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PREFACE

This research was conducted to provide new information and an understahdireg
new evolution of statistical software being developed to anéiyeemediation effect of
DNAPL plumes in groundwater. The mechanics of hydrogeologyncalonger be the
means of identifying the limits and degree of contamination saeaddlegradation. Due
to the cost of earlier methods of deterministic models thad&n and required ever-
increasing amounts of data, the new realm of non-deterministgtatistically-based
models have been introduced. These rely on reducing availableydsitautating a like
duplication of the original data and when that no longer correlditesnodel stops and
uses the set of data that has been determined reasonablesticatgtrepresentative.
The models introduced are those sponsored all or in part by the USorde. The site
used to test this software was Vance AFB since this sitesskected for a voluntary
incentive application of MAROS and was on the list for GTS but ootéd. The
analysis of MAROS proved to select sites for reduced testimgmoval. At the same
time, regulators were deleting and diminishing testing on theirforum. Some of the
results overlapped. An important yet assumed premise is that the knowledget @hat
optimization studies were being performed helped in some parttivate and result in
decisions other than those suggested by the subject software, implemented

nonetheless and resulted in similar and justified cost savings to the taxpayers.
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CHAPTER 1

INTRODUCTION

Environmental pollution or subsurface contamination from petroleum products and
solvents has been a major concern for the last three decadgmrti®dlar concern are
those with a carcinogenic nature or non-aqueous phase liquid cheonséituents. One
group or variation of chemicals are categorized as Dense Nootsmjihase Liquids
(DNAPLS) that are water immiscible organic liquids heavmrantwater and which tend

to migrate to and dissolve to some degree in the groundwater aquifer. The mosnpreval
types are the halogenated organic solvents or which Trichorogtt@mmonly known as
TCE, is the subject contaminant of this paper (Kavanaugh, 1994)ial leftorts in
evaluating plume degradation were based on tracking plume movemeohamge in
contamination levels. Until the beginning of 2000, most applications ferrdming the

fate of subsurface soil contamination have been based primarilyrmpdra modeling.
The movement was primarily based on hydraulic considerations,ysiophemical
database, and design protocol to specify site-specific and gasodrcleanup guidelines.

In other words, movement of a plume was typically directly edlab groundwater

movement (Lesage, 1992).

Many Air Force Installation Restoration Program (IRP) prsjeequire compliance
monitoring of groundwater remediation activities where groundwatemconation is

still present. This long-term monitoring (LTM) involves activenegliation systems as



well as post closure sites. Such monitoring is dictated by @AR CERCLA, and UST
programs typically involving decades of extensive sampling. In addithanges in the
site conditions due to varying groundwater flow or attainment of dange can lead to
less effective or inefficient monitoring networks (AFCEE, 2006apm@uter tools for
analyzing contaminated chemical plumes with regard to chentitatscombine with
groundwater were initially those that modeled deterministicaligsentially the models
began as stochastic methods in the 1980’s and then transitioned to mamrietie
since the 1990’s. Initially, groundwater modeling was performeld wéll test data to
determine movement and characteristics of a generalized plumeeting compliance
requirements. Initially, this flow velocity or transport-time migtgis used to generate
order-of-magnitude estimates of groundwater flow velocity. Troeirglwater gradient,
media hydraulic conductivity, and media porosity are needed to obfémw arelocity
estimate. The velocity of the contaminated water changes duggizgdhabsorption on
the soil and other factors, such as chemical transformation andjiballaegradation
causing the plume to move slower than the groundwater around uméRIof different
contaminants such as heavier-than water organic hydrocarbons, tlgirtemwater
toluene, or lead, and toluene that exist at the same site mayralve at different
velocities, or a plume may separate over time into differenttitoests, as some
contaminant compounds may absorb or degrade faster than others maghérriore,
sites that demonstrate heterogeneous statrigraphy vargmigally and/or horizontally
are not good candidates for the previous deterministic groundwater mo@Rdslian,

2000).

Past methods of remediation have included many various active metiobdasspump-



and-treat that have been balanced against the least activgemsm tool of natural
attenuation to arrive at a hybrid system of monitored natuehution (MNA) and an
its enhancement termed long term monitoring with optimization (LTMID Corp, 1999
& 2000a). In a quest to reduce the high cost of continued monitanchgeating, new
computerized methods have been developed to evaluate the effect dfatemeand
attenuation of plumes (AFCEE, 2006b: Ling, et al., 2004). As a resuthasfe
initiatives, Monitored Natural Attenuation (MNA) and risk-based gosdse borne out of
necessity in an attempt to utilize time in achieving requiretedation levels without

the cost of mechanical remediation methods (Aziz, 2003).

The major technique used for spatial analysis historically hexs ¢peostatistical methods
using variograms and kriging. Other methods include exotic approsgbless variance
reduction and a Baysian approach. Temporal sampling has utilizéeggts based on
autocorrelation and variogram analysis. The major hindranchese tapproaches is
mathematical complexity requiring considerable expertise anlgt@ahtime. A short
record of data of only 4 to 5 years creates difficulty fooeattrelation and temporal
variogram methods. Another aspect is that of shifting the goal fristine restoration
to that of determining the sufficiency of an LTM plan or Long-TekMwonitoring

Optimization Plan (LTMO) in meeting risk-based goals (Ling, 2004).

Radian points out that of several statistical tools availableggheopriate ones are those
utilizing geostatistics and temporal trend analyses to optima@&amber of monitoring
wells necessary to allow defining a plume boundary and contamauentientration

characteristics to ultimately achieve program goals. Gesigtal methods are used to



evaluate spatial orientation and correlation across a plumecaesaluate locations that
have unacceptably high concentrations. On the other hand, linear regiassigses
determine if the model is a good fit as well as demonstraomgentration correlation

with time. (Radian, 2000).

Statistical tools that identify contaminant trends in a welgroup of wells are Mann-
Kendall or regression analysis. (Radian, 2000) Visual examinatiplotsfof the results
of these analyses for a well or group of wells of time ax &sction of distance offers a
highly sensitive means of detecting trends or potential tremdeel data. From this,
statistical tests are used to calculate the possibilitysilgaificant trends may be due to
random variability. The Mann-Kendall test evaluates the trend ofectrations over
time and does not require data at equally spaced times. Itvwhasatestical assumptions
such as normality and includes non-detects which are levels belmovtable limits.
However, since its function is to determine trends and as graplatzapresentations, it
does not account for actual concentrations. It also requires mordotivasamples to

perform a trend analysis. (Radian, 2000).

Several new modeling and contamination analysis software programsdevailable
that provided decision —support software to optimize LTM plans. Existaig are
analyzed for spatial sampling, temporal analysis, data sulffigieand evaluation
strategy. One such model was the Monitoring and Remediation OgtilonizSystem
(MAROS) program developed by the U.S. Air Force Center of Enviratah&xcellence

(AFCEE — MAROS Users Guide) and available to the public.).



Specifically, this paper presents an application of MAROS to thienization of the
Long-Term Monitoring (LTM) Program at Vance AFB. That progrdad directed
continued semiannual sampling for 15 years for two contaminated shatover
plumes with 34 and 42 sampling wells. Test well data from previeas\yand new data
would be evaluated to demonstrate the degree of attainment of sie#-lggals and
natural attenuation in meeting compliance goals (EA Project d#smant Plan, 2005).
The contaminant-of-concern being evaluated is TCE which is &mdocan cause cancer

making it a concern for living beings (IT, 2000a).

1.1 BACKGROUND

Much remediation study, data gathering, and remediation method &pplicand
monitoring have been performed over the past 20 years at the Maatien. For major
areas of contamination that still exist, forms of monitored natitahuation (MNA)
have been implemented in varying degrees depending upon the degree oiratida.
Site characterization and remediation activities have largegn completed at many
military installations but more sites still require attentinrthe future such as the four
remaining sites at Vance AFB. However, active contaminant ororgt systems have
become increasingly costly to operate. This has led to thessigc®f developing
methods to optimize the system to both reduce costs and achieve twssangc
contaminant levels required by law. It has become necessasitdsabe evaluated with

new methods to predict the need and level of continued monitoring.



Computer models are now available that are based on geosthtigtithods that include
spatial and temporal comparisons of data. These models are desigiegermine if the
number of wells and frequency of testing may be reduced, based orerabll
uncertainty. Such software includes various and differing methoalsatysis which are
tailored to address the varied site conditions in order to apprdépnaesict the fate and
monitoring efficiencies of a particular contaminated site §ges 1992). In the past few
years, new models have been developed for general applicationhtc@uaminated
sites for the purpose of defining contaminant plume stability andctgeuture
contaminant profiles. It was the intent of this paper and authosareh to apply
MAROS and GTS models to the identified contaminant plumes and provide

recommendations for the approved long term monitoring plan for a contamination site.

Among the many computer software models being developed for mgnagMO, the

U. S. Air Force has specifically adopted and supported the developiainée models
(IT Corp, 1999). One such model, MAROS (Monitoring and Remediation Cqatiioin

Software), is a tool that is particularly useful in obtaininggragoral evaluation. This
shareware program is generally being used to analyze contarpinards at various Air
Force installations. The model has some restrictive requirenfentdata and has
required the additional requirement of creating data necessamytérpolation by other

software programs that exercise kriging. .

The subject of this research includes evaluation of a partiatdansorthern Oklahoma

that being Vance AFB in Enid (Figure 1.1). The presence of contamination sites
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resulting from disposal of chemical constituents used in induspiaications began
receiving great emphasis in the last 40 years and has beehtbegrime pursuits of the
Environmental Protection Agency in clean up efforts. This basebéas exercising
remediation programs since approximately 1992 and is now utiliziggoandwater
extraction system with a 25-year monitoring program. Pluntecntamination areas
which were originally identified as separate sites andsaaeanow concentrated into two
collective sites termed CMI and 1Z to be discussed latdre tWwo specific plume areas
are shown in Figure 1.2. The primary concern at this time invadveshallow
transmissive zone with the primary contaminants-of-concern (Cla@@)g TCE, its

daughter products and BTEX.

However, the constituent of potential concern is essentially TICECorp, 2000).
Semiannual monitoring is being conducted with the initiative touewalthe possibility
of optimizing the monitoring well program. This has specificalero offered as a

MAROS application by the current remediation contractor on Vance AFB (EA, 2005).

Originally, Vance AFB occupied an area of about 110 acres inrtteegeriod of 1941
(and now over 2,000 acres) when construction began for a military dirfiglrcraft
operations involved flying, fueling, maintenance, and repair of athponents of
reciprocating (later jet) engines. Waste of chemicalritiey compounds and other now
known contaminants in and around the maintenance facilities wasnelnpractice.

Interest stemming from the 1980’s resulted in the identification of ultignateé IRP
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(Installation Restoration Program) sites that would eventualipuyadved in some type
of remediation. Five corrective measure alternatives wewpoped that included no
action, MNA, bioremediation, and combinations thereof finally setttinggroundwater
extraction with MNA. Techniques have also included cutoff wallytqremediation,
and natural attenuation. At this time, the nine IRP sites have ibeetified as four
contamination areas; the Industrial Zone (sites LF-03, SS-07Sar@B, Corrective
Measures Implementation (CMI sites ST-12, WP-23, SS-24, and $$I85)a small
follow-on monitoring of FT-02 and DP-05 which are all but insignificantlegree of
concern. Again, the appendix includes figures that depict these asittsplume

characteristics (Campbell, 1998: EA Engineering, 2006: IT Corp, 2000a).

The major interest of this research involves the DNAPL camstts of TCE, PCE, and
daughter products in the shallow vadose zone. Many other constituentbdeave
identified but are mainly under control. These include VOC'’s tleabaing remediated
through phytoremediation at site LF-03. Other areas are bemgdiated with barrier
walls and pump-and-treat technology through a groundwater treatacdity. It is the

focus of this research to evaluate the fate and plume chasticseaf the two principal
areas of concern; the CMI for Corrective Measures Implerhentand 1Z for the

Industrial Zone.

The resource data for studying and evaluating the monitoring ha$ been performed
by many separate engineering companies since the late 19&Mortunately, the
studies that were performed were not always in the same amdas the same format.

For instance, early investigation involved sites near the cehtée flight line facilities

10



which expanded to other various sites on the base. This evolved intol sepenate
plume areas that did not overlay previous work which added to the diffinubbtaining
frequent and consistent data for major areas. As areas of coatiam have been
discovered over the years, they have been identified and numberneecdik $ocations
that also correlated to specific plumes. Some of thesevegies further combined into
larger generalized plumes. The result is that today, therevarbasic plumes labeled as

“CMI” and “Industrial Zone”.

The main intent of this research topic was to utilize exgstiomputer modeling software
and methods in evaluating the fate of DNAPL contaminant removabatimization of
the sampling system at a select industrial site (Vance, Alahoma). The principle
models are MAROS and GTS which were developed by the U. Scokte Center of

Environmental Excellence in San Antonio, Texas.

1.2 OBJECTIVES

The nature of industrial sites that have experienced some degodeerofcal spillage
leads to the realization the those sites are generally suspectoften found to
contaminate the soil regime below. Some chemicals such hktoethene (TCE) are
heavier than water and will attach to the soil and will also continue to padisdiolve in

the water table below. The endeavor of this paper is to demortsteagealuation of a
specific but heterogeneous aquifer scenario with regard tdetpeadation of a specific
DNAPL or TCE and provide insight on the application at a simitarte that of Vance

AFB.

11



1. Demonstrate variability in field water test well data andtgfraphic data and its
effects on the results of the LTMO software programs andrtpadt on decision-

making regarding achievement of regulatory goals of remediation.

2. Perform an analysis of the Vance sites with inference$o asrganizing and
positioning well data points with respect to the peculiaritiehefdite, i.e., the

effect that an extraction well has on normally anticipated plume movement.

3. Show how the various modeling methods and results can be used to sughest
recommend degrees of achieved remediation as well as providing addiésina

sites.

4. Provide insight as to the application of LTMO methods to benefitshef t
evaluations and use of MAROS to provide recommendations mitigateg s

similar to the LTMO plan as Vance AFB as it relates to TCE.

1.3 STATEMENT OF THE PROBLEM

The effect of measuring and evaluating remediation of DNAPLacoinants developed

into an upward spiraling demand for resources that far exceedddbévdunds. The
need to reduce the contaminant levels to a tolerable and acceggblatory limit
remained but needed to be addressed through a method that balanced &lesasona
amount of aquifer water test results with an acceptable vtk to meet health and
safety concerns. Early computer models were deterministic eapdred greater and
greater amounts of data. It was in the advent of the 19%I'si¢hwer statistical and risk-

based computer models were being developed in response to a govatmewnatory

12



shift of emphasis toward achieving acceptable contaminant plumedi&ion with
minimal active effort due to the introduction and promulgation of madtaratural

attenuation where and when shown to be plausible.

Studies of aquifers contaminated with DNAPL constituents have hsligrirequired
significant efforts and test data accumulation in terms wdrdlogic movement,
stratitographic data, consistency of data collection, evaluatioasaofts with respect to
regulatory standards, and suitable presentation of results. Marbeatgts more data in
the traditional determinate modeling methods of analyzing DNAPgradi@ation of
contaminated aquifers. The newer method of analyzing degradation to achiea&orggul
limits is faced with concerns over data consistency. Isis fshught with the issue of the
adequacy provided by subjective evaluation of various statisticdloohetas they are

weighed against the risk of declaring achievement in meeting regulatals/ g

New computer models have been developed to statistically evaittete existing plume
data or smaller amounts of data than earlier required. The dfasiatistical analysis
today is evaluation of a plumes characteristic degradation imasegarms of temporal
and spatial modes and then to subjectively draw conclusions from tloeis/alternate

applications of statistics. This work will address the following problems:

1. Assimilation of data from various sources and irregularity in teta due to

variability in water well testing due to regularity and availability abda

13



2. Operation and application of recent computer statistical modetsegsapply to
an individual military installation that involves customization daners such as

MAROS that was developed specifically by the U. S. Air Force for their needs.

3. Establishing a suitable representation of a contaminated plumeesgéneral
assumptions and modeling variations in order to arrive at a plumbdbsiaimeets

the intent of minimal data in meeting regulatory requirements.

4. In the case of TCE, a small portion of the original mass becdissslved in an
aqueous phase in the aquifer and is used as the sole tool of predhotiagent
and degradation. This disregards the effect of post-remediatiaiutics that
may occur with contaminant attached to the soil. The preferred snddehot

account for this which increases the subjectivity of the results.

5. Not only should the cost of testing be reduced but the cost of engluhe

plumes should be minimized as well.

14



CHAPTER 2

LITERATURE REVIEW

The following is an actual case study or a well documented psignesf actions to
mitigate soil contamination at a military installation. Tha@iogram began in the 1980’s
and has evolved from the original deterministic approach and mechamtiabds of
remediation to that of statistical risk-assessment or a @lamong Term Monitoring

Optimization.

2.1 BACKGROUND OF VANCE AFB

One subject will be Vance AFB in Enid, Oklahoma that has geneahitexbt 25 years of
monitoring data and has been chosen to attempt to reduce the ramdbietensity of

LTM. A brief history of the airfield and its awareness of contamination follow.

Construction of the airfield began in 1941 with operations beginning inatheffthat
year. Aircraft operations involving flying, fueling, maintenanead repair of all
components of jet and propeller engines have been conducted contimelyhsit time.
During that period, some of the mentioned activities led to lessptioger care of waste
materials, primarily those of cleaning solvents, aircraft fuaste, and various engine

parts cleaning materials as well as paint wastes.

The paint-stripping site number 12 was constructed in 1967 and operated the&8gh

15



The area used to store paint stripping chemicals has sincedmewed and a collection
sump was installed to remediate the spilled chemical bylagamg an extraction well
pumping system in 1998. Although groundwater concentration of organic chenmsical
still high, pumping yields are low, which is assumed to be due t@uh® not being
installed to the full depth of the shallow transmissive zone.is lhssumed that the
industrial waste pit that generated site 23 was removed around 196&viouB
investigations have taken place at these sites since 1988 arftbdataese studies was
used in preparing feasibility studies, which examined alternatoresemediation. The
Site 23 area was later identified as the Corrective Meaduanplementation Plan (CMI)
Area in 2002 and was comprised of Sites ST-12, WP-23, SS-24, and SSQbrplT

2002a).

The north area of the original base was comprised of additiontéminated subsurface
areas defined as Site 3, 5, 7 and 8. One was capped, another deeracdanatd,
another recently resolved with phytoremediation, leaving Site Betoemediated. In
1993, it was confirmed that shallow groundwater contamination extendeldarito Site
7. In 1997, an interceptor collector trench was constructed. Againexteat of
contaminant migration was discovered north beyond the base boundaryestihevas
the construction of additional 31 monitoring wells in 1997 and another intercepll in
an area termed the Industrial Zone (1Z). See Figure 1.2 for theeabn of the CMI

and IZ sites (IT Corp., 2000a & 2002a: EA, 2006).

Contaminated sites at Vance AFB in Enid, Oklahoma have generatedt&5 years of

monitoring data and have been analyzed to attempt to reduce the randbetensity of
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LTM. Early monitoring involved collecting large amounts of datat twas based on
transport modeling to indicate the spread of a contaminant plume dhyertmgeologic
movement of groundwater. Typically, computer models such as MODFLO, BIOTRANS,
and others predicated the travel of a plume and the degradation angke cbian
characteristics of a contaminant. Several remediation technigaresused to collect and
otherwise diminish the contaminant levels, including pump-and-treatirdecteptor
collector trenches. The models required immense amounts ofrdat@stly monitoring.
New computer modeling and analysis programs utilized statlistnd risk-based goals in
evaluating attainment of remediation levels with less data astl cThese included
pseudo-and actual statistical platforms and provided a simplérocheof analyzing
available data and predict sampling required to achieve an abteplevel of

remediation.

Several new modeling and contamination analysis software prograves bdegome
available that provided decision —support to optimize LTM plans. ikgisiata can be
analyzed for spatial sampling, temporal analysis, data suitigieand evaluation
strategy. One such model is MAROS sponsored by the U.S. Air Bottdeveloped by
others. While not purely statistical, this program utilizesnhtKendall statistics and a
coefficient of variation. For optimization of monitoring wells,uses the Delaunay
triangulation method to analyze spatial importance of sampticgtibns and temporal
analysis based on a modified CES Cost Effective Analysis metibe. predominant
contaminants of concern (COC) were a list of ten VOC’s witlE T§g2ing the most

predominant in the shallow transmissive zone (EA, 2006).
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The presence of contamination sites resulting from disposal ofichleconstituents used
in industrial applications began receiving great emphasis iraghel0 years. Vance Air
Force Base (AFB) has been exercising remediation prograrms approximately 1992
and is now utilizing a groundwater extraction system with a 2B4y®nitoring program.
Plume and contamination areas which were originally identi#fsesdeparate sites are now
concentrated into two collective sites. The primary concerrhiattime involves a
shallow transmissive zone with the primary contaminants-of-con€€dCy TCE and its
daughter products and (IT Corp, Apr 2000). Semiannual monitoring is curbetly
conducted with the initiative to evaluate possibilities of optimizBsngnaximizing the
efforts of the monitoring well program which could result in eliminating nooimigy wells

or reducing the frequency of testing (EA, 2006).

The MAROS software sponsored by the US Air Force was recomihdéodapplication
in the current Vance AFB LTMO program in order to possibly redbheenumber of
monitoring wells on Vance as well as to reduce the number of miogitevents to
achieve remediation. Currently it is comprised of four plumasaoé which two labeled
CMI and 1Z (Industrial Zone) contain primarily TCE contamination.islparticularly
challenging because the vast monitoring data accumulated for ¥&iés not always
consistent due to new sites that emerged and which were absorbé&rgetr collective
plumes. MAROS will be used to evaluate data sufficiency, eluend, size, shape, and
movement to result in reducing and optimizing the LTM program ovemaRkefew years

(EA, 2006).
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2.2 EARLY MODELING OF PLUME ACTIVITY

Environmental pollution or subsurface contamination from petroleum products and
solvents has been a major concern for the last three decadparti@flar concern due to
their carcinogenic nature, are DNAPL and LNAPL constituentsitial efforts in
evaluating plume degradation were based on tracking plume movemeohamge in
contamination levels. Until fairly recently, most applicationsdetermining the fate of
subsurface soil contamination have been based primarily on tramspddling. The
movement was primarily based on hydraulic considerations, a physimehalatabase,

and design protocol to specify site-specific and generic sahadp guidelines (Lesage,

1992).

Determination of the movement of contaminants in the groundwateraateVAFB
utilized many computer modeling methods and software products. oDtieese was
MODFLOW which is a modular three-dimensional groundwater flow model that assume
flow through a porous media. This software was coupled with MT3D di3DRhe first
being a solute transport model for simulation of advection, dispersion, heemdical
reactions of dissolved constituents in groundwater systems, whH&F&&s shows this in
3 dimensions. Also applied was BIOTRANS which has been used fbratan to
dissolved-phase plumes for modeled chemicals at a site. fiatchivork began in 1992
with soil borings to a 30 foot depth. Chemical analyses were pextbfon VOC'’s, and
RCRA metals. It was also discovered that the site was cadmdliscontinuous layers
of clay strata which resulted in testing for contamination levels at ashatitermediate,

and deep soil layers at Vance AFB. It should be mentioned thabfhigare was used to
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evaluate many original contaminants of concern (COC) at Varcef athich have
almost reached acceptable remediation levels excepting fdrss@ved portion of TCE

in two major plumes in the shallow soil zone (Radian, 1993).

A very small site number DP-05 (or LF-05 on the south edge of ge dieectly east of
the inside runway taxiway) has experienced high levels of TClkis 8rea has a very
short groundwater flow field that was not possible to evaluate \atth dnd transport
modeling software so is being managed as a natural venting protesatural

attenuation.

In the year 2000, an “Alternate Concentration Limits Report foeNRP Sites” was
published to identify which constituents of potential concern (COPC) deedde
further evaluated and targeted TCE and bis (2-ethylhexl) phtredatee major COPC's.
As a result of computer modeling of the site-wide flow model PFQOW) along with
solute transport codes MT3D and RT3D, alternate concentration l{&@&) were
determined for 14 identified COPC'’s that would migrate across a compliance boimdary
30 years. This identified the occurrence of biodegradation of organititacents at
Vance such as TCE to cis-1, 2-DCE to VC and finally ethane.pfidsence of TCE was
essentially due to the initial waste products of TCE thaewestorically allowed to enter

the soil at Vance (IT Corp, 2000b).

Since 2002, about 12 VOC'’s demonstrating significant contaminant leaelsbeen
detected in the shallow zone while no such significant issues rgpated for the

chemicals that had entered the deeper soil zones. Today, threcoragern is TCE in the
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shallow transmissive zone although as many as ten VOC’s det¢eeted that exceeded
MCL’s in that zone in the CMI and Industrial Zones in 2005 (Groundwagevices,
2004: IT Corp, Jan 2000). Plume maps have been published for the majdt ditezasd
Industrial Zone and significant monitoring well data have been publishéddhabe

utilized to develop an optimization plan (EA, 2006: IT Corp, 2002b).

2.3 ORIGIN OF LTMO - OPTIMIZATION

Methods of remediation have included many various active methods sychmg-and-
treat that have been balanced against the least active mamgtoul of natural
attenuation to arrive at a hybrid system of monitored naturalugtten (MNA) and long

term monitoring with optimization (LTMO) (IT Corp, 1999: IT Corp, 2000a).

Cronce (2003) summarized the basics of Remedial Process Gyitimiz This was
spurred by several factors affecting cost and attainmengofatery contaminant levels,
increasingly affected by numerous remedial action systéesdg in place, long periods
of time between record-of-decision and initiation of LTMO programasd rapid

technology development that needed to be implemented to update curredtatem

systems. Again, greater emphasis was needed to evaluate ah aagig and long-term
cost of operations and monitoring. Obstacles to continuation of curneetdiagion

systems included reduced program funding, remediation designs thahaaequate for
the future, inconsistencies in reliability and safety compliarsites imposing the
probability of perpetual remediation and monitoring costs, and constrahging site

conditions. The goals of LTMO included lowering costs, reducisky simplification,

21



and accelerating closure and compliance by optimizing. In orderhieve these goals
would require reevaluating factors that used to establish currénstextegy such as
reviewing current regulatory and environmental conditions, updatingagskssment,
seeking ways to increase efficiency, developing contingencgraptand accelerating
the closure period. This idea termed Remedial Action Optimizasioggested
reevaluation of existing plans to include reviewing record-ofsi@ei (ROD) strategy,
exercising Risk-Based Corrective Action plans, predicting tffeaf changes by
combining CAD files and the plume model to predict system éffgatss, implementing
active and passive remediation tools, developing ideas for redutenglssure, and
offering alternate remedies such as reaction walls oralattenuation for groundwater

(Cronce, 2003).

