~!ZATION PER!CD 
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3.0 SEASONAL !RENDS 

3.1 Characterization of Seasonality 

During the analysis of interim status detection monitoring data, it 

is important to consider seasonal trends in concentration. !he presence 

of time or seasonal effects introduces a factor that may obscure the 

presence of, or falsely indicate, leakage from the hazardous waste unit. 

!his is because there are times of the year when concentrations are 

normally higher or lower than the average. In such a situation, if a 

downgradient well is sampled during a period when concentrations are 

high, the statistical test may suggest the presence of contamination when 

actually the high values are ~~e result of normal seasonal concentration 

increase. 

rn order to evaluate whether seasonal influences are reflected in 

the ground-water concentration measurements, one should plot the data 

plotted over time. Figures lA and lB indicate that the TOC data for all 

wells in the system appear to increase during mid-year and decrease 

during the winter. In contrast, the Tax data reveal no clear seasonal 

trends. 

3.2 Methods for Reducina the ~dverse Effects of Seasonallv 
Influenced Data 

Two methods are available for considering seasonal fluctuations in 

interim status ground-water monitoring data. The first method can be 

applied when one year of background data are used in the analysis and 

simply calls for the seasonal effect to be included in the variance 

estimate used for the averaged replicate t-test. Essentially, this 

method includes the additional variability caused by seasonality in the 

t-test error term. As a result, comparisons of monitoring well data with 

the background data will net lead to inaccurate contamination assessments 

because the seasonal variability will have been accounted for in the 

~rror term. Under this method, the difference between the upgradient and 

downgradient m~an must e:~ceed -:he differences expec<:ed by seasonal =hange 

ln order to indicate contamlnation. 
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!he other method uses a seasonal correction mechodology. Under this 

approach. the background and monitoring data are corrected to reduce the 

tendency for the data values to,become seasonally large or small. buc 

retain their original error structure. !his method requires that the 

upgradient wells have been monitored for more than one year (Chapter Five 

discusses the situations and considerations that may lead to a 

modification of the background data set). 

!he seasonal correction is performed separately for each well and 

chemical parameter. !able 12 presents an example application of the 

seasonal correction methodology. First. monthly averages of the average 

replicate values are calculated by averaging across years for each 

month. !hen. an overall average is calculated for all the averaged 

replicate values across all years and months. Finally, the adjusted 

means are calculated by taking an averaged replicate value then 

subtracting the monthly mean and adding the overall background mean. 

!he data from subsequent monitoring events must also be correc~ed if 

seasonally adjusted data have been used to establish the background 

statistics. The monitoring data are corrected in a similar fashion by 

subtracting the monthly averages from the background data and then adding 

the overall average from the background data to the averaged replicate 

monitoring data values. 

Several problems may arise in the use of seasonal correction. r£ 

monitoring data were collected on an even month. say April (4). then. 

because the background data are only available for odd numbered months. 

the monthly averages from the two adjacent months (March and May) could 

be averaged to estimate a monthly average for correcting the April 

monitoring event. 

Finally. after the background data have been corrected. it is useful 

to replot the data for summary and review purposes. 
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!ABU: 12 
AN ILLUSTRATION OF HOW '!0 PERFORM A SIMPLE SEASCNM. CORREC'!':CN 

USING '!CC (ppm) CA'!A FROM MONITORING ioTELL NO. 1 

!he seasonal correction can only be performed if more than one year of 
backqround data are available. Consult Chapter Five for when and how to 
update background data. 

Averaged Reolicate Values Adjusted ~eans*** 
Month 1982 1983 1984* 

Monthly Means** 1982 1983 

l 60.78 58.23 61.33 60.11 66.59 64.04 

3 63.45 69.85 61.47 64.92 64.45 71.30 

5 70.43 82.23 79.10 77.25 59.10 70.90 

7 68.85 79.41 69.27 72.51 62.26 72.82 

9 66.25 54.78 60.41 60.48 71.69 60.22 

ll 62.53 58.13 60.00 60.22 68.23 63.83 

Overall Background Mean Xb,i = 65.92 

-The data from 1983 and 1984 have not been discussed elsewhere in Appendix B. 
These are included because the seasonal correction methodology requires more 
than one year of data. 

**Monthly means are calculated by averaqinq for a particular month all of the 
measurements taken during the month over the prior monitorinq. 

***The adjusted means are calculated by takinq an averaqed replicate value then 
subtracting the monthly mean and addinq the overall backqround mean. For 
example. the adjusted monthly mean for May 1983 was calculated as follows: 

82.23- 77.25 + 65.92 = 70.90 
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65.85 

65.70 



4.0 GOODNESS-oF-FIT 

Before applying the t-test to the data. it is also impor~anc for 

owner/operators to evaluate whether their replicace average daca have 

been sampled from a normally distributed population of concen~ration 

measurements. Many background data sets will be too small to reasonably 

evaluate with respect to distributional shape; for example. a single-well 

upgradient system sampled quar~erly only yields four replicate average 

values. 

4.1 Graphical Methods 

One simple method for evaluating data distributions is to plot the 

data on a normal probability plot and overlay a plot of the data expected 

from a normal distribution that has the same mean and variance as the 

data. If the sampling data de~iate substantially from the data expected 

from a normal distribution. then the data may not have been sampled from 

a normal distribution. !he methodology for developing normal probability 

plots is well documented (e.g., Neter and Wasserman, 1974; and Shapiro. 

1980) and will not be described. 

Figures ZA and ZB are normal probability plots of the replicace 

averages of the !OC and !OX data. respectively. In these instances. the 

data approx~mate a reasonably normal distribution. !he replicate 

averages, because of a fundamental statistical principle referred to as 

the central limit theorem, will tend to approach a normal distribution. 

However, in some instances, the normal distribution will not be 

appropriate and lognormal estimates of the mean and variance may be 

useful. Aithchison and Brown (1957) present methodologies for estimating 

lognormal distribution parameters. Enforcement officers should not, 

however, allow owner/operators to simply take the natural logarithms of 

their data prior to analysis because this will reduce the ability of the 

statistical procedure to detect contamination. 
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~.2 Hvoothesis !estina Methods 

Another set of metbods. that can be used to evalua~e the 

distributional shape of replicata averages uses statistical tests. Cne 

problem with statistical goodness-of-fit hypothesis testing is that few 

tests are useful with small sample sizes. !he benefit is that unlike the 

visual comparison of a line with data points. there is no subjec~ivi~7 

associated with a statistical goodness-of-fit hypothesis test. ~he null 

hypothesis that the data follow a normal dis~ribu~ion is either accep~ed 

or rejected. If the hypothesis is rejected. then the lognormal theo~J 

referenced above may be useful. 

One statistical goodness-of-fit test. which performs well on small 

sample sizes and tests the null hypothesis that the data values are 

random samples from a normal distribution against an unspecified 

alternative distribution. is the Shapiro-Wilk. W statistic (Shapiro and 

Wilk. 1965}. 

!he enforcement officer should respond to complaints regarding the 

non-normality of data by insisting that owner/operators evaluate. either 

graphically or via a statistical test. the goodness-of-fit of their data 

distributions. Enforcement officers should also understand that 

parametric methods such as the t-test are robust to departures from 

normality and that the outcome of the statistical evaluation is not 

altered by small deviations from normality. particularly when larger 

sample sizes are available (Harris. 1975}. Finally. interim status 

facilities are required by 40 CFR §265 to use a Student's t-test and 

therefore cannot use a nonparametric statistical procedure to circumvent 

the requirement for normally distributed data. · 

5.0 ANALYSIS OF MONITORING WELL DATA COLLECTED AFTER CHARACTERIZATION OF 
!HE BACCGROUND GROUND-wATER QUALITY 

After development of the background ground-water concentrations 

interim status. owner/operators must sample thelr entire well systems 
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semiannually. !he purpose is to determine whether any well in the 

monitoring system has concentracions that are larger than (or in the case 

of pH. different from) those est~blished during the characterization of 

the background water quality. 

Data collected during May 1983 from the four upgradient and six 

downgradient wells are presented in !able 2. !he data consist of four 

replicate measurements of !OC and !OX from each of the ten wells. !he 

replicate measurements are averaged prior to analysis using the 

methodology described earlier 1n Appendix B. !able 9 presents the 

averaged replicate monitoring data. 

6. 0 mE AVERAGED REPt.IO.tt !-!EST 

6.1 Calculation Methodology 

Once the replicates are averaged and summary statistics. which 

describe the background data. are developed. the calculation of the test 

statistic is straightforward. !able 13 describes the methodology for 

calculating the required input statistics and test statistics. !able 14 

presents example calculations that compare the backqround TOX data with 

data from downgradient Well 6. 

Observe that Cohen's method is also used in these calculations. 

This is because during background characteri:ation. all four replicates 

from Well l measured during the first month of monitoring were less than 

the limit of detection. Therefore. as described earlier. the replicate 

average was also <lO.O ppb of !OX. Cohen's method was needed to estimate 

the background summary statistics from the replicate average data. 

6.2 Control of the False Positive Rate 

!he test statistics from the calculations described in Table 13 are 

compared with critical values from the t-distribution that have been 

adjusted to control the overall false positive probability for the waste 
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!ABLE 13 
~ DESCRIPTION OF THE METHODOLOGY USED TO CALCJLA!E !HE 

TEST ST~TIS!IC FOR THE AVERAGED REPLICA:ED !-!EST 

The notation assumes that data were obtained from every upgradient 

well every time they were sampled during the background characteri­

zation period. ~lternative and more complicated methods which 

require estimating the contribution from several components of 

variance, fractional degree of freedom estima~es, and linear 

combinations of mean square estimates can also be used to provice 

unbiased estimates of the background variance. 

WITiiOU! LESS THAN DE'!EC'l'!CN LIMIT VALUES 

Backaround Mean 

"b 
z 

i=l 

Background Variance 

"b 
! 

i=l 

0 -
b 

! 
j=l 

WITH W:SS mAN DE'!EC'l'ION LIMIT VALUES 

Background Mean of ~ll Nondetection Limit Values 

-· "b 
! 

i=l 

_, 
X. . . ln. 
-0, l.J c 

Where: ~ = Number of averaged replicate values greater than or 

equal to the limit of detection in the background 
data set. 

-· X. = ---o, ij ~verage replicate values greater than or equal to 

the limit of detection in the background data set. 

(Continued) 
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~ABLE 13 (Continued) 
A DESCRIPTION OF !HE ME'l'HOOOLCGY USED 1'0 o.LC:JI..AIE THE 

!ESI STATISTIC FOR THE AVERAGED REPLICATED T-TEST 

Background Variance of All Nondetection Limit Values 

Cohen's Adjustment 

Tb = srI(~ - Dto>2 

~ = proportion of ..,a lues less than a limit of detection 

"\ = f::-om Table 5 based on 'J'alues of h. and '!" .... 
0 0 

Adjusted Background Mean 

- -· _, 
~ = =<c - "\ ( ~ - ere) 

Adjusted Backaround Variance 

AVERAGED REPLICATE TEST S!A!ISIIC 

- -
* 

X - X.. m.i -c 
tm.i = -------------------
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!ABLE 14 

E::X11MPU: ~CULA!!CUS OF '!'HE ME'l'HODOLCGY DESCR:EED IN !ABLE :.3 • 

WHICH COMPARE THE !OX ~VEAAGED REPLIO.'IE BACKGROUND DA'IA 
WI'IH 'I'HE !OX DA'!~ FROM DOWGAADIEN'I' io!UL 6 

Background Mean. Variance. and Standard Deviation of All Averaaed 
Replicates Above a Limit of Detec~ion 

_, 
xb = c1o.12 + 10.30 + ••· + 11.aa + 12.58>123 

= 14.2! 