From this evolved Long Term Monitoring Optimization (LTMO). s [components
adopted many of the aspects from RPO. Objectives included mingneasts and
maximizing effectiveness and quality, and eliminating unneceskday Cost reduction
utilized phased closure, performing risk/exposure and indicator asalgsd revising
compliance objectives. Innovative steps included automated monjtooingite
analyses, waste minimization with on-site treatment, bettéroeastruction, and non-
intrusive sampling. The procedure to optimize long-term monitoring ingolae
pragmatic justification of sampling location and frequency, optine&d procedures and

analytical protocol, and streamlining data management (Cronce, 2003).

Cameron (2004) stated that the buzz word “optimal” with regardsnt@oamental

monitoring is more about the price tag that has evolved. Earlytsefid optimization
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concentrated on the best design layout of wells and locations taeaotditional data
from previously unsampled areas of a plume and to minimize ctadsf error. Early
geostatistical models were aimed at attaining the most lplbathways of the plume to
place wells or picking new sampling points that would reduce krigargations (by
providing more data to satisfy the based of regularity of data fgmgj. Basically,
those efforts attempted to add information to the system to he#etify a plume to
better reach a target remedial response. He pointed out thattel#dtyin definition is
to seek redundancy in existing monitoring wells with siting of meswnitoring wells a
second priority. It is significant that the ‘main focus now isubtract information from
the system, that which adds little but at a great cost.” févg approach opposes the
classic view of optimization and offers a “one-way” biaseduaté involving trade-offs

between loss of information and the expense for obtaining data.

Cameron (2004) pointed out that a key assumption spawned from LTM netisorks
twofold, either a groundwater plume is so effectively charastdrthat additional wells
are not needed, or that so many different investigations and sgrefflants exist that it
would be a politically incorrect to do more than remove data (uthzsting data to the
best advantage). The data obtained for analysis of plumes isgaathl &nd temporal
and creates the test data alluded to above. Optimization of mogifans has pursued
both temporal and spatial regimes but typically do not optimize badtheatame time

(Cameron, 2004).

It was suggested by Cameron that statistical redundancy is segbpmyr the idea that

removal of some data results in a reduced data set that can ddouseconstruct
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characteristics of the original full data set. Furthetread can always be found to
intersect the known or reduced set in this case, and does not ash@llyother points
were redundant. In the spatial sense, kriging can also reprduié@adwn or reduced
set. There is no way to qualify how well other unsampled areas plume are
represented by the reduced data. A better method is suggestedothid test the
accuracy of how well the reduced data would re-estimate thettddtavas eliminated.
This is considered cross-validation in which true or already remaeasurements are
considered known in order to establish an explicit computation of erkdsually
removed points are proximate to clustered sets resulting ftematt to characterize the
plume and are fairly similar to the points retained in the reddatlset. Re-estimating
unsampled areas of the site then pose more difficulty thus netiegsa more general

approach for tackling redundancy (Cameron, 2004).

Determination of redundancy requires that a reduced-set adgwiadeacterizes the full-
data set. Further defining redundancy of temporal data eliesisaime sampling events
defined as “thinning out” by the use of specific criteria to attar&ze redundancy in
individual wells. This is done by reconstructing the direction @peslof the trend in a
linear trend in response to actual observation or in response tol aelgakatory limit.
Secondly, multiple well trends have been used to indicate theveelabsition of the
plume in terms of the gradient and stability of groundwater maggarBing modeling
software, the GTS (Geostatistical Temporal-Spatial) dlgor (discussed later) uses a
full data set to estimate the trend (linear or nonlinearps@hscomplex, or simple) and a
confidence band around the length of the sampling period. The reducededat

reconstructs the original trend and non-redundancy occurs whendheabtiend cannot
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be duplicated within the baseline confidence limits. The spatediyced data-set refers
to eliminated well locations. This could simply involve eliminationveélls from
obvious clusters by maximizing space between wells. The ntumersion of GTS
emphasizes the ability of the reduced-data set to gauge plui®et ®r reconstruct
surface maps. In the quest for optimality, it must be understooavthie all data has
significance, removal of data creates information loss. Optyms the fine balance of
loss of information versus the cost savings of not collectingpaaodessing additional

data, i.e. the trade-off of a minor loss of data versus cost savings (Cameron, 2004).

Costs of optimization are comprised of several categoriesallyit is understood that
costs are not a linear function of the LTM network. Sites diffgistically as well as in

the analytical costs due to varying sampling due to regulateegs: Secondly, cost
savings due to temporal reasons are affected by more complekleawhen compared
to simply eliminating wells. Reasons range from changeamiractors and regulatory
plans, differing schedules impacted by the proximity of wellsd modifying the plan
due deletion or addition of wells or modification from eliminating IsvélCameron,

2004).
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CHAPTER 3

SOFTWARE

3.1 THREE MODELS OF CHOICE

Hunter (2005) provided an overview of LTMO that identified three predominant
accepted methods used by the U. S. Air Force. Apparently, LTiKEDhods
demonstrated redundancy in well networks and recommended up to 40%oreducti
testing. Tolerable uncertainty is accepted and focuses on atskatdi while improving
and simplifying LTM programs. LTMO tools identify essentiamgding locations,
determine optimal sampling frequency, assess importance of indiwels but offer no
purely objective result, but several related solutions. Requireraentglatively simple
to operate these programs: electronic data, a conceptuaiaitd, data sufficiency with
sample size and number of events, a description of the current mmanjoogram, well

construction data, and cleanup goals and regulatory limits (Hunter, 2005).

The U. S. Air Force utilizes three LTMO methods: GTS (Geissitzdl Temporal-
Spatial), MAROS, and Parsons 3-Tiered Approach. The AFCEE optionztools of
choice are GTS and MAROS. GTS provides an algorithm along wisoftavare
package. Its geostatistical and trend optimization methods areobmutive by
incorporating a variogram to analyze spatial correlation, lgidim spatial interpolation
and regression, and a Locally Weighted Quadratic Regression RQWQTS Temporal

analysis optimizes sampling frequencies through individual veelidysis or “iterative
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thinning.” Well groups and broad areas are analyzed through use ehporal
variogram. This method randomly weeds out data points and re-‘estiamdrend. It
requires at least eight sampling events per well and the LW®Rion-linear trends

associated with seasonal patterns or complex trends (Cameron, 2004).

Optimization of data using a reduced data-set relies highly oquiday of the baseline.
It requires both full data-measurement representing entireaditions and secondly,
the estimating data manipulation method maintains fidelity with llasic underlying
statistical patterns in the baseline data. Historicallytiapaptimization strategies have
employed “kriging” and/or fate-and-transport modeling. Krigicrgates a distance-
weighted mapping system. Disadvantages include the facttdratard kriging requires
one and only one data point per location. Inconsistent sampling schedulespdovide
this. A wider time frame to include more wells creates ipleltpoints at the same
location. Averaging reduces variability of the data-set and eggdte premise of
identically distributed points. Another problem of point kriging ist tbf being an
“interpolator” that basically assumes all observed measursnaeatcorrect and ignores
error normally known to occur in reported values. Apparently, theyget” does not
resolve this. Block kriging is used as workaround to average thedodlvriged point
estimates to create more smoothing. A second approach has beese thiefate-and-
transport or geophysical modeling. It uses information about aggdiogical model to
include groundwater conductivity and transmissivity for example, taligi derive a
geophysical finite element or difference model of an aquifercagate snapshots of the
spatial contamination. However, it is not well suited to smd#sswith limited

geophysical data. It also requires much up-front modeling and msepdmit often
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predictions do not match empirical data. Cameron states thahdioisl can be trained

by fusing the model with empirical data (Cameron, 2004).

Plume characterization requires generating a grid or contatmoacentrations in three
dimensions. Commonly used interpolation schemes included kriging, endestance
weighting (IDW), and natural neighbor interpolation techniques. Acgucd each
method was determined with cross-validation by removing one sashmetime and
interpolating to the location of the missing sample. An advantagegnfg is its ability
to detect anisotropy in directional data and it gives more wégkamples in a vertical
plane Figure 3.1 demonstrates two curves that depict two directionsrermees of two

isotropic conditions. It also deals with redundant information in clustered data.

The IDW method is simple and represents a weighted averadingewnear samples
have a greater influence than distant samples. Natural neighbrpolat®n is the same
as IDW but bases weighting on distances and topological relationgmijpss anore

accurate when applied to clustered data. Results for all thetleods indicate that

kriging appears to be most accurate of the three.

It will be further discussed that kriging has been displaced bgltamative smoothing

statistical method using a quadratic regression technique (Jones, 2003).
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Figure 3.1. Modeling Anisotropy with Kriging (Jones, 2003)
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3.2 GTS SOFTWARE

Of many methods, Cameron and Hunter offered a software algokittuwn as the
Geostatistical Temporal/Spatial (GTS) Optimization Aldorit The initial startup
requires access to existing data available in an electroniabate, ERPIMS
(Environmental Resource Program Information Management Systaoh)GE format.
Basic parameters include hydrostratigraphy, locations of resgatod the direction and
rate of plume movement which are normally obtained from an eféecfioundwater

monitoring program.

The GTS software package offers a similar approach to otherlsnodéhat it first
performs a qualitative analysis of the characterized sitdhe Data Exploration block
along with a COC Analysis and Groundwater Horizon Analysis. théurpursues
separate Temporal and Spatial Optimization. A copy of the ov@id algorithm is
provided in Figure 3.2. Data exploration and retrieval is simil&AROS in that it is
available from ERPIMS. There are more fields of data siegthdof wells is required.
This data must be imported as ASCII format and other import/exquiiities are
dependent upon temporary data files and third party software appiseafhFCEE,

2005).

GTS produces a concentration distribution map using color-coded ci€ld€9%
increments of measurement values and mapped on the site. fratieces well time

series plots of each well to allow view of apparent trends.
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Figure 3.2. GTS Basic Algorithm (AFCEE, 2005)



The Ground Water Analysis tool provides well locations by horizon (defgtlume) and
posts plots on a map per horizon (Figure 3.3). Temporal Optimizatigenisrated as
two components the first being a temporal diagram for a group tf (Fedjure 3.4). Itis
comprised of nested pairs of concentration measurements for edchndestimated
with locally weighted quadratic regression (LWQR). The varimggaaphs these pairs

against the lag time between sampling events (AFCEE, 2005).

Past temporal optimization tools or strategies have utilinedititrends or slopes in time
series data. A confidence interval was estimated aroundulihgafa slope and points
were removed until the slope was outside the confidence intertd. did not work for
nonlinear seasonal type trend data. This limited the use of aautwalled Iterative
Thinning which was modified in a later version of GTS that incorpdradQR to

estimate the trend and the slope.

The module in GTS used to optimize the temporal interval is termed “Iterdtinaiig”.

It attempts to recreate the original trend with a reduced s#dtaafter randomly
“dropping” sampling events. An average interval between rentpaguents is iterated to
arrive at a grand average interval which is compared to thghteel full data-set interval

to generate the per cent reduction of sampling frequency (Cameron, 2004).

A confidence band can be estimated around the entire trend for argapgsiod and for
a full-data set. A fraction of data points are randomly removed and the trestinated

with LQWR with an identical bandwidth parameter.
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The entire trend is a baseline so a numerical cutoff of 25-309%6ad to determine how
many points are outside the baseline limits. Figure 3.5 showsghksrof the process at
which the maximal number of removable data points has been atthiedetermining

an optimal sampling interval for each well.

Iterative thinning determines the average sampling frequencynéeral for a given
well and constituent, fits a trend with statistical confidence boamlsnd this trend, and
proceeds to iteratively and randomly remove fractions of the origlat@ and then
reestimate the trend. Concentrations outliers are screenekbwo amnly significant
outliers remain as shown in Figure 3.6. A parameter bandwidth beustlected using
the Bandwidth Alternatives feature to allow selecting the ssarg bandwidth between

40 and 80% as demonstrated in Figure 3.7 (AFCEE, 2005).

Spatial optimization techniques have turned from kriging to the nevethod termed
LWOQOR in the model known as GTS. It is driven by empirical data for a characteite
and allows reduction in sampling without the high cost of geophysiodelmg. An
improvement in establishing the baseline map and performing Isgatianating is

through the implementation of a locally-weighted quadratic regression.

It is a smoother and not an interpolator and applies a best-faéastgsquares line similar
to standard linear regression that does not coincide with any point but capturesrdie
trend. It allows multiple data points at any given location and doé require a priori
spatial variance model. This avoids significant effort in krigongroperly gauge spatial

correlation structure.
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It avoids the process of properly fitting one or more variogramshnisias much art as
science. However, LWQR requires quasi-objective analyses oésitial of the fit and
subjective estimations of how well the site features aresepted. It was stated that the
fitting process of LQWR is simpler than covariance model-buildinkyiging (Cameron,

2004).

The building of spatial maps is a significant function of theostigm. Every LTM
network contains two data features: (1) significant non-desesutis(2) and univariate
concentration skewness that are not handled by kriging. Thise@salignoring large
amounts of statistical information. GTS employs a multiplecatdir local regression
(MILR) to build maps. The overall data is declustered and clgo#iis are selected and
rated with a zero or one (whether it exceeds the MCL). TheWR@s applied to each

level to generate a conditional cumulative distribution function.

The optimization program must compare reduced data-set resulke tbaseline to
determine accuracy and build the cost-accuracy trade-off cuUB%&S now relegates a
data point redundant only if without it, the baseline map can be pragedwystructed.
Another step away from kriging involves both global and tracking messafrrelative

bias and mean squared error (MSE).

The method for selecting the well locations to keep or remove ell3TS is a similar
approach to local kriging except it substitutes global regressioghtse These local
weights computed as a weighted linear combination of known data valuedoical

neighborhood are a weight diagram or vector. Similar to globginkriweights, the
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weight diagram is accumulated and averaged to determine and tleéa highest

contributing wells in the reduced data set and removing the others (Cameron, 2004).

In the GTS User’'s Guide, a Time Slice Analysis is providetime periods which are
initially set at four weeks. GTS also requires determinadioan array of coordinate
pairs where spatial estimates will be estimated. The s&p requires choosing a
bandwidth as mentioned above, to estimate the site map. Base mapegaed that
allow the primary means for determining spatial redundancys iShinapped with the
multiple indicator local regression (MILR) whose local reg@ssiomponent is LWQR
(Figure 3.8). The Optimal Sampling Network mode identifies wéiist may be
redundant and generates Spatial Diagnostic Graphs such as fngurie 3.9. The user
assigns removal cut levels to create the optimal samplingorietwi he outcome of the
process is generation of a Redundant/Essential Well Location Halotst color coded

(Figure 3.10) (AFCEE, 2005).

3.3 THREE-TIERED APPROACH

A three-tiered approach for LTMO was developed to combine a gdueditavaluation
with that of temporal trend and spatial statistical analy3éss is a system that has been
apparently adapted from Parsons who was credited with developing ancappgrat
evaluated and optimized long-term monitoring programs at charadesies with an
executed active LTMO program. A decision algorithm is typicapiplied to arrive at

the optimal frequency of monitoring and proper spatial distribution.
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Monitoring network design has revolved around applications of the followingither

of two problems with monitoring plans and networks:

1. numerical simulation and optimization for detection monitoring at landfills.

2. ranking methods such as geostatistics in the design if monitoringnkstvor site

characterization.

The three-tiered evaluation first identifies potential opportunfitesL.TMO. Factors
include plume migration information, chemical concentrations, hydtmgaphy,

locations of potential receptors, and the rate and direction of the plume movement.

The second tier is temporal trend analysis which can beie&dngraphically (Figure
3.11) or statistically with Mann-Kendall statistics. Trends plotted as contaminant
concentrations over time or contaminant concentrations versus downngrddi@nce.
Incorrect conclusions about plume stability can be overcome wiibtista procedures.
Note that Mann-Kendall is well suited and requires as fefoastest points are needed
and test data can be adapted for seasonal variations. A taéisticsS can be calculated
for each well with the following equation. A positive trend inddsaincreasing and a
negative indicates a decreasing trend. The results may leadim] if the temporal data
from individual monitoring wells is serially correlated only whdata is collected more
than quarterly (which is not the case for Vance data). It &gasting to note that the
three-tiered method incorporates a flow chart or “algorithmitiiize the results (Figure

3.12) (Nobel, 2004).
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Figure 3.11. Conceptual Representation of Trends, Confidence Factors, andtevels
Variation to lllustrate Potential Concentrations Over Time (Nobel, 2004)
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The third tier utilizes kriging for spatial statisticahadysis. Nobel comments that
geostatistics is based on the idea that values of a vaaahdeations close together are
more similar than those farther apart. Fundamental to tkine iglea of semivariance or
the spatial dependence between samples defined by the followusgian and as

demonstrated in Figure 3.13

v(b) = 1/2n *sumg(x)-g(x + b)]?

Where:
v(b) = semivariance calculated for all samples at a distafrcen each other
gx) = value of the variable in sample at location
gx + b) = value of the variable in sample at a distam®m sample at
locatiorx;

n= number of samples in which the variable has been determined.

The semivariance is defined as half the average squared miiebetween two control
values. Least squares methods are used to fit a theoretical mtood=lculated
semivariance points since an irregular spread of points normabyltge for

concentrations for every point on an LTMO site.

A total weighted COC must first be calculated and represkeatsum of each point and
its concentration divided by the COC cleanup level. A commesoifivare package is
used to develop a semivariogram model, ultimately arriving ak“statistics” of highest

to lowest indicator concentrations.
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The semivariogram models were used in a kriging system wdrexewell at a time is
removed to determine the degree of spatial uncertainty fér ‘®aissing well.” Wells
are then ranked according to both changes in the median krigmdpedadeviation or
amount of information that the well contributed toward describingadpdistribution of
concentrations of the total weighted COC indicator. Candidatesefiooval are those

providing the least information (Nobel, 2004).

3.4 MAROS BACKGROUND

The MAROS 2.2 software evaluates plume and well information in thase phases as
presented by Ling et al., 2004. While not purely statisticaltiiizes Mann-Kendall
(nonparametric) and linear regression (parametric) trend sesalyith a coefficient of
variation. (Aziz, 2003). The first phase is that of evaluating Biformation and
historical test data to determine local concentration trends andderavplume status
overview. The second phase is that of developing optimal sampéing pt minimizing
wells while the third phase will assess data sufficienchefgerformance of the future
monitoring plan in meeting remediation goals. (Ling, et al., 2004 idea is reduce

the number of wells and test information based on a tolerable uncertainty (LE332)e

The first phase prepares consolidated information and data thatéeeguired inputs to
the successive two phases. It provides the Mann-Kendall and teg@&ssion results
and moment analyses that indicate overall characteristlos.réeBults will be shown later
in Findings and Conclusions. The second phase of MAROS analysissutibnceptually

simple and computationally inexpensive optimization methods to remove redunda
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monitoring wells, as well as recommend new sampling locationsdeligsmine a future
monitoring frequency. The detailed optimization analysis uses¢leibay method and
Modified Cost Effective Sampling (CES) method to determine dp&gmal sampling
locations and frequency. The third and final phase utilizes pomgysss to obtain
additional information on the statistical sufficiency of samplotgns for individual as

well as for a group of wells. (Ling, et al., 2004).

The Delaunay triangulation method is used to determine the numbsangbling
locations required based on spatial analysis of the relative tamper of each sampling
location. This method calculates the network area and average catioanof the
plume using data from multiple monitoring wells. A slope factd) (S calculated for
each well and indicates the value of this well. The process ladke aignificance of a
single well and removes it from the system. It then rfeew@s the system and may find

the well should not be removed based on the impact from the information loss.

In “Well Sufficiency Analysis,” the Delaunay Method is als@dsimilarly to determine
the need for new sampling locations. A high level of uncertaim fthe MAROS
algorithm may be arrived at from the concentration estimaticor éor each triangle
area. The resultant slope factor will be classified adlSkaderate, large, or Extremely
Large. The latter two values will generate the need foadwitional well but are not
coupled to parameters such as hydrogeologic conditions. Therefddéjorzal
professional judgment and regulatory considerations must supplemesstitis of this

analysis.
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“Sampling Frequency Determinations performed by the “Modified CES Method.”
This method is intended to provide the lowest frequency sampling nedimé meets
regulatory requirements based on the magnitude, direction, and ungeraints

concentration trend from available records. It begins by detargiai preliminary

location sampling frequency based on linear regression and Mann-Kandb#es. The
frequency may be change if the long term history of changeowrsto be greater than
the recent trend. The last step reduces frequency by one level if retessuls are less

than %2 the Maximum Concentration Limit (MCL).

“Data Sufficiency Analysis or Power Analysis” provides ahteque for further
interpreting statistical tests by providing the probabilityfinfling a difference in the
variable of interest and the expected sample size of a planl lb@s¢he minimum
detectable difference to be detected. This would provide how mareysamples would
be required in a longer period or an increased sample frequepcgve what is needed
in the event a statistical test cannot prove the mean concantitower than a cleanup

goal.

Typically a hypothetical statistical compliance boundary (HSG®yure 3.14) is
established perpendicular to the plume movement. A plume concentration is projected on
the HSCB using a decay coefficient to determine if theetaxrgncentration is achieved at

the boundary. Such an evaluation for an entire site requires theifglcstrategy;
estimate the concentration versus distance with the decayicemdfffrom plume
centerline wells, extrapolate the concentration over distanceafdr well, and compare

the extrapolations with the compliance concentration (Erdman, 2007b).
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Results will be Attained or Not Attained can be further anayaeer the period of
sampling events to determine which, if any, sampling resulispnolvide a powerful
enough result to provide compliance relative to the location oktteptor or compliance
boundary. In other words, compliance may be met at the boundary but a shorteofiength

time or distance from the plume may result in achieving compliance sooner (EPA, 2007).
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CHAPTER 4

DATA DEVELOPMENT

The process of developing a data-base begins by colldbingecessary site data that
includes hydrogeologic, hydraulic, and stratigraphic informatigmerform the computer
analysis of LTMO models. As mentioned, the initial data ctdié was that needed for
deterministic models with a never-ending appetite for data. Todayde of statistical
analysis requires less data and relies instead on probabdttyods. What follows is a
case study of a data collection effort, the steps that contpassoftware method and an

evaluation of the variances that occurred.

41 CASE STUDY - VANCE AFB, OKLAHOMA

This research began with a report prepared for the purpose of optithizihgng-Term
Monitoring (LTM) Program at a specific military facilitferdman, 2007). That report
was based on results from MAROS to show that the monitoring progssnbeing
achieved and that fewer wells would be needed in the future (EA, 200%He
contaminant-of-concern is TCE, which is toxic and carcinogenicisatieérefore heavily

regulated (IT, 2000).

Collection of data for LTM occurred over two decades of data cmllect The
groundwater monitoring plan now being implemented at Vance AFR&nsprised of

several data inputs from various environmental entities over the 1890isgh 2006.
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The data has been collected to provide the format of data neededfiolsatrogeologic
transport models and continues to be of value for analyzing lomgrtemitoring plans

with newer tools such as the MAROS 2.2 public domain software program.

Analysis by MAROS is performed in three phases. The dvstuates site information
and historical monitoring data to obtain local concentration trendffextetit parts of the
plume as well as the stability of the plume. The last two pldsedop optimal sampling
plans for future monitoring at the site and lastly assessesdtigtical sufficiency of the
sampling plans to reach the intended remediation goals. The ragseffitly reported
methods used for optimizing LTM plans concentrate on temporal sampdisgd on
frequency and spatial sampling based on (Ling, 2004). Temporal tnahia is one of
the most important objectives of water quality programs to adkansion making with
evaluation of treatment regulations and actions to be taken whers@aduenan health
situations arise. Spatial analysis is necessary for detiegrproper water quality so that

the effective number of monitoring points can be determined (Blinkiewicz, 1993).

4.2 DATA COLLECTION AND ERRORS

The processing of data will be discussed with regard to gstedh the quality of output
data from the MAROS model. In order to aid the understanding of th@utem

software, a brief description of the MAROS tools will be provided at this time.

Data had been collected for the CMI and 1Z area TCE shallowescplifmes for only a

few years prior to the implementation plan begun in 2005 by EA Engigeé&cience,
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and Technology, Inc. (EA, 2005). Early attempts to apply the eddteroften resulted
in warnings from the MAROS software that insufficient datsted for MAROS to
continue or that the results could be in error. It has been documented that sources of err
begin in the sampling procedure. One of these is random error donpriecision or
variability in analytical instruments, sampling, or operator incomscses. A second is
determinate or systematic error that includes calibration ,eteonperature changes,
sample extraction oddities, instrument error drift, and even opdvater(Blinkiewicz,
1993). This is certainly relevant with the samples obtained ovay ypears with as
many different contractors and testing labs. Furthermore, sdrttee test data results
used in the Vance EA Vance — MAROS Report (Erdman, 2007a) weraaxbtom
final published site evaluation reports that included summarizedsestbme other data
was obtained from individual lab test data reports while some aigmated from
documented Excel format files obtained from the AFCEE office ghahsors MAROS.
It is with the above nature of varied inputs that results fronMAROS study for Vance
need to be scrutinized carefully. That is, the format is different in thatli@omog reports
contain a single and final representative sample result whereas thpdetis vell contain
all data that includes redundant and often repetitive and simildtsce$f data is going to
be utilized from reports that has reduced the data to its strfplen, then data from lab
reports must also be screened to discard the non-detects andveepesits to create

similarity of input data.

Uncertainty also exists in the hydrogeologic components in and argpindha area. It
has been demonstrated that the Vance geology is stratifiedm@tmingled clay lenses

comprising three separate aquifer levels. The hydraulic deasiics have been shown
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to vary over time which has been reported by various differentcddégtion companies
such as General Engineering (2003, 2004), Kemron (IT Corp., 2003: Shaw, 2003) over

time (Mugunthan, 2004).

4.3 DATA MANAGEMENT

As stated earlier, this paper seeks to demonstrate the effeetrying field test data
results on the MAROS 2.2 output and products. This will address ineten@riods of
test data, selection of a data evaluation period, and organizing the frequeaty. ot his
will also reflect upon the actual MAROS results of the VanE® Aase study involving
two TCE shallow aquifer plumes identified as the CMI and |AsreThe effect of data
setup in the beginning of the MAROS program is critical stheeremaining two phases
and methods rely on it. Data is continually being condensed anch&iedi as the
program steps proceed to the last analysis, “power analysihwalidresses statistical

sufficiency of monitoring plans (Ling, 2004).