2 I 2 2 
Sb: ((14.21-10.21) + ••• + (14.21 + 12.58) )/(23-1) 

= 13.22 

sb = ~ 13.22 = 3. 64 

Cohen's Adjustment 

!b = 14.21/(14.21 - 10.0)2 
= o. 746 

h0 .= 1/24 = o . 042 

Ab = 0.061 (From !able 5) 

Adjusted Background Mean. Variance and Standard Deviation of the Averaaed 
Replicates 

~ = 14.21 - 0.61(14.21 - 10.0) 

= 13.95 

2 13.22 + 0.61(14.21 - 10.0) 2 
sb = 

= 14.30 

sb=F=3.78 

(Continued) 
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':ABU: 14 

~U: o.t.CUI..AIIONS OF 1'HE ME'l'HOCOt.CG'I DESCRIBED IN !ABU: 13, 

WHIOi COMPARE !HE !OX A,VERAGEC REPt.ICA'IE E!ACKGROUNC DATA 

WITH 1'HE !OX CA'!A FROM OOWGlWJIEN'I WEI..=. 6 

!he Averaged Replicate Value from Monitoring Well No. 6 

X = (12.4 + 12.7 + 12.3 • 12.1)/4 
m, 6 

= 12.38 

!he Averaged Reclicate !est t-Statistic 

t:.6 = (12.38 - 13.95)/(3. 78 ~l+l/24) 
= - 0.407 
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management Wlit. 'l'he Elt'obabil.:.':y depends on the mon.:.-:or-ing e•1enr. ·..:.nde::­

evaluation and conside::s .that multiple downgradient wells are bei~; 

tested and that the concent:atio~s of four indicate:: paramete::s are bei~g 

measured. Critical values based on Bonfe::::oni t-statistics are used for­

each individual compa::ison to control the false positive ::ate at one 

percent for the entire facility. Miller (1981) discusses Bonferroni 

t-statistics and methods for estimating critical values. ~ables 15 

and 16 include tabulations of critical values (one and two tailed. 

respectively) to use for individual comparisons that control the overall 

facility false positive rate at one percent. 

6.3 Evaluation of ~~ethe:: ~he::e Is a Suggestion of Contamination 

'l'he test statistics (t*) calculated for each well using the 

methodology described in ~able :3 are presented in '!able 17. 'l'he test 

statistics are _compa::ed wl.th the Bonfe::roni critical test statistics 

(tc) using the following decision rules: 

• If specific conductivity, 'l'CC. or 'l'OX ar.e being evaluated and 
if t* is less than tc, then there is no statistical indication 
that the concentrations are higher in the well under comparison 
than in the background data. If t* is larger than tc then 
there is a statistical indication that the concentrations a::e 
higher in the well under investigation. 

• If pH is being evaluated and if lt*l (absolute value of t*) is 
less than tc· then there is no statistical indication that 
pH has changed. !f lt*l is larger than tc• then the::e is a 
statistical indication that pH has changed. If t* is negative. 
then pH increased; if t* is positive, then pH decreased ::elative 
to background. 

6.4 Evaluation of the Power and False Negative Rate 

The false negative rate and power for each chemical parameter can 

be evaluated after characteri:ation of the background ground-water 

quality. As described in Chapter Five, this is an important evaluation 

procedure because it allows evaluation of the false negative rate. that 

is. the probability that a differ-ence in mean concentration of a specified 
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Total No. 
of Wells 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

!ABU: 15 
ONE !AILED CRITICAL ( tc) Vi\LUES WHICH CON'!ROI:. !'HE 

OVERAU. SIGNIF!QJJCE u:vEt. A! ONE i?E:RC~ 

Ceqress of Freedom Associated with the 
~veraaed ReE1icate !est Statistic 

3 7 ll 15 19 23 27 31 

6.297 4.543 4.065 3.841 3. 7'!.2 3.628 3.568 3.524 

6.534 4.609 4.175 3.939 3.803 3. 714 3.651 3.604 

6.729 4.793 4.265 4.019 3.876 3.783 3. 718 3.669 

6.896 4.889 4.342 4.086 3.939 3.842 3.774 3. 724 

7.041 4.972 4.408 4.145 3.992 3.893 3.823 3.771 

7.169 5.045 4.466 4.196 3.039 3.937 3.865 3.812 

7.285 5.111 4.518 4.242 4.082 3.977 3.904 3.849 

7.390 5.171 4.566 4.283 4.120 4.013 3.938 3.882 

7.487 5.225 4.609 4.321 4.154 4.046 3.969 3.912 

7.576 5.276 4.648 4.356 4.186 4.076 3.998 3.940 

7.657 5.322 4.685 4.388 4.216 4.103 4.024 3.966 

7.736 5.366 4. 719 4.418 4.243 4.129 4.049 3.989 
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3.490 

3.569 

3.569 

3.388 

3.490 

3.569 

3.632 

3.685 

3.731 

3.771 

3.807 

3.839 



Total No. 
of Wells 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

l4 

15 

TABU: 16 
TWO TAILED CRITICAL. <tc> VALUES WHICH CONTROL rrlE 

OVERALL SIGNIFiCANCE t.EVE!. AT ONE PERCE:N'I' 

Ceqress of Freedom Associated with the 
Averaged ReElicate Test Statistic 

3 7 , , 15 19 23 27 , , ...... . ... 

7.041 4.972 4.408 4.145 3.992 3.893 3.823 3.771 

7.285 5.ll1 4.518 4. 242 4.154 4.046 3.969 3.912 

7.487 5.225 4.609 4.321 4.154 4.046 3.969 3.912 

7.659 5.322 4.685 4.388 4.216 4.103 4.024 3.966 

7.808 5.406 4.751 4.446 4.269 4.153 4.072 4.012 

7.941 5.481 4.810 4.496 4.315 4.197 4.ll4 4.052 

8.061 5.547 4.862 4.542 4.357 4.236 4.151 4.088 

8.169 5.608 4.909 4.583 4.394 4.27l 4.185 4.120 

8.269 5.663 4.952 4.621 4.429 4.304 4.215 4.150 

8.361 5. 7l4 4.992 4.655 4.460 4.333 4.244 4.177 

8.446 5.761 5.029 4.687 4.489 4.360 4.270 4.202 

8.525 5.805 5.063 4. 717 4.516 4.386 4.294 4.226 
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3. 731 

3.869 

3.869 

J. na 

3.965 

4.004 

4.039 

4.07l 

4.100 

4.126 

4.150 

4.173 

----



TABU: 17 
l'HE RESULTS OF 'IH::: AVERAGED REPLICATE !-!EST WHICH 

COMPARE BACKGROUND TCC AND !OX DATA WI'I'H 'I'HE DATA 

COLLECTED DURING :HE SUBSEQUENT MONITORING PERIOD 

This analysis assumes that pH and specific conductance we~e 
also monito~ed. 

Monito~inq 
'ICC (cern> !OX (EEb) 
- -

Well X xm- ~ t* X X m- ~ m m 

l 7l.a3 9.29 2.857 12.68 -1.27 

2 63.45 0.91 0.280 24.43 10.48 

3 63.50 0.96 0.295 19.05 5.10 

4 64.68 2.14 0.658 8.96 -4.99 

5 68.53 5.99 1.842 18.18 4.23 

6 75.98 13.44 4.133* 12.38 -1.57 

7 68.85 6.11 1.879 16.23 2.28 

a as. 78 26.24 8.070* 28.08 14.13 

9 59.55 -2.99 -o. no 16.23 2.28 

10 62.15 -o.39 -o.120 22.85 8.90 

tc(overall alpha=O.Ol. k=40. df=23) = 3.98 

- -
1'0X ~ = 13.95 ppb. !CC ~ = 62.54 ppm 

!OX s0 ,{l+1/24 = 3.858, 'ICC s0
,(1+1/24 = 3.252 

t* 

-0.329 

2. 716 

1.322 

-l. 293 

1.096 

-a. 407 

0.597 

3.663 

0.591 

2.307 

*The concentrations measured in the well are statistically larqer than 
the concentrations measured durinq the background eharacteri:ation 
period. 
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magnitude will not be detec:ed =: the sta:istica: ?rocedure. -~-. ..... e 

complement of the false negat~?e rate is the power of the statist~ca: 

test, which is the probability that the procedure will detec: a 

difference. 

A power and false positive evaluation should be perfo~ed at a 

concentration threshold which causes the test to indicate a statisti:ally 

significant difference and at several concentrations that are less :~~n 

the difference detected by the statistical test. !he reason for perfo~­

inq this analysis is that smaller differences between the background and 

downgradient data concentrat~ons than were detected by the statistical 

test may suggest contamination of the ground water by the unit being 

monitored. If the statisti:al ?rocedure is only able to detect large 

differences as being statistically significant, then more samples or 

alternative approaches may be necessary. 

!able 18 presents the results of such an analysis using the !OX and 

TCC data. Table 19 is a power table taken from Cohen (1969) that is 

required for the analysis. Table 18 indicates that the AR t-test as 

applied to these data performs well. Contamination would only be missed 

a large percentage of the time if the contamination resulted in only a 

l ppm for TCC or l ppb for TCX difference between upqradient and 

downgradient. 



TABU: 18 

A POWER AN~YSIS OF THE AVERAGED REPLICATE T-!ES~ CONDUC~ED ON THE 

toe AND !OX CA!A US:NG !HE'ME!HOCOLOGY CESCR!EED IN CO~I (1969) 

Constants Reauired for the Analvsis 

Difference Detected 
as Significant 

sb 11+1/2.4 • 
-

t =X -~ c m 

roe 3.2S2. • 3.977 = 12.93 

!OX 3.858 • 3. 977 = 15.34 

Standard 
Deviation 

3.186 

3.780 

Background 
Sample Sue 

n 

24 

24 

Power and False ~eaati·;e Rate Analvsis as a Function of the !-!ean 

Difference Between the Backaround Data and Data from a Monitoring Well 

~ -X 
~{2 = ID d False Negative 

Difference sb ~ Rate 

!oe (ppm) 12.. 93 5.74 >.995 <.COS 

tax <ppcl 15.34 5.74 >.99S <.005 

toe lO.O 5.56 >.99S <.COS 

!OX lO.O 4.30 >.99S <.COS 

toe 3.0 l.33 0.96 0.04 

l'OX 3.0 l.l2 0.86 0.14 

toe l.O 0.44 0.14 0.86 

!OX l.O 0.37 0.09 0.91 
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APPENDIX C 

OESCRI?'I'ICN OF SEL.EC':'::O GEOPHYSIOL ~ODS 
AND ORGANIC VAPOR ANALYSIS 



APPENDIX C 

SI:I..EC'l'ED GEOPHYSICAL ME"l'HODS AND ORQ.NIC Vlo.POR ~l..r..YSIS 

Ihis Appendix is a presentation of several investigative techr.iques 

capable of augmenting data gathered from boreholes and ground-water 

monitoring wells. Ihe five methods are: 

l. Ground Penetrating Radar (GPR) 

2. Electromagnetic Conductivity (EM) 

3. Resistivity 

4. Seismic Refraction/Reflection 

S. Organic Vapor/Soil Gas Analysis 

Ihe summaries of EM and resistivity focus en surficial and net 

borehole methods. Although surficial and borehole techniques operate 

under the same physical principles. the reader should be aware that 

surficial and borehole techniques have different characteristics. 

Surficial methods can be undertaken without regard to the number of 

location or boreholes therefore providing a great deal of flexibility 

to the investigation without disturbing the subsurface. Borehole EM and 

resistivity. however. offer a much higher degree of resolution at depth 

in the vicinity of a sinqle borehole or between two or more. 

the effectiveness of geophysical methods and organic vapor/soil 

_gas analysis increases if several techniques are used conjunctively. 

For instance. EM. resistivity and organic vapor analysis are highly 

correlative in the field where organic contamination exists. 

c-~ 
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GROUND I?ENE':RA'!:NG RADAR ( GPR l * 

Ground penetrating radar <GPR) uses high frequency radio waves to 

acquire subsurface information. ' From a small antenna which is moved 

slowly scross the surface of the ground. energy is radiated downward i~to 

the subsurface. then reflected back to the receiving antenna. where 

variations in the return signal are continuously recorded; this produces 

a continuous cross-sectional "picture" or profile of shallow subsur:ace 

conditions. These responses are caused by radar wave reflections from 

interfaces of materials having different electrical properties. Such 

reflections are often associated with natural geohydrolog1c conditions 

such as bedding, cementation. moisture and clay content. voids. fractures. 

and intrusions. as well as man-made objects. !he radar method has been 

used at numerous HWS to evaluate natural soil and rock conditions. as 

well as to detect buried wastes. 