This area of the MAROS software involves temporal and spatelysis utilizing the
Mann-Kendall, linear regression, and moment analysis functionshwhit be briefly
described later. Even though MAROS goes on further to evaluaieiexutly of the
monitoring plan, adequacy of wells or need for additional wells, and dédag plume
within the allowed site boundary, this author observed that it is tlembeginning
analysis of temporal, spatial, and moment analysis where the pluanacteristics and

individual site data is formulated for the advanced analyses.
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It is significant to review the nature in which the programssthe input test data. It is
stated in the AFCEE MAROS User Guide that it is preferabl@ necessary to have a
minimum of data such as four test wells with the contaminant-ofeca€0C) or TCE
being reported 4 of the last 6 sampling events. It is moressrsigggested that data for
wells be systematic and timely. However, in the case ofiptauldr scattered test results,
it suggests that interpretation be left to MAROS by selgctn program setting of
quarterly, semi-annual, annual and so forth. This did not necessarilg@@vesult that

is presented in the following brief explanation of the first phase MAROS functions.

Groundwater monitoring data can be imported in various sources, prirdatapase-
format Microsoft Excel spreadsheets, Microsoft Access talplesr database archive
files, or manually entered. Experience with the Vance data Wamous sources led to
the conclusion that the Excel spreadsheet was the simpldsidnd¥linimum data input
is four wells with COC'’s reported and individual sampling locatioith wata from at
least six most-recent sampling events. One author of a MAROS site evakizggested
the user consolidate or “smooth” irregular data. This author&rpretation of this

technique was applied to the Vance data as explained later.

Site Details include seepage velocity and current plume dimensitinsequires the
analyst to split the wells into two zones; source and tail étierlbeing down gradient
from the source wells). The type of contaminant condition, suafjuad NAPL must be
entered. The type and effect of the well must be considered, sude @f a remediation

well or monitoring well in the final analysis.
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Data consolidation is the result of all the raw data that na@ybe regular, or have
duplicates, trace amounts, and so forth. It allows use of annualatieisrbut regular,
segments of time and can be based on one of the following stdtfirameters: median,
geometric mean, mean, and maximum. “Non-detects” can be conteitieel reporting
limit or a fraction or one-half of it. Trace results can lotua values or a fraction
thereof, or all or one-half of the detection limit. Duplicates assigned an average,
maximum, or first value. The resultant reduced data is grdphaiaplayed as a time
series in linear or semi-log plot (as required to emphaseeurve for particularly low

levels and changed in data).

4.4 OVERVIEW OF STATISTICS OR PLUME TREND ANALYSIS

Trend analyses can be performed on contaminant concentrationsviduatiwells and
in plumes. These concentrations are determined to be as followgHer of the two
following analyses to be discussed:

e Increasing - |

e Probably Increasing - PI

e No Trend - NT

e Stable -S

e Probably Decreasing - PD

e Decreasing -D

The three statistical tools used to analyze plume stabilgy Mann-Kendall Trend
analysis, linear regression trend analysis, and moment analybe Mann-Kendall test

can be used with sets of missing or irregular data and a grgledwater constituent.
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The S statistic measures an increase in concentration tréndavgositive value and
decrease with a negative value. The concentration trend is ree@asitin the S statistic,
confidence in the trend, and a Coefficient of Variation (COV)cait be seen in Table 2
for Mann-Kendall statistics that three trend conclusions caacbieved for a positive S
value; I, PI, and NT. A confidence interval greater than 95% avositive S value will

predict an increasing contaminant concentration.

A similar scenario exists for linear regression, which amayzends in data over time
but for only a single groundwater constituent. This analysis sedan the log-
transformed concentration data versus time. The slope from ttvs, ¢he confidence
level for the slope, and the COV of the untransformed data are uskstetonine the
concentration trend. An example of a concentration trend would be as@dsdislope
with a confidence of less than 90% being categorized with Modlr The coefficient of
variation is a statistical measure of how individual data poinisataout the mean and is
otherwise defined as the standard deviation divided by the averagegafive log-slope
is considered Stable with a COV < 1.0 and No Trend with a COV >3e@ Table 4.1

for the linear regression analysis (AFCEE, 2006b).

An Overall Plume Analysis is produced based on the results obtlieesand tail trend
results. Those results are weighted and consolidated so thadlirdetion and
contaminant concentration in the source and tail zones are deterramedch COC.
This, along with the hydrogeologic factors, consolidated trend asabssd location of
potential receptors will allow MAROS to provide a general ojation plan to monitor

the plume in the future.
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MAROS 2.2 APPLICATION

Contaminant Trend Determinations

Mann-Kendall

Mann-Kendall Statistic S Confidence in Trend Concentration Trend
>0 >95% Increasing
>0 90-95% Probably Increasing
>0 <90% No Trend
<0 <90% and COV >1 No Trend
<0 <90% and COV <1 Stable
<0 90-95% Probably Decreasing
<0 >95% Degreasing
Linear Regression
LN SLOPE
Trend Confidence Positive Negative
<90% COV<I1 Stable
No Trend COV>1 No Trend
90-95% Probably Increasing Probably Decreasing
>95% Increasing Decreasing
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Spatial Moment Analysis provides a relative estimate of pluaeilisy as well as the
mass and center of the plume and its spread using the Mann-Kenttadbolegy. This
is applied to the zeroth and second moment analyses to determitrerithen plume
mass and plume size. Spatial moments are calculated usingptigutar areas of the
Delaunay triangulation method. It represents a two-dimensionafeaquhere the
concentration is vertically averaged. Slope factors are alserged to indicate the
importance of a sampling location in further analyses. As meitieadier, Delaunay
triangulation is used to generate an importance factor of for saupling location. The
slope factor represents the relative concentration estimatiors etr sampling locations.

(Ling, 2004).

The zeroth moment is the sum of concentrations for all monitorirty wad is an
estimate of the change in dissolved mass over time. Thigséahn exhibit fluctuating
temporal and spatial values and be sensitive to the frequesaig ahonitoring. Factors
that effect the moment include spatial distribution of the samplelis vover time,
different wells sampled in the network, and inconsistent delineatiothefplume

(AFCEE, 2006b).

The first moment estimates the center of mass in horizontak plirections of xx
(transverse) and yy (forward) directions relative to the moverdented from the
distance from the original source to the new center of noasgidns. This movement
must be considered with respect to the original location of theesafiicontamination as
well as groundwater flow direction and source removal or remediatit should be

noted that seasonal variation in rainfall or other hydraulic corstidas can effect
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spreading or shrinking or transient movement as reflected intaesudpatial and
temporal trends in the center of mass. Plume stability may be indicatedampypreciable
movement or a “neutral trend” as termed by MAROS. Ther@inent trend should be

compared to the zeroth moment trend to fully characterize the plume.

The second moment demonstrates the spread of the contaminant alentéhef mass
in the x and y directions. That is to say, it is measuraetpread of the concentration
about the plume’s center of mass. The second moment reaction shaalchbered to

the Zeroth moment to fully characterize the plume.

45 DATA AND ANALYSIS

The MAROS program needed to see the data in an organized Systemmaat. Several
steps were implemented in the quest to obtain and create datéhéit would operate in
MAROS and that could finally be applied to an actual site. Tleessiected was Vance
AFB to determine if an acceptable level of remediation had bekieved for its shallow
zone TCE contamination. The following demonstrates the process takd
observations that led to a successful application of MAROS td aiteavhile preparing
the “MAROS 2.2 Application for the Shallow Zone Monitoring Optimiaatof DNAPL
TCE” at the CMI and IZ Vance, AFB sites. The situation with Vance project was
sporadic test data collection over years for the two signifid&@E shallow aquifer
plumes. The data skipped years, was not periodic (not quarterly | aataa and was
otherwise separated by such long periods that it was not ref@bénalysis of plume

activity. The following cases demonstrate efforts in pursuinigfaatory analysis and
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the effect on the results. Actual MAROS results from the alopaft report are included

to support the text.

Step I Selection of initial data was attempted using the ERPIMS (&nwiental
Resource Program Information Management System) databasd wghia central
repository of environmental site information provided by the Air FoGmnter of
Environmental Excellence at Brooks AFB, San Antonio Texas. Thasluede has four
separate intermingled subsets of data that are intricateg-ceferenced with test well
and monitoring data, well site locations and significant amounts @fmaftion and data
fields of data. In fact, the author of the MAROS software renended utilizing a
simpler data acquisition method and then using the Excel formastbasier to manage
than the Access format. Incidentally, it was discovered H®aERPIMS database was
not updated so it did not include the latest Vance site data being generatedioy B f
that would be needed to exercise MAROS for the Vance CMI aAcCE plumes. The
available data spanned from 1996 to 2002. The ERPIMS databaseverdaady

updated but not until the EA Report had been drafted in the fall of 2007 (EA, 2007c).

Step 2: Data for the CMI and 1Z sites had been sporadically collezmtedwere found
inadequate for MAROS in early trials performed in Step 1. Apipdica of available
data were then performed by this writer to construct compugefites (which were not
available in the MAROS tutorial software). These wereesssfully utilized to discover
some of the limitations of MAROS which led to the creation anddexy of the actual
minimum size of data entries necessary to create rebaltsvbuld generate meaningful

results other than N/A or not applicable as shown in Step 3 to folldwis led to
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constructing an Excel file that MAROS would accept in the fatstge of loading

available Vance data.

Step 3: Several attempts with the AFCEE help desk to obtain Vaata from the
ERPIMS data base led to receipt of monitoring well test ttatéhe entire Vance area
and included over 15,000 entries of all COC’s. This was provided in dtgesfiles in
Excel format. These were carefully analyzed and filtei@ provide the appropriate
Excel format for MAROS with shallow aquifer wells exhibitifi@E and in respective
CMI and IZ sites. That data set was supplemented by additgstheell sample results
to the Excel file that were collected in the last round of mangowell data sampling
performed by EA in 2005. The following was discovered upon applying thetalata
MAROS. Several occurrences were identified where MAROS pextlueports that
insignificant data was provided to complete processing of s@atéatemporal analyses

or the advanced stage analyses of moment analysis or plume behavior.

Only four or five data points to as few as two were appeanrige reduced data for
each well and were inadequate to generate overall meaningfitsre§ewer than four
sampling events would and failed to generate a Mann-Kendall en@fygure 4.1). This

represents that inadequate data existed in the historical databaskitdeessome wells. It
will also be shown that the small number of test results woulddikequate to perform
moment analyses. Moment analyses were based on the availatiitgal data of only

four testing events with six wells. However, well testingsvperformed at so many
different times that MAROS could not identify at least 6 wedlsted in one specific time

period.
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Well: MW25-05
Well Type: T
COC: TRICHLOROETHYLENE (TCE)

Date

%
)
0,

4.5E-03 .
4.0E-03 -
3.5E-03
3.0E-03 *
2.5E-03
2.0E-03
1.5E-03 -
1.0E-03 |
5.0E-04 -
0.0E+00

Concentration (mg/L)

Mann Kendall S Statistic:

I o]
Confidence in
Trend:

I 0.0%

Coefficient of Variation:

l 0.00

Mann Kendall
Concentration Trend:
(See Note)

N/A

Figure 4.1. MAROS Mann-Kendall Statistics Summary

66



Individual dates represented single groups and even though seeezgbevformed close
in days for instance, they represented groups smaller than 6 emednet processed.
Most sample events thus reflected less than the six wedldedeto generate a moment
calculation and very little of the test data could be procesBadla represented only five
years at that time; 1996, 1998, 2002, 2005, and 2006 for all wells and did phoaigke
the minimum tests for a group or wells thus being insufficiergeioerate meaningful
results. Data could be more thoroughly recognized by groupimgoitrepresentative
time periods by adjusting the test dates to correspond to a speerfod along with

selecting a time consolidation period as shown in Step 6.

Step 4 It had originally been perceived that the data available fitoenpast data
recorded in the ERPIMS format plus the new test resultsfow@ild provide adequate
data sets. It became evident that additional data would be regaited extra effort was
expended to review and extract 2003 and 2004 test data from actuat ledptets. This
was added directly to the Excel database. When errors resulted in th@ Méperation,
the data format was investigated more deeply. It was in@ilr discovered that the
date field of Excel also contained a time of day that wasmptevious data sets. This
was overcome by saving the Excel file to a new Excel fillstiog the time of day, and
returning the data set to an original data screen. Thedfiday was eliminated and the
file operated okay in MAROS. The additional lab test data wasnelotdrom actual lab
test reports from source papers such as General Engineebogataies, Shaw and IT
Kemron Data Evaluation Reports (Shaw Groundwater Monitoring Report, 2003).
Another observation was that the increased data when analyzedR®®I resulted in

fewer recommended redundant wells and less dramatic reductions in frequency.
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Step 5: Lastly, newly available test well data produced by EA ftbenfall of 2006 was
added to the Excel input database. That was applied to MARO®sulted in the most
meaningful output results yet. Prior to this, an initial MAROS analysis wésped on
the Vance CMI and IZ plumes using all accumulated test ddt&dhabeen produced by
EA through only the spring of 2006 (EA Engineering, 2005 and 2006). Thigltesdly
added three structured semiannual test periods to the existibgsatarough 2002 and
more-or less fulfilled basic data needs of MAROS that welsrlg in the past. However,
the results were still limited for the plume analysis or @p&oment Analysis. Note
that by allowing use of all test data points and their separate and respeptisted times
of occurrence, however scattered, resulted in an event or testvitlatthe number of
wells less than the minimum of six required. Time and again ®B3Rcomputed
moment analysis and reported a mass of zero because it couldretdteahe separated
test dates into one representative period or event. This is deateddby the Zeroth
Moment Analysis Figure 4.2Note the separated and individual effective dates that are
responsible for generating a number of wells less than sixvpet gffective date) and
which generate zero estimated mass. MAROS is unable to evahest data points

since most are not seen as a group of four or more wells.

Step 6: Selection of data by selecting a semiannual time perexidted in grouping all
well tests from 1998 to 2006 into their nearest semiannual period wedhred
manually changing the test date to March 1 and September 1. rd@hated in
reorganizing actual test data into the nearest representaéiied that could be
recognized by MAROS thus creating six or more tests thatrgioean estimated mass

for the plume. This is further demonstrated in Figure 4.3 where the summation of wells.
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COC: TRICHLOROETHYLENE (TCE)

Change in Dissolved Mass Over Time

Date
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Data Table: .
Estimated
Effective Date Constituent Mass (Kg) Number of Wells
8/15/1996 TRICHLOROETHYLENE (TCE) 0.0E+00 1
3/12/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 2
3/13/1008 TRICHLOROETHYLENE (TCE) 0.0E+00 3
3/18/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 1
3/20/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 1
3/21/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 1
3/30/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 3
3/31/1998 TRICH 0E+00 2
4/1/1998 TRICH 0E+00 1

Porosity: 0.20
Saturated Thickness:

Uniform: 20 ft

Mann Kendall S Statistic:
218

Confidence in
Trend:

[ 100.0%
Coefficient of Variation:

i 3.26

Zeroth Moment
Trend:

"Note less than 6
wells has zero mass”

Figure 4.2. MAROS Zeroth Moment Analysis, Lack of Mass
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COC: TRICHLOROETHYLENE (TCE)

Change in Dissolved Mass Over Time

Date
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Data Table: :
Estimated
Effective Date Constituent Mass (Kg) Number of Wells
9/1/1996 TRICHLOROETHYLENE (TCE) 0.0E+00 1
3/1/1998 TRICHLOROETHYLENE (TCE) 1.7E+01 17
9/1/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 )
3/1/2002 TRICHLOROETHYLENE (TCE) 1.5E+01 19
3/1/2003 TRICHLOROETHYLENE (TCE) 1.6E+01 19
9/1/2003 TRICHLOROETHYLENE (TCE) 1.1E+01 19
3/1/2004 TRICHLOROETHYLENE (TCE) 7.1E+00 19
9/1/2004 TRICHLOROETHYLENE (TCE) 2.6E+01 19
3/1/2005 TRICHLOROETHYLENE (TCE) 1.4E+01 16
9/1/2005 TRICHLOROETHYLENE (TCE) 1.7E+01 16
3/1/2006 TRICHLOROETHYLENE (TCE) 1.3E+01 17
9/1/2006 TRICHLOROETHYLENE (TCE) 1.8E+01 17

Porosity: 0.20
Saturated Thickness:

Uniform: 20 ft

Mann Kendall S Statistic:

[

Confidence in
Trend:

| 91.3%

Figure 4.3. MAROS Zeroth Moment Analysis, Estimated Mass
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exceeding six in the “Number of Wells” column calculates a total egtthmagss of those

wells.

Step 7: Another source of error is due to differences in hydrogedlgiarameters. For
instance, the thickness of the shallow zone is generally understbedréaighly 20 feet
thick while the saturated layer varies from 7 to 12 feet rea6ite 12, 24, and 25 wells.
Figure 4.3 demonstrates a significant decrease in the zewmtlemh estimated masses
(kg) of the CMI at 10 feet versus the greater masses repattad20 foot saturated
aquifer thickness as shown in Figure 4.4. The assignment of depth is obviously isimplist
since it has been recorded that the depth of aquifers at Vanes s@ificantly as does
the hydraulic conductivity. Interestingly, the computed values offitekeand second
moments remained unchanged as might be expected since they u&hzedral and
spatial data not connected to concentration parameters. Howektter MAROS
analyses of sufficiency and degree of natural degradation wieeted where

degradation and mass parameters are involved.

The variability of processing and assimilating input data asugsed have a significant
effect on the outcome of recommendations by MAROS. However, the data is used
in creating Delaunay triangulation for plume concentration chexiatics is used in the
advanced methods of MAROS in developing optimal sampling plans andsiagses
statistical efficiency of those plans. The figures as predehere indicate that the
management and interpretation of the input test data is highly deypenme the person

who is evaluating it. Only a slight change in the dates of testing can turinatata
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Change in Dissolved Mass Over Time

Date
P P P P> PP PP

S S S P S S
R \&{'} & & & K R &”‘ pagR

1-4E+01 1 1 1 1 1 1 1 1 1 1 1
.
1.2E+01 -
1.0E+01
= .
.
2 8.0E+00 s -
@ .
£ 6.0E+00 - - *
=
-+ -
4.0E+00 %
2.0E+00 -
0.0E+00 g *
Data Table: :
Estimated
Effective Date Constituent Mass (Kq) Number of Wells
o/1/1996 TRICHLOROETHYLENE (TCE) 0.0E+00 1
3/1/1998 TRICHLOROETHYLENE (TCE) 8.5E+00 17
9/1/1998 TRICHLOROETHYLENE (TCE) 0.0E+00 2
3/1/2002 TRICHLOROETHYLENE (TCE) 7.4E+00 19
3/1/2003 TRICHLOROETHYLENE (TCE) 7.8E+00 19
9/1/2008 TRICHLOROETHYLENE (TCE) 5.7E+00 18
3/1/2004 TRICHLOROETHYLENE (TCE) 3.6E+00 19
9/1/2004 TRICHLOROETHYLENE (TCE) 1.3E+01 19
3/1/2005 TRICHLOROETHYLENE (TCE) 6.8E+00 16
9/1/2005 TRICHLOROETHYLENE (TCE) 8.7E+00 16
3/1/2006 TRICHLOROETHYLENE (TCE) 6.5E+00 17
9/1/2006 TRICHLOROETHYLENE (TCE) 9.1E+00 17

Porosity: 0.20
Saturated Thickness:

Uniform: 10 ft

Mann Kendall S Statistic:

[

Confidence in
Trend:

[ 913%

Figure 4.4. MAROS Zeroth Moment Analysis, Reduced Mass
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generating “no” trends and lack of concentration of mass, i@sentative statistics
with values that can be judged by regulators and others as meetingagg@atediation

goals.
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CHAPTER 5

METHODOLOGY AND PROCEDURES

The goal of this research topic is to utilize existing compuatedeling software and
methods in evaluating the fate of DNAPL contaminant removal anchization of the
sampling system at a select industrial site (Vance AFBal@kha). The principle
models are MAROS and GTS which were developed by the U. Scokte Center of

Environmental Excellence in San Antonio, Texas.

51 METHODOLOGY

Most methodology in the past has been aimed at tracking the movencamtaminated
groundwater aquifer plumes and has been extended to determine tim eixte
contamination and concentration with time. Due to the high cost iekamtgineering
methods of remediation and the associated management of maintasingell data
collection, it has become increasingly necessary to optimizeetioeirces available in an

attempt to reduce the costs of extended monitoring.

First of all it has become a practice to utilize naturakcpsses to achieve the required
remediation followed by extended monitoring. It is this new approaathhids spurned
new computer models and analysis programs that utilize newstatjstical forecasting
which lead to often reduced frequencies of monitoring solelyotdiren the predicted

results of reaching attenuated lower levels of contaminatiors affproach of Monitored
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Natural Attenuation or MNA offers more complete site remealiatvith lower cost and

exposure to humans and the ecology (AFCEE TT, 2003).

At Vance AFB (as well as other sites most likely in the 1988d 1990’s), MODFLOW
and MT3D had been used to predict solute and transport of contaminantsvel{dwe
newer programs contain more powerful features and are being prapoaedlyze the
Vance sites. MAROS or Monitoring and Remediation Optimizatigisteédn was
developed by the Air Force Center for Environmental Excellence (2@0f®)
Geostatistical Temporal/Spatial Algorithm Software (GT@&s\Wointly developed by the
United States Air Force Center for Environmental Excellenceldgeal Survey and

MacStat Consulting Ltd. (Aziz, 2003b: Prommer, 2003: Aziz, 2003).

5.2 GEOLOGY AND HYDROGEOLOGY OF THE VANCE AREA

Prior to proceeding with the analysis of Vance AFB, it ipanant to review the site
characteristics and the unusual features. The geology ofdaesaunderlain by bedrock
of the Permian age Bison Formation that consists of brown shaleilestdne inter-
bedded with minor sandstone. Groundwater sources are limited andjualigr is poor
from Permian bedrock aquifers. The underlying geology is compridagers, one with
a maximum thickness of 120 feet with shale and siltstone “imgefed” grading
laterally from one to another (Figure 5.1). The formation dips tavést-southwest at
about 40 feet per mile. The area is not tectonically active arglgndicant surficial

faults or folds are known to exist.
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Figure 5.1. Vance AFB Geologic Cross Section
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Weathering of the underlying bedrock has resulted in the uppermbdays®si being
comprised of brown, silty loam material up to 2.0 feet thick. Unsaturatedaseiimostly
red to brown lean clays overlying red shale. The lower boundahedghallow aquifer

is usually encountered at 15 to 20 feet below land surface (BLS).

Two generalized water-bearing zones have been identified iratbe&s The deepest
aquifer is confined at a depth of 60 to 80 feet and is overlain hicla $hale unit that
prevents any hydraulic connection to the upper water-bearing zooeve Ahis are two
intermingled transmissive zones termed intermediate and shaflatwadry in thickness
and depth between 5 and 40 feet. Generally, the Shallow Zone or Agyéestarts at a
5 to 10 feet depth and may reach as far as 20 to 30 feet (Vance, 20(4fer testing in
1991 revealed this to be unconfined and recharged by precipitation anfbrénehe
focus of investigation since it was expected to be the fiostrglwater unit to be affected
by migration of any contaminants released in the area. Testimylf4 initial monitoring
wells was conducted in the shallow zone and at depths of 18.5 to 31.5 feet an
represented silty and sandy clays underlain by silty bydraeied silty sandstone units
as well as lateral thickness variations of individual units, itidieaof overall

permeability of the shallow aquifer.

Across the entire plume area of study, the elevation of grourgl wvahsmissive zones
varied from a range of depths from 7.5 to 29 feet, to that of 9 teet2 This variance is
due to two factors. The first is due to the low permealilitgubsurface formations at
this location and a second is due to drilling methods, which introducedrisigp along

the boreholes. Both of these factors were suggested as contrittuexgyemely slow
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groundwater inflows into the monitoring wells. A more permeabhel\ysalay material
was discovered near the bottom of the wells. While depth off theeaquifs estimated
between 20 to 22 feet, correlation to gamma ray logs suggested ¢éheflihe shallow

aquifer occurred at 30 to 45 feet (Vance AFB, 1994).

Over time, groundwater level measurements and well depths wssrecallected for
various wells throughout the project area and were categorszekdadlow, intermediate,
and deep. Groundwater contour surface maps changed little 282 but were
generated based on the semiannual sampling events that gearedey the Permit as

modified in June 2001.

The aquifer thickness was originally derived from AQTESOLYu(ger test analysis
software) for twelve extraction wells in the area of sites24, and 25 of the CMI area.
This provided an average saturated upper level or shallow aquifergbgckh 10 ft. The
Theis solution was also used to calculate the transmissivitystmdtivity for each
extraction well (IT, 2000a). The seepage velocity for the medslcalculated using the

Darcy velocity and an example is shown for the CMI area in Table 5.1.

5.3 REMEDIATION STRATEGY

The historical perspective of remediating chlorinated solventd).& government
contamination sites has implemented not only Monitoring Natural Adteanuor MNA
but another approach termed Enhance Passive Remediation by thari@epaf Energy

or DOE.
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CMI Site

Groundwater Flow Movement Shallow Aquifer

Date Flow Velocity per Zone Hydraulic Gradient
V = feet/year | = ft/ft

May 2005 21.20 0.0061

October 2005 18.11 0.0052

Average 19.66

April 2006 18.11 0.0052

Oct 2006 17.07 0.0049

Average 17.59

Average 2005-2006 18.63ft/yr.

Table 5.1. Shallow or Upper Saturated Zone Site Specific Parameters
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These strategies are based on natural and sustainable probessedl tlegrade and
attenuate contamination. It first requires verifying and esitngdbe existing attenuation
capacity at a site. Second, it needs to be determined if teuation capacity is

adequate to attain regulatory limits within a certain physical distance

Environmental remediation technologies take several forms spafiomghighly active
physical removal of contaminants to that of simply waiting riatural processes to
perform. This is demonstrated in Figure 5.2. From left to rightmethods speak of
invasive techniques such as aggressive in situ chemical destrte passive baseline
pump-and-treat in the middle and non-invasive or simple MNA (Chaj2€l(2}). Vance
AFB has utilized many examples of non-natural attenuation technologiashighly

active pursuit of contamination cleanup efforts over almost 20 years.