Radar responds to changes in soil and rock conditions. An interface 

between two soil or rock layers having sufficiently different electrical 

properties will show up in the radar profile. Buried pipes and other 

discrete objects will also be detected. 

Depth of penetration is highly site-specific. being dependent upon 

the properties of the site's soil and rock. !he method is limited in 

depth by attenuation. primarily due to the higher electrical conductivity 

of subsurface materials. ~nerally, batter overall penetration is 

achieved in dry. sandy or rocky areas; poorer results are obtained in 

moist. clayey or conductive soils. However. many tiMs data can be 

obtained from a considerable depth in saturated materials. if the 

specific conductance of the pore fluid is sufficiently low. Radar 

penetration from one to tan meters is common. 

~PR has been called by various names: ground piercing radar. ground 
probing radar and subsurface impulse radar. It is also known as an 
~lectromagnetic method (wh1ch 1n fact it is); however. s1nce there are 
many other methods wh1ch are also electromagnet~c. the :erm GPR has ~ome 
into common use today. and w1ll be used nere1n. 



The continuous nacure of t~e radar method offe~s a number of 

advantages over some of the other geophysical methods. The continuous 

vertical profile produced by rac~r permits much more data to be gathered 

alonq a traverse, thereby provicing a substantial increase in detail. 

The high speed of data acquisition permits many lines to be ~ across a 

site, and in some cases, total site coverage is economically feasible. 

Reconnaissance work or coverage of large areas can be accomplished using 

a vehicle to tow the radar anter~ at speeds up to 8 KPH. Very high 

resolution work or work in areas where vehicles car~ot travel can be 

accomplished by towing the anter~ by hand at much slower speeds. 

Resolution ranges from centimeters to several meters depending upon t~e 

antenna (frequency) used. 

Initial in-field analysis of the data is permitted by the picture­

like quality of the radar resul:s. Despite its simple graphic forma:. 

there are many pitfalls in the ~e of radar, and experienced personnel 

are required for its operation and for the inte~retation of radar data. 

Radar has effectively mapped soil layers, depth of bedrock, buried 

stream channels, rock fractures, and cavities in natural settings. 

Radar applications co HWS assessments include: 

• Evaluation of the natural soil and geologic conditions. 

• Location and delineation of buried waste materials, including 

both bulk and drummed wastes. 

• Location and delineation of contaminant plume areas. 

• Location and mapping of buried utilities (both metallic and 
non-metallic). 

The radar system discussed in t~s document is a readily available 

impulse radar system. Continuous wave (CW) or other impulse systems 

exist, but they are generally one of a kind, being experimental instru­

ments, and are not discussed here. 
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Figure C-1 shows a simplified block diagram of a radar system. 

!he system consists of a con~rol unit, antenna. graphic recorder. and 

an optional magnetic tape recor~er. In operation, the elec~ronics are 

typically mounted in a vehicle. !he antenna is connected by a cable by 

hand. System power is usually supplied by a small gasoline generator. 

Various antennas may be used with the system to op~imi:e the survey 

results for individual site conditions and specific requirements. 
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GRAPHIC RECORDER 

~ 1~1~ 
ANTENNA CONTROL.L.ER TAPE RECORCE 

Sampler !5 • 300 Meter ~ ..... 0 0 0 Circuits Co tile Wovetorm 
0 
0 

aowfrle 
0 c c c c 

-~-----------------GROUND SURFACE-­

... -----, 
~ 

l'IGUU C-l 

BLOCK DIAGRM OP' GROUND P!NE'rRATIHG RADAR SYSTEM. 
RADAR WAVES ARE REP't.Ec::TED FROf! SOIL/ROCX INTERFACE. 
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The electromaqnecic (EM) mechod provides a means of measuring the 

electrical conductivity of subsurface soil, rock and ground water. 

Electrical conductivity is a function of the type of soil and rock. 

porosity, its permeability, and the fluids which fill the pore space. !n 

most cases, the conductivity (specific conductance) of the pore fluids 

will dominate the measurement. Accordingly. the EM method is applicable 

both to assessment of natural geohydrologic conditions and to mapping of 

many types of contaminant plumes. Additionally, trench boundaries, 

buried wastes and drums. as well as metallic utility lines can be located 

with EM techniques. 

Natural variations in subsurface conductivity may be caused by 

chanqes in soil moisture content. ground water specific conductance, 

depth of soil cover ever reck, and thickness of soil and rock layers. 

Chanqes in basic soil or reck types, and structural features such as 

fractures or voids may also produce chanqes in conductivity. ~calized 

deposits of natural organics, clay, sand, gravel, or salt rich zones will 

also affect subsurface conductivity. 

Many contaminants will produce an increase in free ion concentration 

when introduced into ~~e soil or ground water systems. This increase 

ever backqrcund conductivity enables detection and mappinq of ccntaminaed 

soil and ground water at HWS, landfills, and impoundments. t.arge amounts 

*The term electromaqnetic has been used in contemporary literature as a 
descriptive term for other geophysical methods, includinq GPR and metal 
detectors which are based on electromaqnetic principles. However. this 
document will use electromaqnetic (EM) to specifically i=ply the measure­
ment of subsurface conductivites by low-frequency electrcmaqnetic induc­
tion. This is in keepinq with the traditional use of the term in the 
qeophysical industry from which the EM methods oriqinated. While the 
authors recognize that there are many electromaqnetic systems and manu­
facturers. the discussion in this section is based solely on instruments 
which are calibrated to read in electrical conductivity units and which 
have been effectiveli' and e:'=tens1vely used at hazardous wast:e s1 t:es. 

,... -
~oo-o 



of organic fluids such as diesel :~el can d~sp:ace the no~a: sci: 

moisture, causing a decrease in conductivity which may also be mapped. 

although this is not commonly d~e. !he mapping of a plume will usually 

define the local flow direction of contaminants. Contaminant migration 

rates can be established by comparing measurements taken at different 

times. 

!he absolute values of conductivity for geologic materials (and 

contaminants) are not necessarily diagnostic in themselves, but the 

variations in conductivity, laterally and with depth, are significant. 

It is this var1ation which enables the investigator to rapidly find 

anomalous conditions. 

Since the EM method does not require ground contact, measuremen~s 

may be made quite rapidly. Lateral variations in conductivity can be 

detec~ed and mapped by a field technique called profiling. Profiling 

measurements may be made to depths ranging from 0.75 to 60 meters. 

Instrumentation and field procedures have been developed recently which 

make it possible to obtain continuous EM profiling data to a depth of 

15 meters. !he data is recorded using strip chart and magnetic tape 

recorders. !his continuous measurement allows increased rates of data 

acquisition and improved resolution for mapping small geohydrologic 

features. Further, recorded data enhanced by computer processing has 

proved invaluable in the evaluation of complex hazardous waste sites. 

!he excellent lateral resolution obtained from EM profiling data has been 

used to advantage in efforts to outline closely-spaced burial pits, to 

reveal the migration of contaminants into the surrounding soil, or to 

delineate fracture patterns. 

Vertical variations in conductivity can also be detected by the EM 

method. A station measurement technique called sounding is employed for 

. this purpose. Data can be acquired from depths ranging from 0. 75 to 

60 meters. !his range of depth is achieved by combining results from 
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a variety of EM instr~en~s. each requiring differen~ field appli:a~ion 

techniques. Other EM systems are capable of sounding to dep~hs of 

1.000 feet or more. but have no~ ye~ been used at HWS and are not 

adaptable to continuous measuremen~s. 

Profiling is the most effective use of the EM method. Continuous 

profiling can be used in many applications to increase resolution. data 

density. and permit total site coverage at critical sites. 

At HWS. applications of EM can provide: 

• Assessment of natural geohydrologic conditions; 

• Locating and mapping of burial trenches and pits containing drums 
and/or bulk wastes; 

• ~eating and mapping of plume boundaries; 

• Determination of flow direction in both unsaturated and saturated 
zones; 

• Rate of plume movement by comparing measurements taken at 
different times; and 

• Locating and mapping of utility pipes and cables which may affect 
other geophysical measurements, or whose trench may provide a 
permeable pathway for contaminant flow. 

This document discusses only those instruments which are designed 

and calibrated to read directly in units of conductivity. 

The basic principle of operation of the electromagnetic method is 

shown in Figura C-2. The transmitter coil radiates an electromagnetic 

field which induces eddy currents in the earth below the instrument. 

Each of these eddy c:urrent loops. in turn. generates a secondary electro­

magnetic field which is proportional to the magnitude of the current 

flowing within that loop. A part of the secondary magnetic field from 

each loop is intercepted by the receiver coil and produces an output 

voltage which (within limits) is linearly related to subsurface 
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conductivity. !his reading is a bulk measuremen~ of conduc~iv~:y; :he 

cumulative response to subsurface conditions ranging all the way f~om the 

surface to the effective depth of,the instrument. 

!he sampling depth of EM equipment is related to the instrument's 

coil spacing. Instruments with coil spacings of l. 4. 10. 20. and 

40 meters are commercially available. !he nominal sampling depth of an 

EM systam is taken to be approximately 1.5 times the coil spacing. 

Accordingly. the nominal depth of response for the coil spacings given 

above is 1.5. 6. 15. 30. and 60 meters. 

:he conductivity value resulting from an EM insrument is a 

composite. and represents the combined effects of the thickness of soil 

or rock layers. their depths. and the specific conductivities of the 

mater!als. !he instrument reading represents the combination of these 

effects. extending from the surface to the arbitrary depth range of the 

instrument. The resulting values are influenced more strongly by shallow 

materials than by deeper layers. and this must be taken into 

consideration when interpreting the data. Conductivity conditions from 

the surface to the instrument's nominal depth ranqe contribute about 

75 percent of the instrument's response. However. contributions from 

highly conductive materials lying at greater depths may have a 

significant effect on the reading. 

EM instruments are calibrated to read subsurface conductivity in 

millimhos per meter (mm/m). !hese units are related to resistivity units 

in the following manner: 

1000/(millimhos/meter) = l ohm-meter 
1000/(millimhos/meter) = 3.28 ohm-feet 

l millimhc/metar = l siamen 

The advantage of using millimhos/meter is that the common ranqe of 

resistivities from l to 1000 ohm-meters is covered by the range of 

conductivities from 1000 to l millimhos/meter. !his makes conversion of 

uni~s relatively easy. 
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Most soil and rock minerals. when dry. have ve~J low conductivi~:es 

(Fiqure C-3). On rare occasions. conductive minerals like magnetite. 

graphite and pyrite occur in s~ficient concentrations to greatly 

increase natural subsurface conductivity. Most often. conductivity is 

overwhelmingly influenced by water content and the following soil/rock 

parameters: 

• The porosity and permeability of the material; 
• the extent to which the pore space is saturated; 
• the concentration of dissolved electrolytes and colloids in the 

pore fluids: and 
• the temperature and phase state (i.e., liquid or ice) of the pore 

water. 

A unique conductivity value cannot be assigned to a particular material. 

because the interrelationships of soil composition. structure and pore 

fluids are highly variable in nature. 

In areas surrounding HWS. contaminants may escape into the soil and 

the ground-water system. In many cases. these fluids contribute large 

amouns of electrolytes and colloids to both the unsaturated and saturated 

zones. In either case. the ground conductivity may be greatly affected. 

sometimes increasing by one to three orders of magnitude above background 

values. However, if the natural variations in subsurface conductivity 

are ve~/ low, contaminant plumes of only 10 to 20 percent above 

background may be mapped. 

In the case of spills involving heavy nonpolar. organic fluids such 

as diesel oil. the normal soil moisture may be displaced. or a si:eable 

pool of oil may develop at the water table. In these cases. subsurface 

conductivites may decrease causing a negative EM anomaly. (A negative 

anomaly will occur only if substantial quantities of nonconductive 

contaminants are present.) 