Natural attenuation is a concept involving a balanced conveyance terandal process
of contaminants from groundwater systems. This is demonstratedyuneF.3 and
identifies those input and consumption properties. Advection may be rddpofusi
expansion of a plume over time if contaminant loading exceeds remmalanisms.
This would be the case in which enhanced plume remediation techniques beoul
applied. Conversely, if removal mechanisms exceed the contamindimgothe plume
will contract. A plume is considered stable when the loading andva&a mechanisms
are equal These three states of a contaminant plume (stgidedang, or reducing )

form the regulatory basis for utilizing MNA remedial strategy (Chap&l004).
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highly non-

invasive R invasive
Source f;P R_ Ezh . f;d ) Monitored
Remoyal assive Remediation Natural
Excavation .
In Situ Chemical Destruction Hydraulic Manipulation Attenuation
Thermal methods Phytoremediation Dispersion
T Bioaugmentation Advection
Interdiction Fertilization Sorption
Pump and Treat Passive Permeable Treatment Systems Degradation
In Situ Bioremediation In Situ Bioremediation Volatilization
RecirculatingWells Plant Uptake

Permeable Treatment Systems

Source

Figure 5.2. Contaminant Remediation Technologies
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Contaminant Loading Natural Attenuation Capacity

NAPL Dissolution Dispersion (Dr)

Desorption Advection (Ar)

Groundwater Flow Degradation (Br)
Sorption (Sr)

(Vr)
Pr

Volatilization

Figure 5.3. Schematic Diagram of Contaminant Loading and Natural Attemuati
Capacity in Groundwater Systems
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5.4  MOBILIZATION OF DNAPL

Before describing the mechanics of MNA processes, it issseey to present the nature
of a nonaqueous phase liquid (NAPL) or the chemical and physitaleti€es between a
hydrocarbon liquid and water. NAPL’s are hydrocarbons that do nailviss water
but rather appear as a separate oily phase whose movement in the subsurfadlézicont
by gravity, buoyancy, and capillary forces. Free-phase or mbldilRL released at the
surface forces itself into the soil-aquifer matrix due to bgthtic pressure. Upper levels
in the unsaturated zone may release vapors into the air or velatismall blobs or
ganglia may snap off the previous NAPL body and become trappedds py capillary
forces (Bedient, 1994). While a physical interface exists legtvileese, compounds in
the NAPL may solubilize into groundwater. This, in effect, producseguation where
the non-aqueous liquid has effectively become an aqueous phase inyswvonds. To
further define the nature of NAPL's, it is known that the specific gravith@tbmpound

determines if it is dense (s.g. > water or 1.0) or light (s.g. < water or 1.0n@¢-1891).

These are further defined as DNAPL (dense non-aqueous liquids) orLLNigRt non-
aqueous liquids). The dense liquids can move downward past the waterandble
penetrate hundreds of feet into the saturated zone (Chapelle, 208#hplA scenario is
a DNAPL release that and travels vertically in the vadose and eventually is found in
isolated residual globules held by capillary forces. This rekidaturation will be
leached or solubilized when water percolates through the vadose zemehirlg can also

be created by rising and falling water table levels.
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Important DNAPL fate and transport parameters follow.

e Fluid density or mass per unit volume. This delineates immisbydeocarbon
from LNAPL and DNAPL

e Viscosity is the resistance to flow due mainly to molecut@resion which is
inversely proportional to temperature. Hydraulic conductivity of poroedgia is

function of both density and viscosity.

K = kpg/pn where, K= hydraulic conductivity, k = intrinsic permeabiljiys
fluid mass density, g = gravityy = dynamic absolute viscosity

e Solubility where organic chemical partitions into the aqueous phase.
e Vapor pressure is how readily organic chemicals vaporize.

e Volatility is a measure of the transfer of the compound frgoreaus to gaseous

phase.

e Interfacial tension constitutes distinct interfaces betweeAPINand water, and
between DNAPL and air. The force of attraction of the iatemolecules and
those on the surface of contact can increase to a point wherentwiscible

liquids are less likely to emulsify.

e Wetability is the affinity of soil for fluids and the organic ppa The wetting
angle of 90 degrees determines wetting fluid; > 90 degreeNAPD, < 90
degrees is the fluid, and at 90 degrees neither fluid is atirdote¢he solid

surfaces.
e Capillary force determines magnitude of residual saturation.
e Pore size distribution/initial moisture content directly affects #pllary forces.

e Stratigraphic gradient induces a lateral flow of the DNAPL that neay different

direction than groundwater flow.
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e Ground water flow velocity affects dynamic pressure and visémuags of the
groundwater acting on the DNAPL.

¢ Residual Saturation is the volume of hydrocarbon trapped in the piaEse to
the total volume of pores or the saturation in which NAPL is immzsdliby

capillary forces.

e Relative permeability is the ratio of the permeability of laidf at a given

saturation to its permeability at 100% saturation. (Huling, 1991).

Basically, DNAPL is defined in two different phase distributioridie unsaturated soil
zone is comprised of four physical states: air, solid soil, watel immiscible carbon or
DNAPL (Figure 5.4, a & b). Contaminants exist as vapors, andainsgrb or partition
onto soil, dissolve into the water according to solubility, and be mirez® dense
nonaqueous phase liquids. Six pathways of phase distribution cankesSURE can

partitioning onto or between the soil, water, and air. In the fousepbgstem (Figure
5.5, a & b), TCE is immobile and migrates only in water in thigloes zone or in the gas
phase or volitilization in the unsaturated zone. Any of the gaseousousjuer

immiscible phases occupy the pore resulting in a maximum of #imadtaneous flows
of the three phases (Huling, 1991). The mobility of this system idypmoderstood and
is often deferred to the two-phase flow associated with the-fivege system to be

explained shortly.

The physical, chemical, and biotic degradation properties of DNAdPe the basis of
their threat to the quality or water since they migratelyeadio the saturated zone and

penetrate deeply and along substantial horizontal paths.
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Water

DNAPL

Figure 5.4.a. Four Physical States of DNAPL

Four Phase System

Partition Coefficients
K = Soil-water partition coefficient
KH = Henry's Constant

Al r K' = DNAPL-water partition coefficient
N § K" = DNAPL-air partition coefficient
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Figure 5.4.b. Distribution of DNAPL Among Four Phases in Vadose Zone
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Figure 5.5.a. Three Physical States of DNAPL

Three Phase System

DNAPL
N

AN
K' N

Water — = Soil

K'=DNAPL-water partition coefficient
K = Soil-water partition coe

Figure 5.5.b. Distribution of DNAPL Among Three Phases in Vadose Zone
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Rates of movement are dependent upon viscosity, density, and intetéasiain which
contribute to the hydraulic conductivity of the chemical. Even thounghDINAPL's
exhibit low solubility (in microgram per liter range or PPB)ey typically exceed

drinking water standards.

DNAPL constituents slowly partition into the liquid phase creatmgdissolved
contaminant plume and the solvents do not easily or rapidly degradealbyotor
abiotically. Large mobile plumes form and migrate significistances from the source
of the release. Partial degradation of chlorinated solventsam@sfdrm the products into
“daughter” products such as vinyl chloride or DCE that pose aegreatironmental

concern (Kavanaugh, 2003)

DNAPL distribution and migration are controlled by two primarylggic conditions

one being an unconsolidated porous media and the second being a consolidated
(fractured) porous media. The latter media undergoes advectgparain the fracture
network while the unconsolidated type demonstrates mean hydraulduativity, the
degree of hydrologic heterogeneity (varied distribution of values Hydraulic
conductivity, and extent of anisotropy and spatial correlation. Thapdarmeability
values in the x and y direction differ from the z direction. The ¥drydrogeology more
closely resembles the unconsolidated type in that the specifiéequiave been
identified as shallow, intermediate, and deep. Fractured medsoidefined as large or

small matrix porosity with the Vance being the second type.
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The typical aquifer encountered at Vance AFB is that of ipgesed and interlocking

clay lenses that comprised several layers or aquifers @g). These were originally
thought to be a typical isotropic vadose zone of clay and shale rogbosdion. It is
estimated that the performance of these aquifers is sitmilaock aquifers. Those
aquifers contain fractures of various lengths and apertures HAPDs are subject to
complex pathways and follow a non-Darcian flow in open pathwaysaccidh flow in

the porous media filled cracks. Flow is affected by low permeeahbly with pathways of
varying permeability that allow preferential migration of DRIA into low permeable
formations. Over time at the Vance installation, it has beewbsed that the greatest
activity was in the upper or shallow zone as opposed to the intermediate and deeper zone

that demonstrated lower and fewer concentrations of contaminants.

Again, the second scenario of DNAPL distribution is that of a thhese system of soill,
water, and air occurs when a DNAPL reaches the groundwhteraiad contaminates the
water directly. This is considered the case at Vance dmecgdseous phase no longer
exists. It will continue to migrate vertically downward untilexhausts the residual
saturation or reaches a lower permeable formation where ibegliin moving laterally
(Figure 5.6). Contaminant distribution is termed “residual saturdti There are only
three pathways of phase distribution. The presence of a percheuneabée shale and
clay layer will intercept the vertical migration of DNAPAnd may present multiple
discontinuous layers or an intermediate and deep layer (Huling, 1981 as the case at
Vance. Lateral migration will continue although the directionaddgmt of the

impermeable stratigraphic unit may differ from the normal groundwater flo
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Figure 5.6. Perched and DNAPL Reservoirs
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5.5 AQUEOQOUS or DISSOLVED PHASE

The contaminant or DNAPL takes on its aqueous attribute when cangid®th its
intermingling with the subsurface soil and its dissolution chaiatitey as discussed
above. The mass of dissolved hydrocarbons is demonstrated by the m@imrent
observed from well tests over time. These represent the masatafminant that is held
in the soil irrespective of the non-aqueous phase. That contaminateprasentative of
the amount of pore volume occupied by the residual NAPL blobs trappedivwdual
pores. The concentration of In essence, this comprises what wouldviethde
considered as the “dissolved phase” of a plume. This constitutesnthenimg portion of
the original mass of contamination that has not yet dissipatezfjtdatory limits. It is
“locked up” in the soil-aquifer matrix and must overcome thoseefotwlding it there

which could also include the methods of degradation and plant uptake (Bediant, 1994).

5.6 FATE AND CONTAMINANT TRANSPORT MECHANISMS

Distribution of organic contaminants in groundwater and the soiesystould result
from functions of MNA. The transport concepts follow that retatenigration and fate
of contaminants in a hazardous waste site plume (Bediant, 1994). ifblesie dilution
and dispersion, retardation from sorption onto aquifer sediments, advection zediktj
and plant uptake. They also can occur with some degree of bidldggpaadation and
transformation. The latter could be considered dependent upon the typbgrofoxic
chemicals and possible interaction with microbes in the soil. Tdrerehis report will
also seek to consider aerobic and anaerobic decomposition for the acbamwals

(Huling, 1991).

91



Advection demonstrates movement of the contaminant along with moving grdendwa
related to the seepage velocity. Advection is defined as thagevénear velocity, or
seepage velocity, is the Darcy velocity divided by the affeqiorosity or the pore space
through which water flows. Tortuosity or the path through water arsahds tends to
create a seepage velocity that is less than the flow absuapic velocities of water

molecules moving along individual paths (Bedient, 1994).

Diffusion is related to this in that a solute in water moveayaffom an area of higher
concentration to a lower concentration and in the absence of veldtity peculiar to
clays with very low velocities. Dispersion is an effect gjreater degree. Advective-
dispersive transport is created when a fluid is moving at an gevdinaear velocity
creating an advective front in which some mass advances andagsneThis is defined
as producing a dispersed breakthrough curve caused by hetetiegethe to friction in
a pore channel, velocity changes in channels of flow, and variable pagthde
Dispersion can occur in the longitudinal (y) and transverse xgtins and in front of
the advective front. The normal shape of a representative mendional plume is

shown in Figure 5.7a. as compared to advection only in Figure 5.7b (Bediant, 1994).

In the later discussions of newer MNA software evaluatiorlyioal tools, it will be
seen that the mechanisms above are simulated in the preditttmmtaminant plume

movement and concentrations of contaminant.
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Source

(b)

Figure 5.7. (a) Advection and dispersion. (b) Advection only.
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It will be noted here that a mathematical model being appli¢higcsite to describe the
fate of chemicals is discussed primarily as that of th&-drder rate. Generally, a
mathematical model of solute transport would consider advection, dspefkid

sinks/sources, equilibrium-controlled sorption, and first-order rate oaactiRuiz, 2001).

“RC = _0o (Du' _6_C) - i(viC) +3;C8'k(C+QLC)

ot oX; ( 0X, ) 0X, 0 0

This would include the retardation factor defined as:

R=1+ phC
6 C
where: C is sorbed concentration MM
C is dissolved concentration, ML
v; is seepage velocity LT
D; is dispersion coefficient ™"
G is flow rate of fluid source or sink
Cs is concentration of the fluid source of sink flux ML-3
A\ is reaction rate constant' T
0 is porosity

pp IS bulk density of porous media
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In general, these would be the terms that would need to be appliedcfiemical to
determine the fate and transport. Types of reactions and other atifmmmspecific to the
constituent are discussed further below (Zheng, 1995). A compound gicseover
time at a particular rate in which biodegradation will be ddpat upon environmental

conditions and substrate concentration.

The Monod equation defines this as,

Hw = Mmaxs / K + S (52)

Where u = growth rate of microbe, S = substrate concentraiigR, maximum growth
rate of microbe, ans = a constant defined as the value of & at0.5 umax (Appendix

7, 2006).

While a zero-order rate constant exists that does not alfffectate of biodegradation as
the substrate is biodegraded, the first-order rate constant isadynosed due to the

lack of points and ease in which these values are calculated (Aoronson, 1997).

The above is represented by the first order decay model wihies itato account natural
attenuation processes to include biodegradation, hydrolysis, and sorptipanthx 7,

2006).
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C = CeX° (5.3)

where: C = final concentration of stressors

Co

initial concentration of stressors

K

decay coefficient

tc = travel time

Retardation is a coefficient that takes into account the nadttenuation process of
sorption which increases the travel time of stressors. Catulaf the retardation

coefficient for dissolved organic constituents follows:

R=1+ pb Ky

n
where: pb = final concentration of stressors
pS = initial concentration of stressors
n = porosity
Kq = decay coefficient
Koc = sorption coefficient
foc = fraction of total organic carbon

R=1+ L2s (1 —=n) Ko foc

N
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Upon reviewing the mechanisms for DNAPL activity, Data cdibe; and methods of
analysis, the next step will be to review an actual casg studquifer contamination by

TCE in two plumes.

5.7 MAROS CASE STUDY AT VANCE AFB

As mentioned earlier, the following will demonstrate the MAR®&Igsis features for

the specific case study of Vance AFB, for plumes shown in Figjize Collection of

data for LTM spanned nearly two decades. The groundwater mogifgen now being
implemented at Vance AFB is based on several data inputs fronusa@ntities over the
1990’s through 2006. The data has been arranged in the format neededfyo satis
hydrogeologic transport models and continues to be of value for analgriggerm
monitoring plans with newer tools such as the MAROS 2.2 public domaiwaseft

program.

Over several years, various interim remediation measuresingtaded at Vance AFB to
prevent the migration of contaminated water. One of these wasotistruction of a
central groundwater treatment facility on the north boundary of té Zone. The
facility was designed to treat and process contaminated teateach an acceptable level
virtually free of contaminants prior to disposal into the CityEwfid sanitary sewer
system. Interceptor collector trenches with extraction wedlse constructed essentially
at the head and tail ends of the current Site 07 plume. The head wdng&ructed in
1998 to prevent migration northward from Sites 03 and 08 and the secondasall

constructed to prevent migration into the Boggy Creek tributary rfearnorthern

97



boundary of the base. That location was also designated as thementtent of the
project boundaries to be included for analyzing plume characteretidsachieving
remedial goals. More recently, in 2002, an Oklahoma DEQ-approvezttoer measure
was implemented that included extraction wells and a cut-off waBeries of extraction
wells was installed in an attempt to achieve the remediati@s giescribed in the
approved Corrective Measures Study (CMS). This effectivebarsged the existing

contaminated area within the boundary of the north end of the basethieoportion of

the plume that had extended outside the base. Those wells within the base walky gene

identified as part of the Corrective Measures Implementation MI) Area. As
required by the 2001 Permit, that specified 34 wells to recemplsay and testing on a
semiannual basis for 10 years followed by sampling at an annuslfoasine following
15 years (Figure 5.8). The area north and outside the base boundagntified as the
Industrial Zone (1Z) and was comprised of 42 previous wells that indlweds from the
Installation Restoration Program Sites LF-03, SS-07, and LF-08 (Fag@ire The Permit
modification in March 2003 allowed that wells be considered as havtagned
remediation at regulatory limits when a well had demonstratdthd achieving six

consecutive sampling events with the COC detection below the MCL.

A regular frequency of semiannual sampling events began in 200befdZMI and 1Z
areas by EA Engineering, Science, and Technology, Inc., in acoceradth the ODEQ
Resource and Conservation Recovery Act (RCRA) Post Closure PeieA; 2006 &

2007)
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For several contaminants in the CMI and 1Z, performance monit@magcompliance
monitoring are principally directed at the shallow hydraulic zameTCE to control the
hydraulic plume, monitor plume reduction, and reduce the number of mogiteells.

Only TCE was recommended for this analysis since it was thg peisistent
contaminant remaining that exhibited more than scant data asvdasced by all other

contaminants in 2005.

To apply MAROS methodology at the Vance CMI and IZ sites, thieviolg site
parameters were considered. Only TCE was determined to be aoceptable
regulatory levels and only consistent in the shallow zone. Simg@ itdlegraded product
of TCE, cis-1,2-DCE was excluded from consideration due to verg lddtection
exceeding the MCL. Some high levels of metals were detéctedata was severely
limited in number of wells sampled and data sets such that itdwmilimprobable to
analyze with MAROS. Some high levels of VOC’'s such as bexnzéoluene,
ethylbenzene, and xylene were detected in the deep, intermedidtshallow zones. It
should be mentioned that the geology is comprised of intermingled andl slojte of
clay-shale resulting in three zones of water. The deepestiased from the upper two
zones that vary in thickness from 5 to 40 feet with the shallow ramgeng from 5 to 30
feet. The VOC readings were few and sporadic indicating peséchievement of
attenuation. There was not enough data to support or warrant MAR&t&oN, i.e.,

less than the required four sample events with at least six wells.

Flow velocity measurements of the shallow aquifer in the af¢he two major plume

areas of the CMI and IZ appeared to decrease from abouybihf2002 to less than 18
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ft/'yr in 2006. This is partly due to the varied site areas andmntis of flow due to
assigning larger plume areas and extending the permit boundeidegtt the acquisition
of additional property on the north side of Vance AFB. The 2005-2006 fltoeitres
were determined over the length of the entire plume (about oheili@) whereas the
earlier evaluation tested just the current “source” of the pl{lemgth of about 1,000 ft.).
Although it appears the rate decreased from 2005 to 2006, the avertdge cite or
18.63 ft/yr. was used in the MAROS analysis. Similarly, achfiel.67 ft/yr was applied
to the IZ area (EA, 2006). The saturated thickness of 20wfastused, based on the
general knowledge that the shallow transmissive zone monitorilhgaeveens placed at

between 10 and 30 feet in depth.

5.8 OVERVIEW STATISTICS - PLUME TREND ANALYSIS

The Mann-Kendall Linear Regression Analysis requires a numnamount of data to
determine a trend with confidence. That data is considered todogetvs of quarterly
data but as few as four wells with four or more sampling eveiniis measured
concentrations over six most-recent sampling events) may suffice overall result of
information weighing the results of both Mann-Kendall and Lirfeagression temporal
trend analyses are shown in Figures 5.10 and 5.11, respectively. BigQrepresents
the wells in the CMI area while Figure 5.11 represents thedlls. The “S/T” column
indicates those wells that were located in the source (Si) ¢F)taf the plume. It should

be noted that the Information
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WELL NAME SIT TREND RESULT
MW23-34 S D
MW12-33 S S
MW12-35 S S
MW12-37 S S
MW23-05 S NT
MW23-14 S S
MW12-09 S NT
MW12-43 T D
MW12-45 T I
MW24-05 T NT
MW25-15 T S
MW25-01 T I
MW25-02 T D
MW25-04 T S
MW25-05 T S
MW25-07 T D
MW25-08 T NT
MW25-09 T D
MW24-04 T D

Figure 5.10. Results of Information Weighting —CMI Site
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WELL NAME SIT TREND RESULT
OB-04 S NT
N7-45 S S
OB-02 S Pl
N7-23 S S
OB-03 S NT
OB-13 S S
OB-16 T D
OB-08 T I
OB-06 T S
OB-22 T PD
OB-17 T D
OB-18 T NT
OB-19 T S
N7-70 T S
N7-69 T D
N7-65 T D
OB-21 T Pl
N7-41 T S
N7-40 T NT
OB-05 T NT

Figure 5.11. Results of Information Weighting — IZ Site
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Weighting step not only provides an opportunity for weighting linesewfience
previously explained, but it can also summarize the resultshef Mann-Kendall and

linear analysis results without weighting as shown in the above figures.

Those results show that wells with fewer than four sampling evemitd not be
evaluated as indicated by “NT” (no trend) which amounted to four wetlse CMI and
five in the 1Z. The remaining 15 of a total of 19 CMI wellstrwsufficient data
demonstrate that 13 wells have Probably Decreasing, DecreasiStglde trends and
two wells show an Increasing trend. The remaining 14 of a ¢6tdb 1Z wells with
sufficient data demonstrate that 12 wells have Probably DéwgedSecreasing, or

Stable trends and three other wells show an Increasing or Probably Incressiing t

5.9 RESULTS OF INFORMATION WEIGHTING - 1Z SITE

The center of the CMI plume is increasing in concentration iratéa of well 12-45. It
is presumed that this is due to the presence of an extractibrabeeit 50 feet away.
Another extraction well is located about 200 feet west. Togethese textraction wells
draw the groundwater or plume flow towards well 12-45 and creatlsea dhservation
that the plume is increasing in concentration when it is actsafiging the contaminant
being collected and sent to the groundwater treatment facigll 25-01 also shows a
slight increase over time from 5.9 ug/l in 1998 to 12 ug/l in 2006, whashatso be due
to a similar effect from the extraction wells. This nwyrelate with the discovery of
movement of the apparent center of the plume towards the wesiscassed in the

following section.
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Moment analysis is not as straightforward as it could be dugetgarying evolution of
contaminated sites in both the CMI and 1Z areas and methods to ctivgnol The
contaminant concentration that was the basic core of the now-definédai@i site
originated at the area of well 12-01 which measured 9,600 ug/l in 199& (weber 12-
09 very nearby to the east registered 1,640 ug/l). The aredl|dt2a&5 registered over
10,000 ug/l at the same time. This may be due in a large pi#stlozation next to an
extraction well. As a result, these two wells were includesioarrce wells in the moment

analysis.

The contaminant plume defined as the IZ area originally stenfrasd contamination
activity in the areas of sites LF-08, LF-03, and the earlg sitd.F-07 which were on the
north end of the Vance AFB flight line or otherwise at the nbaindary of the original
air force base. The installation of an interceptor collectrench at the corner of
Cleveland Road and Fox Drive essentially separated the origieaB Sind Site 8 wells
from the area north of Site 07. Therefore, an evaluation of TCEperésrmed only on
the wells north of the collection trench identified as N7 and OlBw&as shown on Figure
4. Plume activity determined by test well data analysObi clearly indicated that the
original plume on the north end of the base had split into two sepamdtalistinct
plumes. The larger segment of the plume identified with wellamé¥ OB had reduced

in concentration in a south-southwest direction.

The CMI site evaluation indicated reasonable stability of t6& plume. The zeroth
moment analysis showed a probably increasing (PI) trend or sgcrealissolved mass

for TCE. This may be due to the extraction well activity aroumtl %2-45 which is
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collecting and thus creating a false reading of an increasedrdostton of contaminated
groundwater as explained earlier. The grouping of test wetlsel CMI area resulted in
a range of 16 to 19 wells over time so indicated the increasen@tadue to varying the
number of wells tested. It therefore seems to reflectnitrease of concentration at well
12-45 and is supported by a high confidence in the trend. The zeroth nuintleaitlZ
plume indicated no trend (NT) with a low confidence trend indicatingeed for more

monitoring.

The first moment, or center of mass of the TCE plume in the @Md$, indicated by
MAROS to be probably decreasing (PD) which suggests that ntercef mass was
somehow closer to the source contrary to the groundwater movement apgbsite
direction. This is likely in some degree to the current concemtratiound well 12-45
for TCE that had increased over time while the overall plumeedsed in size. The
mass initially indicated a movement away and then began to caorigisetreat toward
the source especially in late 2006 when the concentration decicrasedatically at well
12-45. It is noted that those movements were somewhat cyclicalvared directly
related to groundwater flow. (AFCEE, 2006a) They could relate to dtydnaulic
events such as rainfall. It too is supported by a high confidertbe inend. The first IZ
moment indicates increasing distance from the source to the a#nteamss and is

supported with a very high confidence trend.

The second moment, or spread of the contaminant about the center afverasse in
both x and y directions, demonstrates a Stable condition for the ICMEiy direction

and Decreasing in the x direction. This moment provides a meastire sifiread about
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the plume’s center of mass or a narrowing in the width easttw@le maintaining about
the same length north-to-south. The Mann-Kendall statistic Wglstly negative
indicating slight movement towards the source which is consistémtha first moment.
The high confidence trend is also consistent with the Mann-Kendall lanear
Regression spatial trend analyses which showed many tals Wepposite and
downstream of source wells) with Stable, Decreasing, or Proliaétyeasing TCE
concentration trends. The second IZ moment indicates the shift inaheé y direction
of plume spread is relatively stable although the confidence trer8.& is somewhat
low. The Mann-Kendall S statistic of -9 is slightly negatarel indicates a contracting

plume.

Plume Analysis or overall plume stability was evaluated witihgteng of wells by
manually selecting the setting of “Medium” which assigned equpbrtance to each
well and each trend result. This means that weighting wilbaatpplied. The weighting
method or lack of it will be equally applied to all wells in theenario. The Monitoring
System Category Screen produced during the MAROS processing, mothee
following results. An overview of the CMI area indicated the seuegion trend was
Stable; the tail region trend was Stable; and the moment enmlgicated the plume was
most likely decreasing. Thus, the overall monitoring intensity meeds Moderate. An
overview of the IZ area indicated the source region trend demtmusina trend (NT)
while the tail region trend indicated it was stable (S) wiikemoment analysis indicated
the plume was most likely decreasing. Therefore, the oveaatlitaning intensity needed

was Moderate.
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These results are compatible with the discussion and resulke dflament Analysis.
The TCE plumes shown in the 1998 and 2006 TCE contours maps indicated the plume
was relatively stable but diminishing within the same basimataurs as the original
plume. The area north of center exhibited an abnormal increasingnt@imn near
CMI well 12-45 while the periphery was definitely decreasingcdise of this increased
concentration, the analysis suggested monitoring might be needed ladoegst side of
the plume, as discussed later in this paper. Since the second niuareaied the plume
center of mass was retreating slightly toward the source wedleemed likely that
monitoring that edge would be appropriate in case the direction cshiffdhe actual
movement was an anomaly since the groundwater flow was in the wppasiction.
Again, it may be conjectured that the movement was not actual bekyraereflection of
the increased concentration at 12-45 which could have been creédlag simulation of

increased concentration toward the south-southwest.