C-~, -· 

---··------,----.-------....,.--------------....---·---·----·----



Clay and Marl 

Loom 

Top Soil 

Clayey Soils 

Sandy Soils 

Loose Sands 

River Sand and Grovel 

Glacio I Till 

Chalk 

Limestones 

Sandstones 

Basalt 

Crystalline Rocks 

Conductivity ( millimhos /meter) 

to' 
I I 

VliLIIII 

v I II 
VI /1 

V7A 

v I 11 
rl-17111/_L 

.. VII17I71 

I I I I I I I I I IJ 

VI I I I 
V 1 I I I I 11 

Vllllllll7 

V/11 I 
11117711/l/ 
I 

FIGURE C-3 

RANGE OF ELECTRICAL. CONDUC'riV"I'I!S IN NATURAL. SOIL. AND ROCK. 

(Modified After CUlley et al.) 

C-12 

·----·- ·• ·------.--------



RESIS':'IVI'l'Y 

!he resistivity method is used to measure the electrical resistivity 

of the geohydrologic section whlch includes the soil, rock, and ground 

water. Accordingly, the method may be used to assess lateral changes and 

vertical cross sections of the natural geohydrologic settings. In 

addition, it can be used to evaluate contaminant plumes and locate buried 

wastes at hazardous waste sites. 

Application of the method requires that an electrical current be 

injected into the ground by a pair of surface electrodes. The resulting 

potential field (voltage> is measured at the surface between a second 

pair of electrodes. The subsurface resistivity can be calculated by 

knowing the electrode separation and geometry of the electrode positions. 

applied current, and measured voltage. (Resistivity is the reciprocal of 

conductivity, the parameter directly measured by the EM technique.) 

In general, most soil and rock minerals are electrical insulators 

(highly resistive); hence the flow of current is conducted primarily 

through the moisture-filled pore spaces within the soil and rock. 

Therefore, the resistivity of soils and rocks is predominantly controlled 

by the porosity and permeability of the system, the amount of pore water, 

and the concentration of dissolved solids in the pore water. 

!he resistivity technique may be used for "profiling" or "sounding." 

Profiling provides a means of mapping lateral changes in subsurface 

electrical properties. This field technique is well suited to the 

delineation of contaminant plumes and the detection and location of 

changes in natural geohydrologic conditions. Sounding provides a means 

of deter.mining the vertical changes in .subsurface electrical properties. 

Interpretation of sounding data provides the depth and thickness of 

subsurface layers having different resistivities. Commonly up to four 

layers may be resolved with this technique. 
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Applications of the resis~ivity method at hazardous waste sites 

include: 

• Locating and mapping contaminant plumes; 

• Establishing direction and rate of flow of contaminant plumes; 

• Defining burial sites by 
- locating trenches, 
- defining trench boundaries, 
- determining the depths of trenches; and 

• Defining natural geohydroloqic conditions such as 
-depth to water table or to water-bearing horizons, 
- depth to bedrock. thickness of soil. etc. 

Most dry mineral components of soil and rock are highly resistive 

except for a few metallic ore minerals. Under most circumstances. the 

amount of soil/rock moisture dominates the mesurement greatly reducing 

the resistivity value. Current flow is essentially electrolytic. being 

conducted by water contained within pores and cracks. A few minerals 

like clays actually contribute to conduction. In general. soils and 

rocks become less resistive as: 

• Moisture or water content increases; 

• Porosity and permeability of the formation increases; 

• Dissolved solid and colloid (electrolyte) content increases; and 

• Temperature increases (a minor factor. except in areas of 
permafrost). 

Fiqure C-4 illustrates the ranqe of resistivity found in commonly­

occurrinq soils and rocks. Very dry sand. gravel. or rock as encoun~ered 

in arid or semi-arid areas will have very high resistivity. As the empty 

pore spaces fill with water. resistivity will drop. Conversely. the 

resistivity of earth materials which occur below the water table but lack 

pore space (such as massive granite and limestone). will be relatively 

high and will be primarily controlled by current conduction along c~acks 
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and fissures in the formation. Clayey soils and shale layers generally 

have low resistivity values, due to their inherent moisture and clay 

mineral content. In all cases, •an increase in the electrolyte, total 

dissolved solids (!DS) or specific conductance of the system will cause a 

marked increase in current conduction and a corresponding drop in 

resistivity. This fact makes resistivity an excellent technique for the · 

detection and mapping of conductive contaminant plumes. 

It is important to note that no geologic unit or plume has a uniq~e 

or characteristic resistivity value. Its measured resistivity is 

dependent on the natural so~l and rock present. the relative amount of 

moisture, and its specific conductance. However. the natural resistiv~ty 

value of a particular fo~tion or unit may remain within a small rang~ 

for a given area. 

Figure C-5 is a schematic diagram showing the basic principles of 

operation. !he resistivity method is inherently limited to station 

measurements. ~inca electrodes must be in physical and electrical contact 

with ~~~ ground. This requirement makes the resistivity method slower 

than a noncontract method such as EM. 

Many different types of electrode spacing arrays may be used to 

make resistivity measurements; the more commonly used include Wenner. 

Schlumberqer. and dipole-dipole. Due to its simple electrical geometry, 

the Wenner array will be used as an example in the remainder of this 

section; however. its use is not necessarily recommended for all site 

conclitions. The choice of array will depend ut~Cn project objectives and 

site conditions and should be made by an experienced geophysicist. 

Usinq the Wenner array, potential ·electrodes are centered on a line 

between the current electrodes; and equal spacing between electrodes is 

maintained. These "'-" spacings used during HWS evaluation coamonly range 

from 0.3 meter to more than 100 meters. The depth of measurement is 

related to the "'-" spacing and may vary depending upon the geohyd::olog-f. 
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Apparent resistivity values using the Wenner array are calculated 
from the measured voltage and current and the spacing between electrodes 
as shown in the following equation: 

a • 2 A V/t 

where a • apparent resistivity (ohm-meters or ohm-feet) 
A • •A• spacing (meters or feet) 
V • potential (volts) 
I • current Campers) 

FIGURE C-5 
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Current is injec~ed into the ground by the two outer elec~=~oc:s 

which are connected by cables to a DC or low-frequency A.C curren~ sour::e. 