The results so far are based on knowledge from the MAROS appili¢catgeneral site
trends but do not provide any recommendations concerning changes tdathieshesd

sampling frequency. These overview statistics will be used toesupplement the
detailed statistical analysis in the following section fotl wedundancy and sampling

frequency with resulting MAROS well-by-well recommendations.

5.10 DETAILED STATISTICS - OPTIMIZATION ANALYSIS

During the history of the CMI and IZ sites, many well locasi were sampled including

monitoring wells, peizometers, extraction wells, and two inteoceptnches. Many are
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no longer in use due to various reasons. Of those remaining monillsy there are
19 CMI well locations and 20 1Z well locations included in the anslf@i this report.
These were used in the following MAROS sampling optimizationyaisalfor well

redundancy and well sufficiency, sampling frequency, and data sufficieatysss.

The object of the well redundancy analysis that incorporates tlairizyy Method is to
identify wells that may be removed from the sampling systetnhidae little impact on
further well characterization. Such analysis was conducted omantid 20 wells,
respectively, in both the CMI and 1Z for the period 1996 through 2006. Al§were

considered candidates for removal.

The Access module results indicated that the following CMIsa@bluld be eliminated:
12-09, 12-33, 12-43, and 23-14. This is due to a relatively low slope faatandlicates
the relative importance of the well is low. Note that the ogttnon analysis Delaunay
diagram shows only 17 of the original 20 wells in the test aisalys peripheral well 23-
34 is not recommended for elimination possibly because it may bleché monitor the
apparent movement of the plume center of mass towards the souttitestonsistent
with the need to monitor such activity that well 25-01 remains ompéehi@hery for the
same reason. The Optimization Result Delaunay diagram foashéekting event (51st
event in the total number of monitoring well test events) does not inalaliie 25-05 or
25-08, which were on the periphery and reported very low contaminatiors leredl

below the MCL (Figure 5.12).
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Figure 5.12. Delaunay Optimization of CMI Area
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The Access module results indicated that the following 1Z wells could be eledirfaB-
06 and 0B-08. The optimization analysis Delaunay diagram does not gjftvwokthe
20 I1Z shallow TCE zone wells; N7-23, N7-41, N7-45, N7-70, OB-02,083B0B-04,
and OB-05 (Figure 5.13). This suggests they failed to generatefaldpes due most
likely to the low number of detected low concentration valuegonUselecting the
optimization feature of MAROS, a separate graphic is gemkrttat shows the

remaining wells less the deleted wells

A comparison of protocols follows regarding recommendations for discodtiegéng

of monitoring wells in the CMI and 1Z zones. In their Februdfp7 letter, the
Oklahoma Department of Environmental Quality approved 25 wells ate/AFB for
discontinued testing since their MCL levels were lower thatM@eé for six consecutive
testing periods. Note that the only shallow well included in tlti#rlehat compared with
MAROS was MW OB-08. The letter listed many additional shallmils (23-34, 24-04,
25-5, OB-17, OB-22, N7-23, N7-41, N7-45, N7-65, N7-69, and N7-70) for discontinued
testing. That criterion was based on test results for theopie six testing events that

had resulted in contaminant levels below the MCL.

Comparison of the ODEQ recommendations and the wells omitted durihBQO8
optimization for the 1Z area indicate general correlatiorhwite southern band of wells
OB-03 to N7-23. Those wells basically reported as having attagraeddiation below

5ppm for TCE. The MAROS Delaunay Optimization figure was created with thells
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Figure 5.13. Delaunay Optimization of 1Z Site
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demonstrated detectable levels of TCE even though they were bedoMGL. Other
wells that had recorded lower numbers of detects became candmtatiedetion. The
wells on the north side of the North Site Interceptor Collectendm continue to report

enough detects to warrant MAROS to maintain them in the optimization analysi

Well sufficiency analysis also incorporates the Delaunay methatttermine the need
for additional or new sampling locations was performed for the satseof monitoring

wells used above in the CMI and IZ. Areas within the monitorind metivork that are
determined to contain large uncertainty for predicting contaminamtentrations are
identified with a recommendation for additional sample locations. Meations are

sometimes required to complement and offer greater predictabiign applying the
triangular network calculations and enhance the spatial plumaateazation. It cannot
recommend new locations on the periphery since it would lackitimgytilation needed.
However, note that the Delaunay triangulation map for the CMI itelica “Large”

estimated slope factor (SF) level in the southeast corner ohohéoring area between

wells 23-34 and 12-37 (Figure 5.12).

The MAROS sufficiency analysis tool utilizes Delaunay tridagon in creating relative
concentration estimation errors at sampling locations. Firslpge factor value is
obtained by comparing an estimated concentration of a well atetiter of triangular
vertices, to measured concentrations. Each Delaunay trisngtsidered a potential
area for new sampling locations. For this, an average slome fadte is estimated by
dividing the each triangle into three parts and then calculdimgverage of the product

of each slope factor and area divided by the sum of the areamgdlar areas between
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wells that register high are candidates for new sampling poifke Large estimation
above indicates the need for an additional monitoring well locatidms niay be due to
uncertainty of adequate testing results when considering theaficstsecond moment
predictions. The Delaunay triangulation map for the 1Z indicatd4sarge" estimated SF
level in the northeast corner of the monitoring area betweeh @&21 and N7-69
(Figure 5.13). Again, these are considered irrelevant with regpdotv contaminant
levels and the proximity to the wells that are effectively meporting TCE

contamination.

Sampling Frequency Analysis by the Modified CES Method is peddrto evaluate low
MCL'’s of TCE in this case and provide recommendations for continuingodified the
current testing frequency. From the historical analysis aatli&ion of all constituents
of contamination at Vance AFB, it was concluded in 2002 that theapyi@OC would
be TCE. This was entirely due to the number of concentrationsdhtihued to exceed
the MCL and the overall toxicity of the volatile organic compound. &asampling
frequency recommendations were default recommendations resultmglfia that was
otherwise insufficient and not recent. It was also due to hdessythan the six data
records for a well even with the availability of the moser#@005 and 2006 data which
could have provided a minimal requirement of 4 of the 6 records needadctmn.
Without the needed data, conservative results are generateAR@®Isuch as quarterly
rather that annual or annual rather than not at all, which shouldebeate for wells

recommended for deletion.

The sampling frequency analysis for 19 sites in the CMI is based on semiannuailtiata
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but two wells are recommended for annual sampling, with two wgelisterly. The
sampling frequency analysis for 20 sites in the IZ is based omsenal data. All but
two wells are recommended for annual sampling with two wellsteplyarand one

semiannual. Note that, of those, 0B-05 is recommended for elimination.

Data Sufficiency by MAROS is performed with the statetipower analysis tool in
order to assess the sufficiency of the current monitoring pldatis respect to the
difference between the mean or observed concentration and tHatoeg cleanup goal
of less than 5 mg/l. The result indicates the progress alt@neneeting the desired
remediation at a hypothetical statistical compliance boundarZBiSThis is defined as
the boundary where remediation of a COC groundwater contamination react
attainment. Furthermore, it provides an analysis and recommendatiterms of
increased monitoring to attain regulatory levels of contaminationnidividual well
cleanup. The normal distribution assumption was the recommended modeygestead
that CMI wells 23-05, 23-34, 25-08, and 25-15 had reached attainment. ndlysia
concluded the following 1Z wells had reached attainment: N7-45, 2)Bx0d OB-22.
Status visualization is provided in Figures 5.14 and 5.15. Note thla24v8b had been

summarily discounted since no data was collected in 2003 and 2004.

Possible attainment was evaluated from a hypothetical statisompliance boundary
(HSCB) which was estimated to be Fox Drive for the CMI anel Boggy Creek

Tributary for the 1Z. The distance along the centerline of the CMI plume fromadise
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down-gradient well to the most down gradient receptor (HSCB) iitieetion of flow
was estimated to be 1040.0 feet. Flow was estimated at NNE7.6r degrees
counterclockwise from the beginning well. The distance along thiertiee of the 1Z
plume from the most down gradient well to the most down gradieept@c(HSCB) was
estimated to be 1-ft. Flow was also estimated at NNE ord&fjBees counterclockwise
from the beginning well. Attainment appears to have been achievied ktest sample
events for both the CMI and IZ sites as shown in Tables 5.2 and 5.3 basedai
distribution. However, non-attainment is indicated previously for sksampling
events. Due to the erratic history of cleanup status varyitweba attained and not
attained, one should err on the side of caution and continue samplampasmended by

other portions of the MAROS analysis.

Regression coefficients at the HCSB for the CMI ranged frd@5E-03 to -3.88E-03
and with confidence percentages greater than 95% (Table 5.4). f@mlysampling
events in 2005 and 2006 offered enough data to estimate plume centelessions.
Considering the distance from the most down gradient well to atordg-ox Drive for
CMI) of 1,040 feet, projected concentrations at that point were a&stihat 1.1E-5 mg/I

or well below the detection limit of 5 mg/l.

Regression coefficients at the HCSB for the 1Z ranged from -338&st sample event)
to -7.47E-4 but with confidence percentages as low as 78.5 % (TableThiS)utilized

the five wells above for the IZ analysis. Use of many cknéepoints offered a greater
number of regression coefficients but they are limited in valuausecof the confidence

coefficient values. Considering the distance from the most down gradierib\aell
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Groundwater Flow Direction: 67 degrees Distance to Receptor: 1 feet

From Period: Sample Event 1 to Sample Event 37
9/30/1997 10/1/2006

gil:tztﬁi‘:u :I\;\II':'TSI Well Distance to Receptor (feet)
N7-69 1.0
N7-70 39.1
OB-22 5755
N7-40 628.5
OB-08 818.3
OB-19 1373.9
OB-05 2030.6
OB-13 2513.6
OB-04 2878.7
The distance is measured in the Groundwater Flow Angle
from the well to the compliance boundary.

Normal Distribution Assumption

Sample Event Sasr_nple Sample Sample Cleanup - Expecteq
ize Mean Stdev. Status Sample Size
TRICHLOROETHYLENE (TCE) @p Goal = 0.005
Sample Event 27 8 2.40E-03 2.73E-03 Attained 0.820 8
Sample Event 28 13 1.16E-03 2.37E-03 Attained 1.000 4
Sample Event 29 12 6.99E-03 2.08E-02 Not Attained S/E S/E
Sample Event 31 6 1.44E-03 1.10E-03 Attained 1.000 <=3
Sample Event 32 12 1.35E+01 2.25E+01 Not Attained S/E S/E
Sample Event 34 15 2.10E-02 4.45E-02 Not Attained S/E S/E
Sample Event 35 15 2.47E-02 5.25E-02 Not Attained S/E S/E
Sample Event 36 13 2.33E-02 5.13E-02 Not Attained S/E S/E
Sample Event 37 12 1.47E-03 2.55E-03 Attained 0.999 5

Inconsistent
Over Time

Table 5.2. MAROS Risk-Based Power Analysis for Site Cleanup — IZ Site
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Groundwater Flow Direction: 67 degrees Distance to Receptor: 1040 feet

From Period: Sample Event 1 to Sample Event 51
8/15/1996 10/1/2006

Selected Plume Well Distance to Receptor (feet)

Centerline Wells:
MW24-05 1171.3
MW12-45 2089.2
MW12-43 23911
MW12-33 3023.7
MW12-35 3172.2
MW12-09 3374.6

The distance is measured in the Groundwater Flow Angle
from the well to the compliance boundary.

Normal Distribution Assumption

SaTmpIeEvany Sasr_nple Sample Sample Cleanup Power Expecteq
ize Mean  Stdev. Status Sample Size
TRICHLOROETHYLENE (TCE) Cleanup Goal = 0.005
Sample Event 3 3 9.19E-05 6.96E-05 N/C N/C
Sample Event 23 5 3.92E-01 6.38E-01 S/E S/E
Sample Event 28 6 461E-05 8.13E-05 1.000 <=3
Sample Event 32 3 2.14E-02 1.28E-02 S/E SIE
Sample Event 39 4 2.22E-05 1.75E-05 Attained 1.000 <=3
Sample Event 43 3 3.90E+00 2.51E+00 N/C S/E SIE
Sample Event 48 16 3.44E-03 9.79E-03 Not Attained 0.153 >100
Sample Event 49 16 1.87E-02 5.07E-02 Not Attained SIE SIE
Sample Event 50 17 3.83E-03 1.07E-02 Not Attained 0.114 >100
Sample Event 51 17 1.33E-03 4.04E-03 Attained 0.978 9

Inconsistent
Over Time

Table 5.3. MAROS Risk-Based Power Analysis for Site Cleanup — CMI Site
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Sampling Number of  Regression  Confidence in
Event centerline coefficient  coefficient (%)
wells (a/ft)
Feb 2002 6 -3.48E-03 98.9
Jul 2002 7 -3.44E-03 99.8
Dec 2002 4 -7.47E-04 93.7
Sep 2003 4 1.97E-03 90.9
May 2005 7 -1.36E-03 87.8
Oct 2005 7 -1.15E-03 81.3
Apr 2006 7 -1.44E-03 85.2
Oct 2006 6 -3.28E-03 97.3

Note: Negative coefficient is decay of concentration

Table 5.4. Vance AFB IZ Site Plume Centerline
Concentration Regression Results
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receptor at 1 foot, projected concentrations at that point weneadsd at 6.9E-5 mg/l or
well below the detection limit. A risk-based power analysis atdit the 1Z had attained
compliance one foot away from the north compliance boundary beingabk rable

5.5).

The length of the HSCB can be adjusted to allow iterative agml{® estimate the
hypothetical cleanup boundary. It could also provide a longer period oftdirakow
natural attenuation onto the newly acquired northern property on Vari8e ARis was

pursued with success that allowed new construction in the IZ area.

5.11 MAROS RESULTS AT VANCE

The focus of the results of the MAROS report was concentratedeoshallow aquifer
and the predominant persistent contaminant TCE. The data usedNeased from
samples through the years from 1997 to 2006 and was often not consistenms of
frequency. Such periodic updating did not provide a consistent foomavéluating the
long-term monitoring goals imposed on Vance AFB. Continuation of sucplisg has

been recognized accordingly and the high cost needed to be addressed.

The MAROS decision-support software utilized in this report wgended to assimilate
the existing historical data to revise the existing long-tewnitaring plans currently in

place.
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Number of  Regression  Confidence in
Sampling centerline coefficient  coefficient (%)
Event wells (/1t)
Mar 1998 3 -3.41E-03 81.2
Apr 2002 3 7.44E-04 59.5
May 2003 3 -3.88E-03 85.9
Oct 2003 3 1.25E-03 77.4
May 2004 3 -3.63E-03 95.4
Oct 2004 3 8.74E-04 64.3
May 2005 6 1.86E-03 94.5
Oct 2005 6 1.34E-03 84.9
Apr 2006 6 1.81E-03 90.9
Oct 2006 6 2.48E-03 95.2

Note: Negative coefficient is decay of concentration

Table 5.5. Vance AFB CMI Site Plume Centerline
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The MAROS 2.2 software optimization program has been applied to twaimag
collective sites at Vance AFB, the IZ and CMI, to evaluaie single most prevalent
remaining COC (contaminant of concern), TCE (trichloroethyledé)se optimization
results can be supplemented by the following recommendations tazepthne temporal
and spatial monitoring network. The results of the MAROS tempnalysis for this
report are summarized in Tables 5.6 and 5.7. Note that additionalatorreds to the
number of wells recommended for reduction is provided by a recommamdatithe
2001 modification of the final closure plan to reduce a similar numbgelid. That was
based on criteria that facilitated closure of a well when matestrated lower than

minimal MCL contaminant levels for six consecutive sampling periods.

Overview of Statistical Analyses demonstrates that the MAR8el incorporates two
levels of analysis as mentioned earlier for optimizing long-teromitoring plans. The
first is an overview statistical evaluation which follows withiaterpretation of a trend
analysis based on temporal trends and plume stability information. The roleMgirtine
Kendall and Linear Regression methods is to evaluate the tempords tior the CMI
and 1Z well systems. It is interesting that these twoesystare comprised of nearly the
same number of wells (19 and 20) and that sufficient data exmtelBfand 12 wells,
respectively, showing a trend of Probably Decreasing, Decggasin Stable TCE

Concentration trends.
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The Overall Number of Sampling Events: 51

"Recent Period" defined by events: From  Sample Event 18 To  Sample Event 51

4/17/2002 10/1/2006

"Rate of Change" parameters used:

Constituent Cleanup Goal Low Rate Medium Rate High Rate

TRICHLOROETHYLENE (TCE) 0.005 0.0025 0.005 0.01

Units: Cleanup Goal is in mg/L; all rate parameters are in mg/L/year.

Recommended Frequency Based Frequency Based
Well Sampling Frequency on Recent Data on Overall Data
"RICHLOROETHYLENE (TCE)
MW12-09 Quarterly Quarterly Annual
MW12-33 Quarterly Quarterly Annual
MWwW12-35 Annual Annual Annual
MW12-37 SemiAnnual Annual Quarterly
MW12-43 Annual Annual Annual
MW12-45 Quarterly Quarterly Quarterly
MW23-05 Biennial Annual Annual
MwW23-14 Annual Annual Annual
MwW23-34 Annual Annual Annual
MW24-04 Annual Annual Annual
MW24-05 Annual Annual Annual
MW25-01 Annual Annual Annual
MW25-02 Annual Annual Annual
MW25-04 Annual Annual Annual
MW25-05 Annual Annual Annual
MW25-07 Annual Annual Annual
MW25-08 Biennial Annual Annual
MW25-09 Annual Annual Annual
MW25-15 Biennial Annual Annual
Notes:
Final Result

N/C not conducted due to
small sample size 4.

S/E sample mean exceeds

Table 5.6. MAROS Sampling Frequency Optimization Results — CMI Site
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The Overall Number of Sampling Events: 37

"Recent Period" defined by events: From  Sample Event 18 To Sample Event 37

7/27/1999 10/1/2006

"Rate of Change" parameters used:

Constituent Cleanup Goal Low Rate Medium Rate High Rate
TRICHLOROETHYLENE (TCE) 0.005 0.0025 0.005 0.01
Units: Cieanup Goali is in mg/L,; ali rate parameters are in mg/L/year.
Recommended Frequency Based Frequency Based
Well Sampling Frequency on Recent Data on Overall Data

TRICHLOROETHYLENE (TCE)

N7-23 Annual Annual Annual
N7-40 Annual Annual Annual
N7-41 Biennial Annual Annual
N7-45 Annual Annual Annual
N7-65 Annual Annual Annual
N7-69 Annual Annual Annual
N7-70 Annual Annual Annual
0B-02 Biennial Annual Annual
OB-03 Annual Annual Annual
OB-04 Annual Annual Annual
OB-05 Quarterly Quarterly Quarterly
OB-06 Annual Annual Annual
OB-08 Annual Annual Annual
0OB-13 Annual Annual Annual
OB-16 Annual Annual Annual
OB-17 Annual Annual Annual
OB-18 Annual Annual Annual
OB-19 Annual Annual SemiAnnual
0OB-21 Quarterly SemiAnnual Quarterly
0OB-22 Annual Annual Annual
Notes:

N/C not conducted due to
small sample size 4.

Final Result

S/E sample mean exceeds

Table 5.7. MAROS Sampling Frequency Optimization Results — I1Z Site
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The CMI area demonstrates a stable source and tail regionveiQwiee dissolved mass
was increasing and moving toward the source (probably decreasiilg)the spread was
stable. Additional well-by-well analysis was then exercis€dne of two wells that
indicate an increase is MW12-45 which is most likely due to theimprtyx of an
extraction well to the east thus monitoring the increased flawatowell. A second well
MW25-01 is likely a response to the southwesterly movement of theepor the first
moment movement closer to the source. A moderate monitoringgstrat@s thus

recommended for the CMI area.

The IZ area demonstrated a lack of a stable source probablyibatedr by the
reestablishment of a source region as a result of the intexediptonstructed in 1999.
The moment trend analysis for the IZ plume indicates a stable There is NT (no
trend) for the plume concentration although its center moving faftbe the source
(increasing), while the spread of the plume is stable. Itree@mmended to pursue a
moderate monitoring strategy for the 1Z due to the noted inconsestenchis included

the evaluation of the possible need for additional monitoring wells.

Detailed Statistics Modules were provided in the second levelAddR@B analysis which
evaluated well redundancy, well sufficiency, sampling frequenuy,amlequacy of data
collection plans in characterizing a plume. The results of thé &Mlysis suggested
elimination of four wells (12-09, 12-33, 12-43, & 23-14) and two wellstlfer IZ site

(OB-06 & OB-08). Be reminded that these only involve the shallow aquifer.
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A comparison of protocols was provided regarding recommendatiordiscontinued
testing of monitoring wells in the CMI and IZ zones. The Oklahorepaiment of
Environmental Quality approved 25 wells at Vance AFB for discontinesting since
their MCL levels were lower than the MCL for six consecutesting periods. There
was a general correlation in the recommendations from MARW@SOIDEQ except that

there was no indication that the MAROS results ever entered into their decisiossproce

Again, well 24-06 had been summarily discounted since no data wastenllec2003
and 2004. The result from the MAROS sufficiency analysis idedtthe possible need
for one additional well on the southern edge of the plume. This may bé& dhe
interpreted movement of the plume to the southwest. A similart @stdrred in the 1Z
which indicated the possible need for additional wells beyond the epterctrench.
This is likely attributed to a false reading of relative etéinces in very low levels of
contamination. In fact, the results of the February 26, 2007 VancdeiteB eliminated
these wells due to continued low- to nonexistent TCE contaminant.lelieésefore, the

recommendations could be questioned.

Earlier MAROS analyses suggested that MW23-34 should be retaimednitor plume
movement to the southwest direction. During Delaunay optimization, onoigitwells
25-5 and 25-8 were disregarded. The same occurred with wells N77281,NMind N7-
45 in the IZ area. This indicates that an additional MAROSuatian should be
considered without the wells recommended for closure and to exclugekbgsnd the

north interceptor wall.
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The results of the sampling frequency analysis suggested csighdecrease from the
semiannual testing now required. The recommended testing frequerscymastly
annual. Regarding the CMI area, the quarterly recommendation fol MMy was
consistent with the increase of concentration observed at that WeWever, quarterly
testing of two other wells recommended for elimination only nsmhse if the purpose is

to insure that low levels persist prior to actual removal.

The recommended sample frequency for the CMI area was comsistigh
recommendations for the few wells where appreciable measwaiti@minant continues

to be recorded.

The data sufficiency — power analysis provided a positive evatutitat monitoring well
data provides affirmation that attainment has been and can lheedeaicthe compliance
boundary as a minimum. This is consistent with the information provatedosure of
the wells recommended in the February 26, 2007 Vance AFB &stterell as the wells

discounted and eliminated by the MAROS analysis.

The final correlation of shallow monitoring well test resultsgasgs that many more
wells could be eliminated beyond the 13 identified in the February @MEQ letter.

These could include the six wells identified by this MAROS remrMW12-09, 12-33,

12-43, 23-14, OB-6, and OB-8) and possibly MW25-08, OB-02, OB-03, OB-04, and OB-

05 that were discarded in the optimization analyses possiblyodoe¢r MCL levels of

concentration.
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5.12 GTS MODEL AT VANCE AFB

Earlier in this paper, a case study was discussed for VarnBauflizing MAROS. What
follows is an attempt to evaluate the same base data using GiESsame plumes IZ and
CMI are used as shown in Figure 1.2. The same data comprisisgahew aquifer is
included in the format of input data for GTS. In addition, GTS regquivell type, low

and high water levels, well depth, and some other factors not required by MAROS.

In the case of Vance, only the shallow aquifer was being eedlwatich did not require
the intermediate and deep well information. Other informatioengisdly involved
identifying the type of well as monitoring, the aquifer (Vdacare separate as 1Z and
CMI), laboratory validation codes, logging company, and sample preparatides.

These were not directly related to the statistical analysis of theates

Sample data provided by the company marketing GTS included variaufaata site.
In my conversation with them, | learned that the Pease A& wlas comprised of the
conglomeration of wells and data afforded by the installation. iAulsided several

levels of aquifers from a heterogeneous statrigraphy.

The process of evaluating Vance began by exercising the sdatpl@rovided by GTS.
This included almost 9,000 entries for many COC’s. The data evasred to include
only TCE information which reduced the number of data entries to 555 for thel@®ars
through 2002. This operated successfully and produced a final product recdimgha

reduction of wells for Pease, as it should have.
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The next step involved operation of GTS within the parameters of démeev/subject
plumes IZ and CMI. The number of Vance wells at the IZ area was 20 with afth&}
data test entries. Data was substituted into the Pease modsiepnat a time which
eventually duplicated the type of data except for differingasitk well names as well as
the actual data result values. The process of providing a “cldaaset worthy of
applying the statistical methods for this analysis was agamealed based on the
disparate sources of data earlier discussed with Cameronwasisltimately performed
by substituting the Vance data a portion at a time and gestenoperation of GTS. The

following is a discussion of that process.

The data set was entered into the Data Browsing and DatarBxph steps of the GTS
algorithm. The Well Location Map and Concentration Maps werergttefor the site
on Vance (Figures 5.16 and 5.17) which is similar to those from MAR@E&pE that

concentrations are shown as circles varying in size relative to conmantrat

The model proceeded to produce a smoothed variogram (Figure 5.18). Oumtleer
Series Plots were created for seven wells for exampled-tg19 for N7-40. Bandwidth
alternatives were produced for the remaining six wells. gufléi 5.20 for N7-69).
Sampling intervals and frequencies were generated. Four tineeasladtyses were then
performed followed by computing the estimation mesh. The VanbeuAdary file was
created with the corners of the state-plane coordinate sysberts that bounded the
plume. The estimation mesh performed 9 cuts on 20 wells with 1296 nddetal time
to run of zero hours searched zero nodes but increasing the time to 0.%derehed

1764 nodes (remained in processor).
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Figure 5.16 Well Location Map
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COC Indicators were operated at 11 levels with a cutoff from 0.5 to 5700 and a percent of
0.1 to 0.992. Spatial Bandwidth Diagnostics created four (4) outputs, T&. 1Adotal

of 60 Residual Maps were created for the 4 slices and 15 bandwridhiores (Figure

5.21). The Spatial Bandwidth produced 4 bandwidths of 0.30, 0.35, 0.40, and 0.25.
There is an opportunity to change any of the four bandwidths at thisijendComplete

Base maps were created that depict the size if the plume and concentration $F28).

Spatial Diagnostic Graph Data was created for the fims¢ since running these tests.
These are comprised of the Concentration Bias and MSE assatek &robability Bias
and MSE Plots Figure 5.23) that are necessary to obtain cata#s/for the final step to

Compute Sampling Network.

Unfortunately, that is where the software crashed. Once tbblem is solved,

Redundant/Essential Well Locations can be determined.

Further evaluation of the problem mentioned above began by comparitegttfiee with
the Vance file of 1Z data. This revealed that the Vancec@ilgained 19 wells while the
test “Pease” file contained 43 wells comprised of 332 entries.edaklier reduction of
data to 300 entries failed to complete the modeling run. Also, rembdad entries at
the beginning and end of the Pease file only reduced the total nomkelis by three in

either case, thus indicating 40 wells were utilized in that model run.
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As a trial, the Vance IZ data set was doubled to 366 entries. widsssimulated by
duplicating each well group with a suffix “a” and increasingxrend y coordinates of
each duplicate well by 100. This resulted in presenting a dupltdat@my” well

directly northeast of the actual test wells. This is degictehe new Well Location Map
(Figure 5.24). The GTS run was successful created all model suthigh included the
Base Map for Slice 1 (Figure 5.25) and Slice 2 (Figure 5.26).sedims that the
concentration of the increased data set mimics the original data base anagngsarison
appears to reveal. The slice 1 MSE Concentration is shown froah wdais extracted a

cutoff level that was used to create the Redundant/Essential Location igaye (5.27).

While it is not suggested that any other correlation of theset® exists, the figure shows
that the additional data sets did indeed result in completion &M analysis. It is
concluded that the nominal data sets of 183 entries for the IZianeadequate to

provide the data necessary for GTS to perform its functions.

It appears that the UZ data set of 366 entries resulted in20fgedirs of which 23 were
shown as redundant wells leaving 17 as essential. This suggesipdhadisregarding
the “dummy” wells, that the difference of three (3) wells wilobé those not needed in
the original set. This explanation is solely observation only anaidasientific bearing
that can be explained. However, it mimics some of the wellsmége recommended for
removal by MAROS. At this time, GTS cannot be used to predica¢heal number of
wells to be reduced spatially or temporally. Further dathegag to provide the
additional data sets is apparently one course of action to alldvt&Gpredict redundant

and essential wells
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5.12 COMPARE RESULTS of GEOSTATISTICAL MODELS

Of several complete software packages available for anglyzTMO requirements,
three specific models were selected for analysis and disouas they pertain to small
military bases. The results have offered reduction to LTM®&esys as follows
(Minsker, 2004). Nobel reported that the GTS was confirmed to elienit2® of 536
monitoring wells at the Massachusetts Military Reservationatésalreduce the sampling
frequency 40 to 70% generating cost savings of 30 to 63% at threesddse(Nobel,
2004). The intent of this paper was to discuss various optimizatidiodseto support
the intent to further undertake an analysis of the Vance data with the GTighalgorhe
Three-Tiered LTMO approach had been applied to 18 sites (10 to 330 ke 2004
producing reductions in well-sampling events ranging from 13 to 83%eae. Average
reduction was 33% sampling events per year. It is indicated thahizgtion
opportunities are fewer for sites with smaller numbers of wellBhe three-tiered
approach is included in the Roadmap for LTMO prepared by the U.S. Somys of
Engineers and utilizes proprietary software (Nobel, 2004). The @R\Rnodel was
applied to 39 “compliance” monitoring well sites on Vance AFB aesulted in
recommending elimination of five wells or a 13% decrease.querecy was reduced
almost entirely to annual from semiannual for all but five sitea representative 81%
reduction in frequency of sampling. Ironically, it also recommdratiling a few wells
which however was attributed to a false reading or relatierdiices in very low levels

of contamination. (Erdman, 2007a)
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5.13 VANCE OPTIMIZATION DISCUSSION AND COST SAVINGS

The ultimate goal of performing various analyses of contandnataste sites and
following up with test data is of course to eventually determims the original
contaminant affecting groundwater in this case has depletedetelathat is no longer
dangerous to man or living organisms. However, such planned testing frelthe
laboratory testing, and management review and decision-makingamaveontinue to

generate significant costs.

A comparison of the two software programs applied to the VanceQ.€bhcept and the
method applied by the Vance regulators follows. As shown earli@RR®S provided
recommendations that collectively led to removing several morgtaviglls along with
associated reduction in the frequency of testing. The Figure 5.28 gshewSTS
duplicate presentation of wells, those removed or not included by ®BARNd those
eliminated by the Vance regulators. The IZ site was chadser & contains the largest

number of affected wells.

The MAROS process of evaluation includes many disconnectedistdtanalysis tools.
One of those is sampling optimization performed by both Delaunay atessenethods
to predict deletion of and need for more wells. It was noted thegpriesented only 12 of
the 20 compliance wells for the 1Z area and suggested eliminatiagother wells.
Although not determined from software documentation, the reasonifanaiing eight
wells was presumed due to a very low level or lack of detectdbieneeded to generate

or very low level of the COC or TCE. The total number of wells recommended for
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deletion or discarded by MAROS in the IZ area was tenswelln February 2007,
regulators directed deletion of 25 monitoring wells at Vanceititduded nine wells in

the IZ area.

Although speculative, it is nonetheless interesting to include thédtgesf the GTS
analysis in the 1Z area. The well on the lower left of thespaithe real well whereas
that on the upper right is the pseudo well. One should notice therginofadiscarded
wells common to MAROS results. In the 1Z are, a general leoyodemonstrated
redundancy of some wells on the south and north ends of the plume. Thegrkarms
defined by EA in 2007 for concentrations less than 5 mg/l, alselates with the
MAROS defined plume shown in Figure 5.13. The wells north of the cutaffuary

wall have apparently reached a safe remediation level.

Some of the tools in the software programs are labeled witls tefricost but are actually
related to cost in the recommendations that suggest reduced freqfetasging and
removal of wells. Information from EA Engineering for examguggests that reduction
on one testing round for one well could approximate $2,000. It is normaltteetecral
wells at one point in time which provides an economy of scalel, tB&élcost to enter the
site (considering costs imposed by government security pexess military
installations), the time to bail and properly prepare the saatphgy with shipment to the
lab, testing and peroration of the report, and final analysis add upgsheRemoval of a
well from the system represents a similar one-time costhwhianslates to lowering

future costs of well testing.
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In the case of Vance AFB, the temporal recommendation by MARC&ded reducing
the frequency of monitoring well testing from semiannual to annuBhat would
practically cut the cost of the sampling program cost in half. t@Nance model, this
approximates about 27 wells or about $54,000 savings per year. .Furtheecatiesn of
the spatial recommendation to eliminated six monitoring wells stg@aother reduction
of testing costs for twelve annual tests or another $24,000 per yeae tBe MAROS
recommendations are separate and not produced as a qualitative ntepicesdor a
plume, it would be reasonable to avoid taking full credit for this aspet simply base

possible savings on the $54,000 figure.

While the suggested recommendations of the three methods presethesd research
appear to be very different, the final results arrive very ctosthe same goal. For
instance, the Vance decision to eliminate 14 monitoring wells represents $58,008rper ye
cost savings in no longer performing regular semiannual monitoriigeséhg. These
results are not purely coincidental when one realizes the deiare based on statistical
information balanced in the overall equation of variables withrttent to reduce cost

and achieve adequate remediation of the COC, TCE.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

6.1 SUMMARY

The advent of spilled industrial wastes entering the soil andngwater has prompted
intense application of remediation efforts over the past 30 ye&mne of the most
damaging chemicals are those labeled NAPL (non-aqueous phase) lidpaitislo not
easily dissolve. However, a small portion of some such heaviemthtar or DNAPL
(dense non-aqueous) liquids such trichloroethylene enter and dissolveumdgater
aquifers. Many methods of analysis and remediation to include -pnoreat have
been implemented. The cost, time, effort had become increasighlgriand reached a
prohibitive level. Early modeling software programs in the 1980’=e vdeterministic
and stochastic and required immense amounts of data and resourcesate apd

analyze the results.

Efforts to both simplify analysis of plume characterization amdedation activity thus
generated the advent of Long-Term Monitoring Optimization (LTMOhe basic idea
was to rely on less data and with recommendations based on gtiantieptable levels
of risk. The computer models utilize various statistical methtetaming from kriging
that was developed for mining ore to that of artificial intelige using Bayes theorem.
Typically, statistical methods required a high level of siaikknowledge and effort to

manage the computer programs and analyze the results.
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LTMO was developed to allow natural attenuation to the fullegingdut to also provide
reasonable monitoring in an effort to determine when contaminagialsl below an
acceptable regulatory MCL had been attained. It further worddige intermediate
information on the possible reduction (and new wells in certain casespnitoring
wells or frequency of testing. The optimization software intestadistical methods and
tools are all basically controlled by the spatial orieatabf wells and temporal testing
frequency. The U.S. Air Force Center of Engineering Excellspoasored development

of statistical long term monitoring optimization software. ééhprograms were selected

for use but two were public-domain and intended to be useful to environmental staffing at

military installations. Those two were MAROS and GTS th&t faeing acclaimed to be
fairly simple in nature. However, it contains many sta@tmethods which must be
finally evaluated and judged by environmental and regulatory as tovalmdity of

recommendations on continuation of an established LTMO plan.

A test site was selected as Vance AFB which had not et &ealyzed with MAROS or
GTS. The research conducted discovered shortfalls in the da¢stiool that was
compensated by new testing under a current LTMO plan. Vancesdfterelatively
small data set for two general plume areas that exhibited onlgrobematic COC, that
being TCE. It also attempted to utilize GTS with the sama dat that resulted in
producing MAROS recommendations. Difficulty in obtaining the dataor Vance was
overcome through several trials or steps in assimilating anchinigg the data for
MAROS. Results and recommendations by MAROS for Vance wetealways

consistent with actual management of the contaminated plumes on Vance.
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6.2 CONCLUSIONS

For groundwater remediation modeling, spatial and temporal softmackeling of
contaminated plumes has been determined the standard approatihrancies of the
military. The application of MAROS at Vance AFB was sadctiue to its relatively
small size and with the idea that most remediation of other cordata at the deeper
aquifer levels was practically attained. The shallow aquifahe upper 20 feet of a
major portion of the base was being monitored under a current LpM@. The
MAROS program offered simpler statistical analysis with nkt&endall, linear
regression, Delaunay triangulation, and regression power anaysinfiediation. This

paper has presented:

1. That MAROS can operate with minimal data sets with less nrdton than
required by other Long Term Monitoring Optimization Softwarslaswn by the
operation of the GTS software. This supports analysis of swmailities and

geology similar to Vance.

2. The effect of limited well test data from contaminated plunh@®onstrates that
analysis is primarily dependent upon temporal data and frequeineydala must
first be sorted into specific calendar dates of annual, semiannuglaoterly

periods.

3. In comparison to the higher level GTS statistical optimizationraragMAROS
is rated the simplest software to operate. Input data is siregléring only
general site identification, geostratigraphy, and hydrogeologyput lof data is

simplified using the techniques offered in this paper.
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4. As demonstrated by the Vance case, detailed recommendatiorsotiof
optimization software programs did not necessarily correlatetljiravith the
decision of the Vance regulators in reducing wells based on a lowd#Qimes
in succession. However, a generalized comparison of those methods exiggest
they offered a similar overall effect of eliminating monigri wells and

inherently a degree of testing.

5. While the detailed recommendations of MAROS varied significaintdyn the
actions implemented by the regulators, the value of estimat¢dsaasngs was
similar. The value represented by MAROS was $54,000 per yeah whic
compared favorably to $56,000 per year represented by the actionsbiakiee

Vance regulators.

The basis of the statistical LTMO optimization plans and tealyses is not designed or
intended to create exact deterministic conclusions but offeromaeble ideas for
managing the spatial organization and frequency of testing stingxilocations with
contaminated aquifers. It has been shown that even though the sjfjedization
programs utilize lesser amounts of data, uncertainty borne by adgtasition and
management is still an issue. It is subject to statisticafidence and must be kept in
mind when considering the value of the results. Often, regulatorgaimaan opinion
that is well-founded in practical experience that offers anotmeemion of uncertainty
when applied to decisions about attainment of remediation goalsllyFihanust be
understood that the methods of statistical analysis ultimatelybiocemprofessional

judgment and in an ad-hoc approach (Minsker, 2004).
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APPENDIX

(See Supplementary File No. 1)

The following excerpts and information are provided to supplement thanedxprovide
background for the reader.
e Feb 28, 2007 Vance AFB letter to eliminate 25 monitoring wells
e BIOTRANS input parameters from earlier testing at Vance
e Excerpts from Erdman 2007 draft MAROS 2.2 Application “Shallow Zone
Aquifer Monitoring Network Optimization of (Aqueous) DNAPL TCE”
o CMI site with 20-ft thick aquifer
o IZ site with 20 foot thick aquifer

o |Z site with 10 foot thick aquifer
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APPENDIX

(Supplementary File No. 1)

The following excerpts and information are provided to supplement the text and provide
background for the reader.
e Feb 28, 2007 Vance AFB letter to eliminate 25 monitoring wells
o BIOTRANS input parameters from earlier testing at Vance
e Excerpts from Erdman 2007 draft MAROS 2.2 Application “Shallow Zone
Aquifer Monitoring Network Optimization of (Aqueous) DNAPL TCE”
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DEPARTMENT OF THE AIR FORCE
AIR EDUCATION AND TRAINING COMMAND

i & 0 o
Colonel Christopher J. Thelen { 8 V] 2{5_3?

Commander, 71st Mission Support Group
246 Brown Parkway, Suite 230
Vance AFB OK 73705-5036

Mr. Ron Erdman
2500 North 11th
Enid OK 73701

Dear Mr. Erdman

Vance AFB has requested a temporary authorization to eliminate sampling and analysis of 24
specific groundwater monitoring wells located on base from the Oklahoma Department of
Environmental Quality (DEQ). This temporary authorization will provide Vance with sufficient time to
request a permit modification for permanent elimination of these wells from the RCRA Part B Post-
Closure Permit. These wells have shown little or no contaminants of concern for six consecutive
sampling events.

This information is being provided to you because you or your organization is included on the Vance
AFB facility mailing list.

A copy of the request to Oklahoma DEQ is attached for your information. If you have any questions
or comments, please contact Ms. Marilyn Wells at 580-213-6303 or at marilyn.wells@vance.af.mil

Sincerely

C

CHRISTOPHER J. THELEN, Colonel, USAF

Attachment:
Letter to Oklahoma DEQ

cc:
HQ AETC/CEVR
EPA, Region VI



DEPARTMENT OF THE AIR FORCE
AIR EDUCATION AND TRAINING COMMAND

2 6 FEB 2007
Colonel Christopher J. Thelen

Commander, 71st Mission Support Group
246 Brown Parkway, Suite 230
Vance AFB OK 73705-5036

Dr. Saba Tahmassebi, Chief Engineer
Oklahoma Department of Environmental Quality
Land Protection Division

P. O.Box 1677

Oklahoma City OK 73101-1677

Dear Dr. Tahmassebi

Vance AFB requests a temporary authorization of a Class 2 permit modification, in accordance with
40 CFR 270.42(e). This temporary authorization is for the elimination of sampling specific
groundwater wells during the next scheduled event in April. These wells are required by the Vance
RCRA Post-Closure Permit. The list of wells is attached.

We are requesting this temporary authorization in accordance with your letter dated January 22,
2007. The requirements for a permit modification can not be met in time to eliminate the April
sampling event. We understand that this temporary authorization is for 180 days and in order to
permanently eliminate and abandon any of these wells will require the completion of a Class 2 permit
modification. We anticipate the request for the permit modification will be made and a public meeting
will be held in conjunction with our scheduled Restoration Advisory Board Meeting on June 7, 2007.

A notice about this temporary authorization request is being sent to all persons on the facility
mailing list as specified in 40 CFR 124.10(c)(ix).

If you have any questions or comments about the information provided, please contact
Ms. Marilyn Wells at (580) 213-6303.

Sincerely

C)

CHRISTOP J. THELEN, Colonel, USAF

Attachment:
Selected Data Summary Tables

(ol5
HQ AETC/CEVR
EPA, Region VI



Corrective Measures Implementation Sites
Selected Data Summary Tables

Vance AFB, Oklahoma
Water Bearing| Monitor Parameter YOC & SVOC Concentrations (pg/L)
Zone Well ID
MCL® l May 2004 | October 2004 I May 2005 I October 2005 I April 2006 | October 2006*
IRP Site ST-12 -
cis-1,2-dichloroethene < 1.00 0.38J <180 <0.37
Deep MW 12-19 bis (2-ethylhexyl) phthalate 24 <(.53 <0.53
diethyl phthalate 0.60J <0.71 <0.72
trichloroethene <0.45 0.73] <0.45
Deep MW 12-22 | bis (2-ethylhexyl) phthalate 1.2 <0.56 <0.53
diethyl phthalate 29,000° 0457 <0.75 <0.72
IRP Site WP-23
Bromomethane 8.7° <1.00 <1.00 <0.72 <0.72 <0.72 2.5
Chloromethane 210,000° <1.00 <1.00 <0.48 <0.48 <0.48 0.53)
Intermediate | MW 23-22 cis-1,2-dichloroethene 70 < 1.00 0.790J <0.37 0.42] 0.45] <0.37
trichloroethene 5 3.1 2.6 0.59] <0.45
bis (2-ethylhexyl) phthalate 6 % <1.2 <0.53 <0.53 0.69J,B
7 53, All VOCs below MDLs
Intermediate ] MW 23-28 butyl benzyl phihalate 7300° <971 99 041J <14 <14 <14
Deep MW 23-32 bis (2-ethylhexyl) phthalate 6 - 1 <l.2 <0.53 <0.56 0.641,B
acetone 5,500b <5.00 <5.00 207 <0.82 <0.82 <0.82
Shallow MW 23-34 trichloroethene 5 <1.00 <1.00 0497 <0.45 049J
bis (2-ethylhexvl) phthalate 6 .6 9 <13 12].B 29J1.B
IRP Site S8-24
Shallow | MW 244 chioroform 80° <1.00 <1.00 <035 <035 0,631 <0.35
trichloroethene 5 1.59 1.47 0.86J 0.58] - 1.2 0.627J
Shallow MW 24-6 bis (2-ethylhexyl) phthalate 6 <0.62 <1.3 <0.53 <0.53 0.60J
Intermediate MW 24.12 All VOCs & SVQOCs below MDLs
IRP Site S8-25
cis-1,2-dichloroethene 70 481 11 23 9.3
1,1-dichlorothene 7 <1.00 <043 0.51]J <0.37
Shallow MW 25-5 trans-1,2-dichloroethene 100 <1.00 0.397] <0.37 <0.37
trichloroethene S 0.367 J 0.897J 22 <0.45
| bis (2-ethylhexyl) phthalate 6 9;80 : 131 B <0.53 3.0JB
|_Intermediate | MW 25-10 s & SVOCs below MDLs

Notes and Abbreviations :

a Groundwater screening criterion is based on USEPA, National Primary Drinking Water Standards, Maximum Contaminant Levels (MCLs), EPA 2006.

b No MCL screening criferion available. Screening level provided by Oklahoma DEQ for Vance AFB (Referenced from EPA Region 6 Human Health Medium-Specific Screening Levels
Shaded and bold type exceed the constituent MCL/Screening Level
J - Estimated Result. Result is less than reporting limit.

B — Method Blank Contamination. The associated method blank contains the target analyte af a reportable level.

MCL - Maximum Contaminant Levels

MDL - Method Detection Limit

VOCs - Volatile Organic Compounds

SVOCs - Semivolatoile Organic Compounds

< - less than laboratary methed detection level
ug/L - Micrograms per Liter
* April & October 2006 Analytical Data Validation Deemed All Data to be Useable for Comparison to MCLs & Screening Levels.



Industrial Zone Sites
Selected Data Summary Tables
Vance AFB, Oklahoma

Water Bearing| Monitor VOC (pg/L) & Metals (mg/L) Concentrations
Zone Well ID Parameter
MCL"® I February 2004 August 2004 1 May 2005 October 2005 I April 2006* October 2006*
IRP Site SS-07
acctone 5,500° <(0.388 5.8 0.75] <0.82 <0.82 <0.82
1, 1-dichloroethane 1,200° 8.8 477 39 39 6.0 <0.39
cis-1,2-dichloroethene 70 10.6 9.01 6 6.9 7.1 <0.37
benzene 5 <0.010 2.55B <0.39 <0.39 <0.39 <0.39
Ethylbenzene 700 <0.007 0.699BJ <0.42 <0.39 <0.42 <0.42
Toluene 1,000 <0.006 10.2B <0.35 <0.39 <0.39 <0.39
Shallow 7-6 Xylene (Total) 10,000 <0.010 11.98B <0.03 <0.83 <0.83 <0.83
Mercury 0.002 <0.000003 <.0000000472 <0.0000002 <0.0000002 0.000041 B,J 0.000000039 B
Arsenic 0.010 <0.0038 }.022: 0.0082 0.0037 B <0.0023 0.0058
Barium 2 0.13 0.669 0.266 0.116 0.822
Chromium 0.1 <0.0070 0.000928 ] 0.0322 0.0047 B 0.0034 B 0.0638
Lead 0.015 <0.0010 <0.00172 0.0097 0.0029 B 0.00294
Selenium 0.05 <0.0036 0.00795 <0.0026 0.0021 B <0.005
cis-1,2-dichloroethene 70 2.2 38 3.2 1.8 1.8
trichloroethene 5 A8 : AT : g
Mercury 0.002 <0.000003 <.0000000472 <0.00000020 <(0.000027 0.00011 B
Shallow OB-8 A:sf:m‘c 0.010 <0.0038 <0.0224 <0.005 <0.0023 0.0025 B
Barium 2 0.085 0.0586 0.106 0.112 0.069 B
Chromium 0.1 <0.0070 0.00121J 0.00918 0.0108 0.002 B
Silver 180° <0.00060 0.000874 ] <0.010 <0.010 0.0018 B, J
Selenium 0.05 <0.0036 0.0391 0.0108 0.0082 0.01227J
acetone 5,500" <0.388 8.91 <0.71 0.0499J <0.05
Mercury 0.002 <0.000003 <.0000000472 <0.000026 0.000000041 B
Arsenic 0.010 <0.0038 0224255 0.0038 B 0.0064
Shallow OB-17 Barium 2 0.077 0.0283 0.0707 B 0.157
Chromium 0.1 <0.0070 0.000874 J 0.0067 B 0.0236
Lead 0.015 <0.0010 <0.00172 <0.0022 0.0143
Selenium 0.05 <0.0036 0.0391 0.0368 0.017
acetone 5,500° <0.388 4.751 <0.71 16] <082
trichloroethene 5 1.43 1.25 1.2 1.5 0.91J
Mercury 0.002 <0.000003 <.0000000472 <0.00000020 <0.00000020 0.000035 B, ] <0.0000002
Shallow 0B-22 Barium 2 0.089 0.083 0.119 0.0642 B 0.0698 B .069B
Chromium 0.1 <0.0070 0.00139J 0.0113 <0.00082 <0.0025 0.0024 B
Lead 0.015 <0.0010 <0.00172 <0.005 <0.005 0.0026 B <0.005
Selenium 0.05 <0.0036 0.00795 0109: 0.0075 0.0079 0.0062
acetone 5,500° <0.388 <2.29 1.1J <0.82 <0.82 <0.82
trichloroethene 5 4.46 <0.360 <0.45 <0.45 <0.45 <0.45
Shailow NT-23 Arsenic 0.010 <0.0038 <0.00224 0.0076 0.0048 B 0.0029 B 0.0045 B
Barium 2 <0.00050 0.0731 0.278 0.102 0.093.28B 0.126
Chromium 0.1 <0.0070 0.0025 J 0.0299 0.006 B <0.0025 0.0076
Lead 0.015 <0.0010 <0.00172 0.0111 0.0024 B, J 0.0025 B 0.0031
trichloroethene 5 4.21 3.13 | 13 <0.45 <0.45
Arsenic 0.010 <0.0038 04475 004 B 0.0025 B <0.005 0.0044 B
Barium 2 0.02 0.018 0.0568 B 0.015B 0.0289 B 0.0312B
Deep N7-39 Cadmium 0.005 <0.00020 <0.000313 <0.005 <0.005 0.0011 B <0.005
Chromium 0.1 <0.0070 0.0219 0.0456 0.0102 0.0085 B 0.0142
Lead 0.015 <0.0010 <0.00172 <0.005 <0.005 0.0037 B <0.005
Selenium 0.05 <0.0036 0.0152 0.0104 0.0092 0.013 0.0055
acetone 5,500° <0.388 <2.29 1.2J) 1.8J <0.82 <0.82
Mercury 0.002 <(.000003 <.0000000472 0.000029 B <0.000026 <0.000027 <0.0000002
Arsenic 0.010 <0.0038 <0.00224 s 10184 <0.0037 <0.0023 <0.005
Shallow N741 Barium 2 0.12 0.147 0.505 0.0925 B 0.117 0.124
Cadmium - 0.005 <0.00020 <0.000313 0.0021 <0.00023 <0.00047 <0.005
Chromium 0.1 <0.0070 0.000595 J 0.0606 <0.00082 <0.0025 <0.010
Lead 0.015 <0.0010 <0.00172 0.0325 <0.0022 0.0018 B <0.005
Selenium 0.05 <0.0036 0.0152 <0.0026 0.0018 B <0.0016 <0.005
acetone 5,500 <0.388 3.39 <0.71 3.391] NS NS
Mercury 0.002 <0.000003 <0.0000000472 <(0.000026 0.000043 B NS NS
Barium 2 0.089 0.0929 0.103 0.108 NS NS
Shallow N7-45 Cadmium 0.005 <0.00020 0.000669 1 <0.00023 0.0036 B NS NS
Chromium 0.1 <0.0070 0.00251 1 0.0058 B 0.0028 B NS NS
Lead 0.015 <0.0010 <0.00172 <0.0022 0.0025 B, J NS NS
Selenium 0.05 <0.0036 0.0091 <0.0026 0.0038 B NS NS
\ S 3
ATChk L)