(If true DC is used. special nonpolari:ing electrodes must be used. l !he 

distribution of current within the earth is influenced by the relat:ve 

resistivity of subsurface features. For example. homogenous subsur:ace 

conditions will have the uniform current flow distribution and will yield 

a resistivity value characteristic of the sampled section. On the other 

hand. current distribution may be pulled downward by a low-resistlVlty 

(lower than that of the surface layer. due to the influence of the lower 

resistivity material at depth. 

The current flow within the subsurface produces an electric field 

with lines of equal potential. pe~endicular to the lines of current 

(Fiqure C-5). The potential field is measured by a voltmeter at the two 

inner electrodes. 
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SEISMIC REFRACTION 

Seismic refraction techniques are used to dete~ine the thickness 

and depth of geologic layers and the travel time or velocity of seismic 

waves within the layers. Seismic refraction methods are often used to 

map depths to specific horizons such as bedrock. clay layers. and water 

table. In addition to mapping natural features. other secondary 

applications of the seismic method include the location and definition of 

burial pits and trenches at HWS. 

Seismic waves transmitted into the subsurface travel at different 

velocites in various types of soil and rock and are refracted (or bent) 

at the interfaces between layers. This refraction affects their path of 

travel. An array of geophones on the surface measures the travel time of 

the seismic waves from the source to the geophones at a number of 

spacings. !he time required for the wave to comple~e this pa~h is 

measured. permittinq a determination to be made of the number of layers. 

the thicknesses of the layers and their depths, as well as the seismic 

velocity of each layer. !he wave velocity in each layer is directly 

related to its material properties such as density and hardness. 

A seismic source, geophones. and a seismoqraph are required to make 

the measurments. The seismic source may be a simple sledqe hammer with 

which to strike the ground. Explosives ana any other seismic sources may 

be utilized for deeper or special applications. Geophones implanted in 

the surface of the ground translate the received vibrations of seismic 

enerqy into an electrical siqna1. This siqna1 is displayed on the 

seismoqraph, permittinq measurement of the arrival time of the seismic 

wave. Since the seismic method measures small ground vibrations. it is 

inherently susceptible to vibration noise from a variety of natural and 

cultural sources. 

At HWS, seismic refraction can be used to define natural geohydro­

loqic conditions. includinq thickness and depth of soil and rock layers. 
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their composition and physical properties. and depth to bedrock or ~ater 

table. It can also be used for the detec~ion and location of anomalous 

features. such as pits and trencnes. and for evaluation of the depth of 

burial sites or landfills. (In contrast :o seismic refraction. the 

reflection technique. which is common in petroleum exploration. has not 

been applied to HWS. !his is primarily because the method cannot be 

effectively ut~lized at depths of less than 20 meters.) 

Although a number of elastic waves are inherently associated w1th 

the method, conventional se~smic refraction methods that have been 

employed at HWS are concerned only with the compressional wave (primary 

or P-wave). The compressional wave is also the first to arrive which 

makes its identification relatively easy. 

These waves move through subsurface layers. !he density of a layer 

and its elastic properties dete~ine the speed or velocity at which the 

seismic wave will travel through the layer. The porosity, mineral 

composition. and water content of the layer affect both its density and 

elasticity. Table C-l lists a range of compressional wave velocities in 

ccmmcn geologic materials. It can be seen from these tables that the 

seismic velocities for different types of soil and rock overlap, so 

knovinq the velocities of these layers alone does not pe~it a unique 

determination of their composition. However. if this knowledge is 

combined with geologic information. it can be used intelligently to 

identify geologic strata. 

In general, velocity values are greater for: 

• dense rocks than light rocks. 

• older rocks than younqer rocks. 

• igneous rocks than sedimentary rocks. 

• solid rocks than rocks with cracks or fractures. 
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'!ABLE C-1 

RANGE OF VELOCITIES FOR COMPRESSIONAL W~VES IN SOIL AND ROCK 
(After Jakosky, 1950) 

Material 

Weathered surface material 

Gravel or dry sand 

Sand (wet) 

Sandstone 

Shale 
' 

Chalk 

t.imes~one 

Salt 

Granite 

Metamorphic rocks 

C-Zl 

Velocity (Meters/sec) 

305 - 610 

465 - 915 

610 - 1.830 

1.830 - 3.970 

2.750- 4,270 

l.830 - 3.970 

2.140 - 6.100 

4.270 - 5.190 

4.3ao - s.8oo 

3.050- 1.020 



• unweathered rocks than weathered rocks. 

• consolidated sediments t~an unconsolidated sediments. 

• water-saturated unconsoridated sediments than drJ unconsolidated 

sediments. 

• wet soils than dry soils. 

Figure C-6 shows a schematic view of a 12-channel.seismic sy.~tetn in 

use and the compessional waves traveling ~~rough a two-layered system of 

so1l over bedrock. 'A seismic source produces seismic waves which .. t;ravel 

in all directions into the ground. . The seismic refraction method. 

however, is concerned only with the waves shown in Figure C-6. One of 

these waves. the direct wave, travels parallel to the surface of the 

ground. 'A seismic sensor (geopnone) detects the direct wave as it moves 

along the surface layer. The time of travel along this patb...is related 

to the distance between the sensor and the source and the material .t~~ ~·• 
""' ~.:' 

composing the layer. ,. t;::; ... 

If a denser layer with a higher velocity, such as bedrock. exist1f·';<;;.;f ~· .. 

below the surface soils. some of the seismic waves will be bent or 

refracted as they enter the bedrock. This phenomenon is similar to tnt 

refraction of light rays when light passes from air into water and is·~ 

described by Snell's law. One of these refracted waves. crossing ~he' 
.-w.--·' 

interface at a critical angle. will move parallel to the top of the ,... 
bedrock at the higher velocity of the bedrock. !he seismic wave 

travelling along this interface will continually release energy back into 

the upper layer by refraction. These waves may then be. dete~ted in the 

surface at various distances from the source (Figure C-6). 

Beyond a certain distance (called the critical distance), the 

refracted wave will arrive at a .geophone before the direct wave. Thi_s. 

happens even though the refraction path is longer. because a suffieient 

portion of the wave's path occurs in the higher velocity· bedrock . 

.... . , 
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