Industrial Zone Sites
Selected Data Summary Tables
Vance AFB, Oklahoma

Water Bearing

Monitor

VOC (pg/L) & Metals (mg/L) Concentrations

Zone Well ID TRl
MCL* February 2004 August 2004 May 2005 October 2005 April 2006*% October 2006*
acetone 5.500° <0.388 <2.29 1.2J <0.82 <0.82 <0.82
trichloroethene 5 1.62 2.53 1.9 1.4 1.0 0.571
Mercury 0.002 <0.000003 <.0000000472 <0.0000002 <0.0000002 0.000037 0.000000044 B
Deep N7-51 Arsenic 0.010 <0.0038 <0.00224 0.0082 0.0095 0.0058 0.0252
Barium 2 0.021 0.0701 0.0526 B 0.0199 B 0.0337B 0.503
Chromium 0.1 <0.,0070 0.00615 0.0584 0.0069 B 0.0065 B
Lead 0.015 <0.0010 0.0146 <0.005 <0.005 0.0023 B,J
Selenium 0.05 <0.0036 0.0392 0.0309 0.0277 0.0304
trichloroethene 5 1.29 0.00177 2 1.7 1.4 1.2
Mercury 0.002 <0.000003 <0.0000000472 <0.0000002 <0.0000002 0.000086 B,J <0.0000002
Barium 2 0.1 <0.0738 0.128 0.0593 B 0.062 B 0.0637B
Shallow NT7-63 Cadmium 0.005 <0.00020 <0.000313 <0.005 <0.00023 <0.005 I.1B
Chromium 0.1 <0.0070 <0.000696 0.0028 B <0.00082 <0.0025 <0.010
Sel n 0.05 <(.0036 <0.0281 0.0092 0.0059 0.0054 0.0033 B
trichloroethene 5 1.68 0.781 1.4 0.591] 1.4 <0.45
Mercury 0.002 <0.000003 000004 0.000039 B <0.0000002 0.000042 B,J 0.000000028 B
Arsenic 0.010 <0.0038 0447 0.0067 0.0031 B <0.0023 0.005
Shallow N7-69 Barium 2 0.7 1.18 0.779 0.509 0.305
Chromium 0.1 <0.0070 0.00306 0.0207 0.011 <0.0025 <0.01
Lead 0.015 <0.0010 <0.00172 0.0147 0.012 <0.0017 <0.005
Selenium 0.05 <0.0036 <0.141 0.004 B 0.0027 B 0.0049 B <0.005
All VOCs below MDLs
Mercury 0.002 <0.000003 <0.0000002 <0.0000002 0.000035 B,J <0.0000002
Arsenic 0.010 <(0.0038 <0.005 <0.005 <(0.005 0.0026 B
Shallow N7-70 Barium 2 0.26 0.213J 0.158 0.133 0.324
Chromium 0.1 <0.0070 0.000819 0.0091 B <0.00082 0.0025 0.0179
Lead 0.015 <0.0010 <0.00172 <0.005 <0,005 <0.005 0.008
Selenium 0.05 <0.0036 <0.00281 0.0038 B 0.0024 B 0.0046 B 0.0057
IRP Site ST-08
benzene 5 <0.020 0.729 ] 0.77J 0457 0.537J 042J
2-butanone (MEK) 1,900° <0.204 <.31 <0.19 9.7] <0.84 <0.84
ethylbenzene 700 <0.014 0.689 J 0.527] 0.517] 0.45 ] 0.45]
vinyl chloride 2 <0.116 <0.550 0.61J <0.40 0.44 J <0.40
Shallow 8-2 Mercury 0.002 <0.000003 <0.0000000472 <0.000026 0.000052 B, J <0.000054
Arsenic 0.010 <0.0038 210,027 =0.031 0
Barium 2 0.47 0.35 0.296 0.419
Chromium 0.1 <0.0070 <0.000503 <0.00082 0.0079 B <0.0025
Lead 0.015 <0.0010 <0.00172 <0.0022 0.0092 <0.0017
cis-1,2-dichloroethene 70 <0.042 <0.300 <0.37 0.80] <0.37
trichloroethene 5 <0.037 <0.360 <0.45 0.52 J <0.45 <0.45
Mercury 0.002 <0.000003 <0.0000000472 <0.000026 0.000049 B, J <0.000027 <0.0000002
Deep 8-13 Arsenic 0.01 <0.0038 0.00624 <0.005 <0.005 0.0059 0.0091
Barium 2 0.026 0.0467 00214 B 0.0218 B 0.0468 B 0.148
Chromium 0.1 0.011 0.0243 0.0068 B 0.0176 0.0076 B 0.0294
Lead 0.015 <0.0010 0.00463 <0.005 <0.005 0.0029 B 0.0131
Selenium 0.05 <0.0036 0.0229 0.0393 0.0144 0.0357 0.0301

Notes and Abbreviations :
a  Groundwater screening criterion is based on USEPA, National Primary Drinking Water Standards, Maximum Contaminant Levels (MCLs), EPA 2006.

b No MCL screening criterion available. Screening level provided by Oklahoma DEQ for Vance AFB (Referenced from EPA Region 6 Human Health Medium-Specific Screening Levels 2006).

Shaded and bold type exceed the constituent MCL/Screening Level
NR - No resuit reported for COC

NS - Not Sampled. Results not available due to dry well.

NA - Indicates value not available

J - Estimated Result. Result is less than reporting limit.

B - Meihod Blank C.
MCL - Maximum Contaminant Levels

ion. The

MDL - Method Detection Limit

VOCs - Volatile Organic Compounds

SVOCs - Semivolatoile Organic Compounds

< - less than laboratory method detection level
ug/L - Micrograms per Liter
mg/L - Milligrams per Liter
* April & October 2006 Analytical Data Validation Deemed All Data to be Useable for Comparison to MCLs & Screening Levels.

d method blank contains the target analyte al a reporiable level.



Table 5-7
BIOTRANS - Site 12 Trichloroethene Input Parameters
Vance Air Force Base, Oklahoma

Parameter Parameter Value Units Reference
Type
Spatial Data Model Grid Spacing 106 by 153 ft2 -
Flow Conditions Uniform Flow - -
Groundwater Flow Direction 15 degrees from North Figure 3-1
Hydraulic Gradient 0.006 unitless Figure 3-1
Hydraulic Conductivity 2.8 ft / day USACE, 1991*
Aquifer Thickness (T) 20 ft OHM, 1995
Transport Porosity 0.4 unitless Domenico, 1890
Bulk Density 1.58 g/cm? USACE, 1991
Longitudinal Dispersivity (L) 50 ft See Note’
Transverse Dispersivity 0.1(L) ft ES&T, 1994
Qil-Water Mass Transfer Coefficient 0.0 unitless See Note?
Molecular Weight of NAPL 0.0 g/ mole See Note?
Density of NAPL 0.0 g/cm? See Note?
Immobile Zone Pore Fraction 0.0 unitless See Note®
Mobile-Immob. Mass Transfer Coeff. 0.0 1/ day See Note®
Chemical Data | Initial Mass Fraction in NAPL 0.140 unitless See Note"
Molecular Weight 131.39 g/ mole —
Solubility 1,100 mg/L HRI, 1993
Organic Carbon Partitioning Coeff. 126 mL/g USEPA, 1986
Adsorption Coefficient** 7.56E-02 mL/g ---
First-Order Decay Constant*** 4.19E-05 1/day Howard, 1991
Volatilization Loss Coefficient 0.0 1/day -
Initial Background Concentration 0.0 mg/L =
Point Source
Data See Appendix B
Notes:

The hydraulic conductivity was calculated based on an analysis of weathered zones which is discussed in
Appendix A of the August 1995 Modeling Work Plan.

In calculating the adsorption coefficient, the fraction of organic carbon, assumed to be 0.0008, was multiplied by the
organic carbon partitioning coefficient.

The first-order decay constants (k) were calculated using the equation, k=.693/h.

The variable h is 10X the groundwater half life given by Howard (1991).

These half lives were chosen since BIOTRANS modelling was in the saturated zone.

The longitudinal dispersivity was modified during model calibration from its original, calculated value. Since a
conservatively high hydraulic conductivity was used, a lower longitudinal dispersivity was required to produce
model calibration.

These transport input parameters were not employed since a NAPL was not used as a contaminant source.
These transport input parameters were not employed because the entire pore fraction was assumed to be mobile.

The initial mass fraction was based on past site analytical data.
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TABLE 1

CMI Area

Compliance Monitoring Wells

Well Identification

Water Bearing Zone

Site ST-12

12-9 Shallow
12-33 Shallow
12-35 Shallow
[2-37 Shallow
12-43 Shallow
12-45 Shallow
12-30 Intermediate
12-34 Intermediate
12-38 Intermediate
12-13 Deep
12-19 Deep
12-20 Deep
12-21 Deep
12-22 Deep

Site WP-23

23-5 Shallow
23-14 Shallow
23-34 Shallow
23-21 Intermediate
2399 Intermediate
23-28 [ntermediate
23-32 Deep

Site SS-24

24-4 Shallow
24-5 Shallow
24- Shallow
24-12 Intermediate

Site SS-23

25-1 Shallow
25:2 Shallow
25-4 Shallow
25-5 Shallow
25-7 Shallow
25-8 Shallow
25-9 Shallow
25-15 Shallow
23-10 Intermediate




TABLE 2

Industrial Zone

Compliance Wells

Well Identification

Water Bearing Zone

Site LF-03
3-6 Shallow
3-9 Shallow
3-7 Deep
Site SS-07
7-4 Shallow
7-6 Shallow
7-13 Shallow
7-7 Deep
0OB-2 Shallow
0OB-3 Shallow
OB-4 Shallow
OB-3 Shallow
OB-6 Shallow
OB-8 Shallow
OB-9 Shallow
OB-13 Shallow
OB-16 Shallow
0B-17 Shallow
0OB-18 Shallow
OB-19 Shallow
0OB-21 Shallow
0OB-22 Shallow
N7-40 Shallow
N7-41 Shallow
N7-43 Shallow
N7-23 Shallow
N7-65 Shallow
N7-69 Shallow
N7-70 Shallow
N7-38 Intermediate
N7-48 Intermediate
N7-50 Intermediate
N7-32 Intermediate
N7-39 Deep
N7-51 Deep
N7-53 Deep
Site ST-08
8-2 Shallow
8-3 Shallow
3-9 Shallow
3-12 Shallow
3-16 Shallow
8-18 [ntermediate
8-15 Deep




Table 4

Shallow or Upper Saturated Zone Site Specific Parameters

Note: Existing potentiometric surface maps were developed for compliance wells over
time were used to determine groundwater flow direction. The following is a review of
avatlable data from the various testing comparies involved in the Vance project from its
inception and deals with oaly the shallow transmissive zone.

The direction of groundwater flow has been documented as NNE which relates to an
angle of 67.5 degrees CCW from due east that conforms to MAROS methodology. Since

the Stte Information in MAROS only allows N or NE. it was decided to use due north for
the initial evaluation. The angle of 67 degrees was used in the risk-based analvsis.

CMI Site

Groundwater Flow Movement Shallow Aquifer

Date Flow Velocity per Zone Hydraulic Gradient
V = feet/vear [ = fi/ft

May 2005 Z1.24) 0.0061

October 2005 18.11 0.0052

Average 19.66

April 20006 18.11 0.0052

Oct 2006 17.07 0.0049

Average 17.39

Average 2003-2006 18.63 ft/vr.

Previous flow velocities for specific areas varied and were higher in the past. such as an
average of 37.83 ft/vr. for sites 12 and 23 in 2003 (ref.9). which could indicate an average
seepage flow of about 25.0 ft/yr. However. the 2003-2006 average seepage velocity of
18.63 ft/yr. was used in this report and is slightly conservative for with regard to
groundwater flow which may fluctuate over time.

Average Hydraulic Conductivity value of 6.73E-4 em/sec per aquifer pump testing
1990 by USACE. Tulsa District (USACE. November 1991).

The groundwater flow velocities were calculatad and ave -aged for the vear based on the

above average K and an assumed effective porosity of 20 percent.



Groundwater flow velocity is based on the standard formula: V = Ki/n: w here:

V = groundwater flow velocity
K = hydraulic conductivity

| = hydraulic gradient

n = effective porosity

Flow Direction - North-northeast

Gradient — Flattened out on the southern portion

Groundwater flow velocities for 2006 were averaged from calculations using
the average hydraulic conductivity value, average gradients from
groundwater surface maps, and an assumed effective porosity of 20 percent.

(26,1)
The shallow zone has been documented as a depth 10 t0 30 feet below the
ground surface, or 20 feet as a result of compiling data from various sources

over the vears. For instance, a 20-foot depth was applied to Site 12
BIOTRANS modeling in 1996.

Data for Site 12 monitoring also included the following information (6):

Well No. Screen interval (ft.)
12-9 8.0to 17.5
12-33 9.36-19.36
12-37 13.42-23.42
12-43 10.0-20.0
12.45 11.54-21.54
23-5 8.0-28.9
23-14 10.0-18.0
23-34 11.0-16.0
24-4 13.0-18.0
745 14.5-24.5
24-6 10.5-20.5



Table 5

Shallow or Upper Saturated Zone Site Specific Parameters

Note: Existing potentiometric surface maps were developed for compliance wells over
lime were used to determine groundwater flow direction. The following is a review of
available data from the various testing companies involved in the Vance project from its
inception and deals with only the shallow transmissive zone.

The direction of groundwater flow has been documented as NNE which relates to an
angle of 67.5 degrees CCW from due east that conforms to MAROS methodology. Since

the Site [nformation in MAROS only allows N or NE. it was decided to use due north for
the initial evaluation. The angle of 67 degrees was used in the risk-based analysis.

[Z Site

Groundwater Flow Movement

Date Flow Velocity per Zone Hyvdraulic Gradient

V = feet/vear [=fi'ft
Shallow Shallow

May 2005 13.0 0.0044

October 2003 15.0 0.0044

Average 15.0

April 2006 13.45 0.0039

Oct 2006 16.03 0.0047

Average 14.74

Average 2003-2006 14.87 fuyr.

Average Hvdraulic Conductivity value of 6.75E-4 cm/sec per aquifer pump testing in
1990 by USACE. Tulsa District (USACE. November 1991).

The groundwater flow velocities were calculated and averaged for the vear based on the
above average K and an assumed eftfective porosity of 20 percent.
Groundwater flow velocity is based on the standard formula: V = Kin: where:

V' = groundwater flow velocity

K = hyvdraulic conductivity
[ = hyvdraulic gradient



n = effective porosity

Flow Direction - North-northeast

Gradient — Flattened out on the southern portion

Groundwater flow velocities for 2006 were averaged from calculations using
the average hydraulic conductivity value, average gradients from
groundwater surface maps, and an assumed effective porosity of 20 percent.



CMI Area

20 ft deep



Site Information

Provide information regarding the current site. 2-D plume information

General
Project |Vance EA CMI
Location: lEnid State |Okiahoma

—Hydrogeology and Plume Information

Seepage Velocity: |18.63 ft/yr Main Constituents: IChiorinated Solvent
Current Plume Width 11120 ft  Current Plume Length 2240 ft
Maximum Plume Length |3200 ft GW Fluctuations: [ Yes [ No

_Source Information

Free-Phase - - Current Source Pump and Treat
NAPL Present: __ Yes W No Treatment: In-situ Biodegradation

_Down-gradient Information

Distance from Source to Nearest: Distance from Edge of Tail to Nearest

Downgradient receptor: |400 ft Downgradient receptor: 1225 ft
Downgradient property line: [3200 ft Downgradient property line: |1680 ft

Main Menu Next >> | Help
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Source/Tail Zone Selection

e

S A =

Source Zone i Tail Zone

Select representative wells in the "Source" - S and "Tail" - T zones or "Not Used". Choose either Tail or
Source or Not Used by clicking on the box to the right of the well in the table below. A maximum number of
200 wells in each category can be chosen.

Well Name Source Tail Not Use
MW12-09 E

MW12-33
MW12-35
MW12-37
MW12-43
MW12-45
MW23-05
MW23-14
MW23-34
MW24-04
MW24-05
MW25-01
MW25-02
MW25-04
MW25-05
MW25-07
MW25-08
MW25-09
MW25-15

<< Back ‘ Next >> 1 Help ‘
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SITE DETAILS

The wells with coordinates are graphed below. This data will be used in the MAROS analysis
and is mandatory. All coordinates must be in units of feet,(e.g., State Plane or arbitrary site
coordinates can be used).

489500

Well Locations

489000 -

488500 4

488000 -
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487000 -
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1985600
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® MW23.34
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Reduced Data Table

Below is the data table with all specified data reduction operations performed.

Well Name
VIW23-34
VIW23-34
VIW23-34
MW23-34
MVW23-34
MW23-34
MW12-37
VIW23-34
MW23-14
MIW23-34
VIW12-37
VIW12-37
MW 12-37
MW12-37
VIW23-14
MW12-09
MIW23-14
MW23-14
MW23-14
VIW23-05
VIW23-05
[VIW23-05
MW23-05
MW23-34
MIW23-05
VIW23-34
MW23-14
MW23-14
VIW23-14
VIW23-14
VIW23-14
MW 12-37
MW23-05
VIW12-09
MW12-33
MW12-33
[VIVW12-33
VIW12-33
VW 12-33
ViW12-33

Source/
Tail
S

MWW wmwWwwWmwmWmWWWmWMmWmMNnmmMnMDWONn ;MmN NN nononnononononononononnon

Date
9/1/1998
3/1/2006
9/1/2005
3/1/2005
3/1/2004
3/1/2003
9/1/2004
3/1/2002
3/1/2003
9/1/2004
3/1/2005
3/1/1998
3/1/2002
3/1/2003
3/1/20086
3/1/2005
9/1/2006
3/1/1998
3/1/2005
9/1/2003
3/1/1998
3/1/2003
3/1/2004
9/1/2006
3/1/2002
9/1/2003
9/1/2005
3/1/2004
9/1/2003
3/1/2002
9/1/2004
9/1/2005
9/1/2004
3/1/2002
9/1/2004
9/1/2005
3/1/2006
9/1/2006
3/1/2005
3/1/2002

coc
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)

Result Number
(mg/L)

1.2E-03
2.3E-04
2.3E-04
2.5E-04
1.0E-03
1.0E-03
2.6E+00
2.7E-04
5.9E-02
1.0E-03
4.4E-03
1.8E-02
4.1E-02
2.7E-02
4.3E-02
6.1E-01
5.0E-02
1.2E-01
3.3E-02
1.0E-03
1.0E-03
1.0E-03
1.0E-03
2.5E-04
3.2E-04
3.2E-04
7.9E-02
1.3E-02
2.3E-02
7.4E-02
6.9E-02
1.0E-02
1.0E-03
1.0E-03
3.1E-01
4 8E-01
6.1E-01
6.2E-01
3.6E-01
5.3E-01

Flag

ND
ND

ND

ND
ND
ND
ND

ND
ND




MW12-37
VIVW12-09
VIW12-33
VW1 2-09
VIW12-09
VIVW12-09
MWW 12-09
MW 12-09
IV 12-09
VIW12-09
MV 12-09
MW 12-35
IV 12-37
IV 12-35
[V 12-35
MW12-35
MW 12-35
VIV 12-33
VIV 12-37
VIVy12-33
IV 12-35
VIV 12-35
VIV 12-35
Mw12-35
VIW12-35
[V 12-33
IV 12-37
MV 12-43
\MVW24-04
MVW24-04
VIVV12-45
IV 12-43
MW 12-43
MW 12-43
VIW24-04
VIV 12-43
W 12-43
JIVW12-43
VIVV12-43
VIW12-43
VW 12-45
MWV 12-45
VIV 12-45
VIV 12-45
(MW 12-45
MW 12-45
VIW12-45
VIW12-45

4 H4 o4 A o o oA - - A H A HWmWmWWDW®mK MmN WMm®m®®MmNONn®n®n®m®n®nnnnnnn

B I I I

9/1/2003
3/1/1998
3/1/1998
3/1/2003
9/1/2003
3/1/2004
9/1/2004
9/1/2005
9/1/2006
9/1/1996
3/1/20086
9/1/2005
3/1/2004
9/1/2004
9/1/2003
3/1/1998
3/1/2003
3/1/2004
9/1/2006
3/1/2003
3/1/2004
3/1/2006
9/1/2006
3/1/2002
3/1/2005
9/1/2003
3/1/20086
9/1/2005
3/1/2004
3/1/1998
9/1/2005
9/1/2003
9/1/2006
3/1/2006
9/1/2004
3/1/2005
3/1/2003
3/1/2002
9/1/2004
3/1/2004
9/1/2006
3/1/2006
3/1/2005
9/1/2004
9/1/2003
3/1/2003
3/1/1998
3/1/2002

TRICHLOROE THYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROQETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TGE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)

12E-02
1 4E+00
7 6E-01
4. 8E-01
1.5E+00
1.0E-01
1.2E+00
1.5E-01
1.2E+00
4 6E+00
1.4E-01
5.0E+00
1.6E-02
1.6E+01
1.8E+01
8. 1E+00
1.1E+01
2.4E-01
3.5E-04
41E-01
3.9E+00
4.3E+00
1 2E+01
3.1E+00
3 4E+00
2.5E-01
3.2E-04
1.4E-01
1.6E-03
1.6E-03
3.2E+00
1 7E-01
5.0E-02
16E-01
1.5E-03
1.3E-01
2.3E-01
2.5E-01
1.5E-01
8.5E-02
2.9E+00
1.9E+00
1.9E+00
9. 9E-01
4 6E-01
6.9E-01
55E-01
5 9E-01




VIW12-45 i 3/1/2004 TRICHLOROETHYLENE (TCE) 7 5E-01
VW 12-43 ¥ 3/1/1998 TRICHLOROETHYLENE (TCE) 3.0E-01
VW25-05 ik 9/1/2004 TRICHLOROETHYLENE (TCE) 1.8E-04
MW25-07 T 3/1/2004 TRICHLOROETHYLENE (TCE) 2.2E-03
VW25-07 T 3/1/1988 TRICHLOROETHYLENE (TCE) 5.2E-03
MW25-07 T 3/1/2002 TRICHLOROETHYLENE (TCE) 5.8E-03
MW25-07 i 3/1/2003  TRICHLOROETHYLENE (TCE) 4.2E-03
VIW25-07 T 9/1/2003 TRICHLOROETHYLENE (TCE) 1.3E-03
[MW25-07 T 3/1/2005 TRICHLOROETHYLENE (TCE) 23E-03
MW25-07 T 9/1/2005  TRICHLOROETHYLENE (TCE) 1.9E-03
MW25-07 T 9/1/2006 TRICHLOROETHYLENE (TCE) 2.3E-04

W24-04 T 3/1/2002  TRICHLOROETHYLENE (TCE) 7.5E-03
MW25-07 T 9/1/2004  TRICHLOROETHYLENE (TCE) 2.8E-03
MW25-08 T 3/1/1998  TRICHLOROETHYLENE (TCE) 1.0E-03 ND
MW25-05 T 3/1/1998  TRICHLOROETHYLENE (TCE) 31E-03
MW25-05 T 3/1/2002 TRICHLOROETHYLENE (TCE) 4 3E-03
MVW25-05 T 3/1/2003 TRICHLOROETHYLENE (TCE) 17€E-03
MW25-05 T 3/1/2004 TRICHLOROETHYLENE (TCE) 2.8E-04
MW25-05 T 3/1/2005  TRICHLOROETHYLENE (TCE) 4 5E-04
MW25-05 T 9/1/2005  TRICHLOROETHYLENE (TCE) 2.2E-03
MVW25-05 T 3/1/2006  TRICHLOROETHYLENE (TCE) 2.3E-04
Mw25-05 T 9/1/2006  TRICHLOROETHYLENE (TCE) 1.7E-03
ViV 25-05 T 9/1/2003 TRICHLOROETHYLENE (TCE) 1.9E-04
MW25-07 T 3/1/2006 TRICHLOROETHYLENE (TCE) 1.6E-03
MW25-09 T 9/1/2004 TRICHLOROETHYLENE (TCE) 2.6E-02
MW25-15 T 9/1/2004  TRICHLOROETHYLENE (TCE) 1.8E-04
MW25-15 T 3/1/2004  TRICHLOROETHYLENE (TCE) 2.2E-04
MIW25-15 T 9/1/2003 TRICHLOROETHYLENE (TCE) 1.0E-03 ND
MW25-15 T 3/1/2003  TRICHLOROETHYLENE (TCE) 2.8E-04
MW25-15 T 3/1/2002 TRICHLOROETHYLENE (TCE) 2.0E-03
MW25-15 T 9/1/1998 TRICHLOROETHYLENE (TCE) 18E-03
MW25-15 T 9/1/2006 TRICHLOROETHYLENE (TCE) 2.3E-04
[VIW25-09 T 3/1/2004  TRICHLOROETHYLENE (TCE) 8.3E-03
MWW25-09 T 3/1/1998  TRICHLOROETHYLENE (TCE) 8 4E-02
MW25-08 T 3/1/2003  TRICHLOROETHYLENE (TCE) 1.0E-03 ND
VIVW25-09 T 9/1/2003  TRICHLOROETHYLENE (TCE) 3.8E-02
VIW25-08 T 9/1/2004 TRICHLOROETHYLENE (TCE) 1.0E-03 ND
MW25-09 T 3/1/2005 TRICHLOROETHYLENE (TCE) 1.5E-02
VIW25-09 T 9/1/2006  TRICHLOROETHYLENE (TCE) 1.9E-02
VIW25-09 T 9/1/2005 TRICHLOROETHYLENE (TCE) 6.4E-02
MW25-09 T 3/1/2006  TRICHLOROETHYLENE (TCE) 2.1E-02
JMW25-09 T 3/1/2003 TRICHLOROETHYLENE (TCE) 8.6E-02
MW25-08 T 3/1/2004  TRICHLOROETHYLENE (TCE) 1.0E-03 ND
MW25-08 T 3/1/2002 TRICHLOROETHYLENE (TCE) 2.5E-04
VIW25-08 T 9/1/2003  TRICHLOROETHYLENE (TCE) 1.0E-03 ND
VIVV25-04 T 3/1/1998  TRICHLOROETHYLENE (TCE) 7.9E-03
JMW25-09 T 3/1/2002 TRICHLOROETHYLENE (TCE) 9.8E-02
JViWw24-05 il 9/1/2005 TRICHLOROETHYLENE (TCE) 1.5E-02




MW25-04 T 3/1/2004  TRICHLOROETHYLENE (TCE) 16E-03
MW25-01 T 3/1/2006 TRICHLOROETHYLENE (TCE) 1.3E-02
MW25-01 T 9/1/2006 TRICHLOROETHYLENE (TCE) 1.2E-02
VW25-01 T 3/1/2003  TRICHLOROETHYLENE (TCE) 8.8E-03
MW25-01 T 3/1/2005 TRICHLOROETHYLENE (TCE) 8.6E-03
MW24-05 T 9/1/2004  TRICHLOROETHYLENE (TCE) 5.0E-03
VIW24-05 T 3/1/1998 TRICHLOROETHYLENE (TCE) 6 3E-03
MW24-05 T 3/1/2002 TRICHLOROETHYLENE (TCE) 7.2E-03
MW 24-05 T 3/1/2003  TRICHLOROETHYLENE (TCE) 3.9E-03
MW25-01 T 3/1/1998  TRICHLOROETHYLENE (TCE) 5.8E-03
MW24-05 T 3/1/2005 TRICHLOROETHYLENE (TCE) 8.6E-03
MW25-01 T 9/1/2003  TRICHLOROETHYLENE (TCE) 5.3E-03
VIW24-05 T 3/1/2006  TRICHLOROETHYLENE (TCE) 5.2E-03
MW24-05 T 9/1/2006  TRICHLOROETHYLENE (TCE) 5.8E-03
MW24-05 T 9/1/2003  TRICHLOROETHYLENE (TCE) 58E-03
[MIVW24-04 T 9/1/2003 TRICHLOROETHYLENE (TCE) 3.4E-03
VIVW24-04 T 9/1/2006  TRICHLOROETHYLENE (TCE) 3.1E-04
VW 24-04 T 3/1/2006  TRICHLOROETHYLENE (TCE) 1.2E-03
(VIVW24-04 T 9/1/2005 TRICHLOROETHYLENE (TCE) 2.9E-04
VIVW24-04 T 3/1/2005 TRICHLOROETHYLENE (TCE) 4 3E-04
MW25-18 T 3/1/2006 TRICHLOROETHYLENE (TCE) 1.5E-03
MVW24-05 T 3/1/2004 TRICHLOROETHYLENE (TCE) 2.4E-03
MW25-02 T 3/1/2003  TRICHLOROETHYLENE (TCE) 3.2E-02
MVW24-04 T 3/1/2003 TRICHLOROETHYLENE (TCE) 2.6E-03
MW25—04 T 3/1/2002  TRICHLOROETHYLENE (TCE) 4.3E-03
[VIW25-04 T 3/1/2003 TRICHLOROETHYLENE (TCE) 2 8E-03
VIVWW25-04 T 9/1/2003  TRICHLOROETHYLENE (TCE) 2.8E-04
VIVV25-04 T 3/1/2005  TRICHLOROETHYLENE (TCE) 1.8E-03
MVW25-04 T 9/1/2004  TRICHLOROETHYLENE (TCE) 2.0E-03
MW 25-04 T 3/1/2006  TRICHLOROETHYLENE (TCE) 6. 2E-03
MVV25-04 T 9/1/2005 TRICHLOROETHYLENE (TCE) 1.7E-03
MW25-02 T 9/1/2004  TRICHLOROETHYLENE (TCE) 1.9E-02
MW25-01 T 9/1/2005 TRICHLOROETHYLENE (TCE) 1.5E-02
MW25-02 T 3/1/2002 TRICHLOROETHYLENE (TCE) 3.7E-02
[MW25-04 T 9/1/2006 TRICHLOROETHYLENE (TCE) 3.3E-04
[MIW25-02 T 3/1/2004  TRICHLOROETHYLENE (TCE) 1.8E-02
MIW25-02 T 3/1/2005  TRICHLOROETHYLENE (TCE) 2.1E-02
MW 25-02 T 9/1/2005 TRICHLOROETHYLENE (TCE) 2.1E-02
MW25-02 T 3/1/2006 TRICHLOROETHYLENE (TCE) 14E-02
MW25-02 T 9/1/2006  TRICHLOROETHYLENE (TCE) 6.5E-03
MIW25-02 T 9/1/2003  TRICHLOROETHYLENE (TCE) 9.0E-03
MW25-01 T 3/1/2004  TRICHLOROETHYLENE (TCE) 6.7E-03
VIW25-01 i 9/1/2004 TRICHLOROETHYLENE (TCE) 7.0E-03
[\.’1W25—0‘r T 3/1/2002  TRICHLOROETHYLENE (TCE) 8 OE-03
MIVV25-02 ik 3/1/1998 TRICHLOROETHYLENE (TCE) 4 6E-02
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MAROS Site Results

Project: Vance EA -CMI User Name: Erd
Location: Enid State: Oklahoma

User Defined Site and Data Assumptions:

Hydrogeology and Plume information: Down-gradient information:

Groundwater

Distance from Edge of Tail to Nearest:
Seepage Velocity: 18,63 ftiyr

Down-gradient receptor: 225 ft
Current Plume Length: 2240 ft )
. Down-gradient property: 1680 ft
Current Plume Width 1120 ft
) Distance from Source to Nearest:
Number of Tail Wells: 12
Down-gradient receptor: 400 ft
Number of Source Wells: 7
) Down-gradient property: 3200 ft
Source Information:

Source Treatment: Pump and Treat

NAPL is not observed at this site.

Data Consolidation Assumptions: Plume Information Weighting Assumptions:

Time Period: 8/15/1956 to 10/1/2006
Consolidation Period: Other
Consolidation Type: Meadian

Consolidation Step 1. Weight Plume Information by Chemical
Summary Weighting: \Weighting Applied to All Chemicals Equally

Consclidation Step 2. Weight Well Information by Chemical
Duplicate Consolidation: Average

ND Values: specified Detection Limit Chemical Weighting: No Weighting of Chemicals was Applied.
J Flag Values : Actual Value

Well Weighting: No ‘Weignting of Wells was Applied

Note: These assumptions were made when consolidating the historical montoring data and lumping the Wells and COCs.

1. Compliance Monitoring/Remediation Optimization Results:

Preliminary Monitoring System Optimization Results: Based on site classification, source treatment and Monitoring System
Category the following suggestions are made for site Sampling Frequency, Duration of Sampling before reassessment, and
Well Density. These criteria take into consideration: Plume Stability, Type of Plume, and Groundwater Velocity

Tail Source Level of Sampling Sampling Sampling
cocC Stability Stability Effort Duration Frequency Density
TRICHLOROETHYLENE (TCE) s s M Remove treatment No Recommendation 33

system if previously
reducing concentation
Note:

Plume Status: (1) Increasing; (Pl)Probably Increasing; (S) Stable; (NT) No Trend; (PD) Probably Decreasing; (D) Decreasing

Design Categories: (E) Extensive; (M) Moderate; (L) Limited (N/A) Not Applicable, Insufficient Data Available

Level of Monitoring Effort Indicated by Analysi I Moderate

2. Spatial Moment Analysis Results:

MAROS Version 2.1, 2004, AFCEE Sunday. June 10, 2007 Page 1of 2



Coefficient Mann-Kendall Confidence Moment

Moment Type Constituent of Variation S Statistic in Trend Trend
Zeroth Moment: Mass

TRICHLORQETHYLENE (TCE) 058 21 91.3% Pl
1st Moment: Distance to Source

TRICHLOROETHYLENE (TCE) 020 19 94 6% PD
2nd Moment: Sigma XX

TRICHLORCETHYLENE (TCE) 0.23 -23 97 7% D
2nd Moment: Sigma YY

TRICHLOROETHYLENE (TCE) 0.16 -9 75.8% S

Note: The following assumptions were applied for the calculation of the Zeroth Moment:

Porosity: 020 Saturated Thickness: Uniform

Mann-Kendall Trend test performed on all sample events for each constituent

Increasing (!); Probably Increasing (Pl). Stable (S)

Probably Decreasing (PD); Decreasing (D), No Trend (NT); Not Applicable (N/A}-Due to insufficient Data (< 4 sampling events)

MARQS Version 2 1. 2004 AFCEE

Sunday June 10 2007

Page 2 of 2



MAROS Sampling Location Optimization Result

Project:

Location:

Sampling Events Analyzed:

Parameters used:

From Sample Event 1

8/15/1996

User Name:

State:

to Sample Event 51

10/1/2006

Constituent

Inside SF Hull SF  Area Ratio Conc. Ratio

TRICHLOROETHYLENE (TCE) 0.2 0.01 0.95 0.95
Average Minimum Maximum
Well X (feet) Y (feet) Removable? Slope Factor*  Slope Factor*  Slope Factor*  Eliminated?
TRICHLOROETHYLENE (TCE)
MW12-09 1995924.88 48688734 2 0.120 0.023 0.220 v
MW12-33 1996241.38  487134.19 v 0.131 0.083 0.208 v
MW12-35 1996251.50 486968.56 v 0.454 0.399 0.501 L]
MW12-37 1996468.88  486958.78 v 0.648 0.098 0.870 I
MW12-43 1996350.13  487775.25 v 0.083 0.032 0.206 v
MW12-45 199643538  488067.06 v 0.484 0.447 0.541 L
MW23-05 1995977.25 487197.28 v 0.752 0.752 0.752 O
MW23-14 1996058.50 487713.44 v 0.088 0.028 0.242 v
MW23-34 1995846.50  486367.09 v 0.854 0.495 0.895 [
MW24-04 1996883.13  488135.41 v 0.780 0.652 0.862 C
MW24-05 1996828.25 488897 41 v 0.182 0.011 0.756 C
MW25-01 1995776.50  487650.50 v 0.320 0.006 0.736 ]
MW25-02 1995773.75  488029.13 v 0.195 0.015 0.559 U
MW25-04 1995820.00  488610.50 v 0.317 0.034 0.697 U
MW25-05 199579413 489085.50 v 0.511 0.102 0.818 3
MW25-07 1995923.25 489139.63 v 0.324 0.131 0614 U
MW25-08 1996319.25 489256.13 v 0.589 0.177 1.000 ]
MW25-09 1996202.75 488583.00 v 0.254 0.092 0476 Ul
MW25-15 1995967.00 489212.16 v 0.331 0.086 0.747 Ll

Note: The Slope Factor indicates the relative importance of a well in the monitoring network at a given sampling event: the larger the SF
value of a well, the more important the well is and vice versa; the Average Slope Factor measures the overail well importance in the

selected time period; the state coordinates system (i.e., X and Y refer to Easting and Northing respectively) or local coordinates systems
may be used; wells that are NOT selected for analysis are not shown above.
* When the report is generated after running the Excel module, SF values will NOT be shown above.

MAROS Version 2.1, 2004, AFCEE

Sunday. June 10. 2007
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Access Module - All-in-one Results

The final sampling locations after considering ali COCs are determined as shown in the
following table. A sampling location is eiiminated only if it is eliminated for all COCs
"Eliminated" status can be interpreted here as stopping sampling a certain well in the

ORI T PR Sy N——

LoclD ESCoord NSCoord Eliminated?
MW12-09 10959249 4808873 M
IMwiz3s 10062414 4871342 Mz
MW1235 19962515 4869686 mias
MW12-37 1996468.9 4869588 [
MW1243 19963501 4877753 v
MW12-45 19964354  488067.1 L
IMW2a0s . agesorra o 4amiers . 1
[MW2314 19960585 4877134 v
| MW23-34 ~Hossgaes - 4seert. . L1
iNza04 .~ . . 19988371 4saiaeA: . LI
MW24.05 T MaBeRats . dopAoRdL. . oLl
[Mw2501 19957765 4876505 [
(Mw25.02 19957738 4880204 [
MW25-04 19958200  488610.5 N
MW?25-05 19957941 4890855 0
MW25-07 19959233 4891396 O
MW25-08 1996319.3  489256.1 O
MW25-09 19962028  488583.0 O
MW25-15 1995067.0 4892122  []
Eliminated? --  whether or not the well is abandoned from the monitoring

network as a redundant well.

<< Back View Report | Next >> l Help |
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Supplementary File No. 2

[Z site with 20 foot thick aquifer

[Z site with 10 foot thick aquifer



17 Area

20 ft deep



Site Information

Provide information regarding the current site, 2-D plume information.

General

Project: [Vance EA 1Z (OB-N7)

Location: IEnid State IOk!ahoma

— Hydrogeology and Plume Information

Seepage Velocity: |14.87 ftlyr Main Constituents: IChIorinated Solvent
Current Plume Width  |666 ft  Current Plume Length |2266 - ft
Maximum Plume Length ~ [2933 ft ~ GW Fluctuations: ] Yes [ No

_Source Information

Free-Phase - - Current Source Pump and Treat
NAPL Present: Ll Yes v No Treatment: In-situ Biodegradation

_ Down-gradient Information

Distance from Source to Nearest: Distance from Edge of Tail to Nearest

Downgradient receptor: I3600 ft Downgradient receptor: |770 ft
Downgradient property line: |2900 ft Downgradient property line: IS?O ft

Main Menu I Next >> | Help
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Source/Tail Zone Selection

Select representative wells in the "Source” - S and "Tail" - T zones or "Not Used". Choose either Tail or
Source or Not Used by clicking on the box to the right of the well in the table below. A maximum number of
200 wells in each category can be chosen.

Not Use

Well Name Source
N7-23 v
N7-40 ]
N7-41 ]
N7-45 v
N7-85 ]
N7-69 ]
N7-70 M
0B-02 v
0B-03 v
v

] L

[ <1 ) &) TR KT g

%)
=
<C
|
L
&)
L
k=
)

L]
|

0B-04

0B-05

0B-06

0B-08 7
0B-13 v
o6
08-17
0B-18
0B-19
08-21
0B-22

KRR &R &L R SR

Cocao oo

<< Back Next >> Help




SITE DETAILS

The wells with coordinates are graphed below. This data will be used in the MAROS analysis
and is mandatory. All coordinates must be in units of feet,(e.g., State Plane or arbitrary site

coordinates can be used).

493500

Well Locations

493000 -

492500 A

492000 A

Y (ft)

491500 -

491000

¢ N7-23
490500 A

490000

& OB-2
% 0B-08

* O

 0B-18 4 0B-19
¢ 08-06

4 OB-16
& 0B-05

& 0B-17
# OB-13

0B-04
. # N7-45 o 0B-02 4 0B-03

1995500

T T T

1996000 1996500 1997000 1997500

X (ft)
<< Back I
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Reduced Data Table

Below is the data table with all specified data reduction operations performed.

Source/
Well Name Tail

0B-13 S
DB-04
[0B-04
DB-03
DB-03
DB-03
DB-13
DB-13
DB-13
DB-13
DB-02
DB-13
N7-45
DB-13
0B-13
0B-03
DB-03
DB-02
0B-02
DB-02
DB-02
DB-02
DB-02
DB-13
[DB-04
N7-23
N7-23
N7-23
N7-45
N7-23
N7-45
N7-23
N7-23
DB-04
DB-04
DB-04
0B-04
MN7-45
NT7-45
N7-23

W wWwwmwwmwmwmwWwmwm;mDm|mnNOLnmwmnnnnononnonoononononoononnonoononoononon

Date
3/1/1998
9/1/2002
3/1/1998
9/1/1999
9/1/1997
3/1/1598
9/1/2002
9/1/2005
9/1/2006
3/1/2006
9/1/2002
3/1/2002
9/1/1899
9/1/2003
3/1/2005
9/1/2003
9/1/2002
3/1/1998
9/1/1997
9/1/1999
9/1/2005
3/1/2005
9/1/2003
9/111997
9/1/1997
9/1/2005
3/1/2005
3/1/1998
9/1/2003
9/1/2003
9/1/2002
9/1/1997
9/1/2000
3/1/2006
9/1/2005
3/1/2005
9/1/2003
9/1/1997
3/1/1998
9/1/1999

coc
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)

Result Number
(mg/L)

1.0E-03
1.4E-02
1.0E-03
1.0E-03
1.0E-03
1.1E-02
8.2E-01
7.6E-02
1.2E-01
1.3E-01
1.0E-03
8.6E-01
1.0E-03
4 3E-01
1.5E-01
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
2.3E+00
3.7E+00
1.0E-03
1.0E-03
1.0E-03
1.0E-03
4 2E-03
1.0E-03
4.0E-03
1.0E-03
5.5E-03
2.8E-03
1.0E-02
3.8E-02
1.0E-03
1.0E-03
2.3E-03

Flag
ND

ND
ND
ND

ND

ND

ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND

ND

ND

ND
ND




N7-23
DB-05
DB-05
DB-05
DB-05
DB-05
DB-05
7-89
DB-05
N7-40
NT7-65
N7-41
N7-41
N7-41
17-41
N7-70
N7-40
N7-65
N7-40
N7-40
N7-40
17-40
N7-40
N7-40
IN7-40
N7-69
7-70
DB-05
N7-70
DB-06
N7-69
N7-69
NT7-65
N7-89
N7-65
N7-69
N7-65
N7-65
f7-65
N7-65
N7-70
17-69
DB-18
DB-18
DB-19
DB-19
DB-19
DB-19

o A A A = - A A A =4 A A A4 A4 A A A A A A=A AAAAAA A4 A A4 A A A A4 A4 AA4A4A4AA4A4A4AA4AAO©O

3/1/2003
3/1/2006
9/1/2002
9/1/2003
9/1/2005
9/1/2006
9/1/1997
9/1/2003
3/1/2005
9/1/2002
3/1/2002
3/1/2002
9/1/1999
9/1/1997
9/1/2002
9/1/2000
9/1/1999
9/1/2005
9/1/2003
3/1/2005
9/1/2005
3/1/2006
9/1/2006
9/1/1997
3/1/2002
9/1/2006
3/1/2002
3/1/1998
9/1/2003
9/1/2005
3/1/2002
3/1/2006
9/1/2006
9/1/2000
3/1/2006
3/1/2005
9/1/2005
9/1/2003
9/1/2002
3/1/2005
9/1/2002
9/1/2002
9/1/1997
9/1/2006
3/1/2002
9/1/2002
3/1/2005
9/1/2006

TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLORCETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)

1.8E-04
1.4E+00
1.3E+00
1 1E+00
1.2E+00
1.1E+00
1.8E+00
2.8E-03
1.7E+00
10E-03
4 BE-03
1.0E-03
1.0E-03
1.0E-03
1.0E-03
1.3E-03
1.0E-03
1.8E-03
1.0E-03
2.3E-03
5.6E-03
3.0E-04
2.3E-04
1.0E-03
1.0E-03
2 3E-04
3.1E-03
1.0E-03
41E-04
1.0E-01
2.9E-03
1.4E-03
1.2E-03
3.7E-03
1.4E-03
14E-03
3.0E-04
2.6E-03
2.6E-03
2.0E-03
1.7E-03
1.4E-03
1.0E-03
17E-02
1 0E+0Q
9.8E-01
9 6E-01
7 2E-01

ND

ND

ND

ND

ND

ND

ND

ND
ND

ND




0B-19
0B-19
0B-18
0B-19
[0B-18
[DB-18
£B-18
DB-18
0B-18
CB-18
DB-06
DB-19
[DB-21
0B-22
0B-22
DB-22
0B-22
>B-22
0B-22
0B-19
£B-22
0B-18
(0B-21
DB-21
[0B-21
[0B-21
[0B-21
[DB-21
[0B-21
0B-22
0B-08
DB-18
DB-08
[>B-08
[DB-08
[0B-08
[0B-08
0B-08
0B-08
DB-16
DB-06
[DB-06
[DB-06
0B-22
[>B-06
(0B-06
[>B-06
[>B-08

~ A4 A4 4 A4 A4 A4 A A A A A A4 A4 A4 A4 A4 A4 A A4 A4 A4 A4 A4 A A A A A4 A4 A4 A4 A4 A A4 A4 A A A A A4 A A A A A -4 -

3/1/2006
9/1/2005
9/1/2003
3/1/2003
3/1/1998
9/1/1999
3/1/2002
3/1/2003
3/1/2005
9/1/2005
3/1/1998
9/1/2003
9/1/2006
9/1/2005
3/1/2005
9/1/2003
9/1/2002
3/1/2002
9/1/1999
9/1/1997
9/1/2006
§/1/2002
9/1/1997
9/1/1999
9/1/2002
§/1/2003
3/1/2005
3/1/2006
9/1/2005
9/1/1997
3/1/2003
3/1/2006
9/1/1999
3/1/2002
9/1/2002
9/1/2003
§/1/2005
3/1/2005
9/1/2006
3/1/2002
3/1/2003
9/1/2006
3/1/20086
3/1/2008
3/1/2005
9/1/1997
9/1/2003
3/1/2006

TRICHLOROE THYLENE (TCE)
RICHLOROETHYLENE (TCE)
RICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROQETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

TRICHLOROETHYLENE (TCE)

1.3E+00
8 8E-01
5.8E-02
1.3E+00
1.0E-03
1.7E-01
1.7E-01
32€E-02
1.4E-02
1.7€-02
1.0E-03
1.0E+00
9.4E-02
1.5E-03
1.2E-03
2.4E-03
2.1E-03
2.1E-03
2.5E-03
8 3E-01
4 6E-04
2.6E-02
1.0E-C3
5.6E-03
1.4E-01
1.3E-01
9.8E-02
8.6E-02
9.0E-02
1.0E-03
59E-03
1.3E-02
1.0E-02
1.0E-02
7.4E-03
1.2E-02
2.4E-02
1.7E-02
1.9E-02
1.2E-01
3.4E-01
4.7E-02
9.3E-02
1.0E-03
11E-01
4 8E-01
2 9E-01
1.8E-02

ND

ND

ND

ND




[0B-16
[0B-17
DB-17
0B-17
[0B-17
[0B-17
0B-17
[>B-08
[0B-16
DB-05
DB-16
DB-16
DB-16
DB-16
DB-16
DB-16
DB-16
0B-16

e T T B T R T I B I B B B T IR R

3/1/1998
9/1/1999
9/1/1897
3/1/1998
9/1/2003
9/1/2002
3/1/2002
9/1/1997
9/1/1997
3/1/2002
9/1/1999
9/1/2002
9/1/2003
3/1/2005
9/1/2005
3/1/2006
9/1/2006
3/1/2003

TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)
TRICHLOROETHYLENE (TCE)

2. 1E-01
1.2E-02
1.2E-02
1.7E-02
2 9E-04
4 0E-04
1.2E-03
1.0E-03
1.5E-01
1.2E+00
1.2E-01
1.1E-01
9.1E-02
3.8E-02
3.2E-02
2.5E-02
2.2E-02
1.2E-01

ND

<< Back i
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Source

Monitoring System Category

Tail

|

Monitoring System Categories
E Extensive
M Moderzte
L Limited
Plume Status
1 See” FD) " Pobanbeescog 1D
Decreasnc
(NT) NoTrend
Eoc Tail Stability Source Stability Category Result
TRICHLOROETHYLENE (TC S NT M
Worst Case: l M
<< Back ‘ Next >> 1 View Report Help
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MAROS Site Results

Project: Vance EA 1Z (OB-N7) User Name: Erd

Location: Enid State: Oklahoma

User Defined Site and Data Assumptions:

Hydrogeology and Plume Information: Down-gradient Information:
Groundwater Distance from Edge of Tail to Nearest:
Seepage Velocity: 87 ft/ )
TRE e Down-gradient receptor: 770 ft
Current Plume Length: 2266 ft )
Down-gradient property: 570 ft

Current Plume Width 666 ft
Distance from Source to Nearest:

Number of Tail Wells: 14 )
Down-gradient receptor: 3600 ft
Number of Source Wells: 6
. Down-gradient property: 2900 ft
Source Information:
Source Treatment: Pump and Treat
NAPL is not observed at this site.

Data Consolidation Assumptions: Plume Information Weighting Assumptions:
Time Period: 9/30/1887 to 10/1/2006 Consolidation Step 1. Weight Plume Information by Chemical
Consolidation Period: Otner Summary Weighting: Weaignting Applied to All Chemicals Equally
Consolidation Type: Median Consolidation Step 2. Weight Well Information by Chemical

Duplicate Consolidation: Average
ND Values: Spgcified Detection Limit
J Flag Values : Actual Value

Well Weighting: No Weighting of Wells was Applied
Chemical Weighting: No Weighting of Chemicals was Applied

Note: These assumptions were made when consolidating the historical montoring data and lumping the Wells and COCs.

1. Compliance Monitoring/Remediation Optimization Results:

Preliminary Monitoring System Optimization Results: Based on site classification, source treatment and Monitoring System
Category the following suggestions are made for site Sampling Frequency, Duration of Sampling before reassessment, and
Well Density. These criteria take into consideration: Plume Stability, Type of Plume, and Groundwater Velocity.

Tail Source Levelof  Sampling Sampling Sampling
CcocC Stability Stability Effort Duration Frequency Density
TRICHLOROETHYLENE (TCE) s NT M Remove treatment No Recommendation 36

system if previously
reducing concentation
Note:

Plume Status: (1) Increasing; (Pl)Probably Increasing; (S) Stable; (NT) No Trend; (PD) Probably Decreasing; (D) Decreasing
Design Categories: (E) Extensive; (M) Moderate; (L) Limited (N/A) Not Applicable, Insufficient Data Available

Level of Monitoring Effort Indicated by Analysi | Moderate

2. Spatial Moment Analysis Results:

MAROS Version 2.1, 2004. AFCEE \Wednesday. June 13, 2007 Page 1of 2



Coefficient Mann-Kendall Confidence Moment
Moment Type Constituent of Variation S Statistic in Trend Trend

Zeroth Moment: Mass

TRICHLOROETHYLENE (TCE) 0.77 2 52.7% NT
1st Moment: Distance to Source

TRICHLOROETHYLENE (TCE) 020 35 99 7% I
2nd Moment: Sigma XX

TRICHLOROETHYLENE (TCE) 024 -9 72.9% S
2nd Moment: Sigma YY

TRICHLOROETHYLENE (TCE) 0.29 -7 67.6% ]

Note: The following assumptions were applied for the calculation of the Zeroth Moment

"

Porosity: 020 Saturated Thickness: Uniform 201t

Mann-Kendall Trend test performed on all sample events for each constituent. Increasing (l); Probably Increasing (Pl): Stable (S)
Probably Decreasing (PD); Decreasing (D); No Trend (NT); Not Applicable (N/A)-Due to insufficient Data (< 4 sampling events).
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Location: Enid

Sampling Events Analyzed:

Parameters used:

From Sample Event 1

9/30/1897

User Name: Erd

State: Oklahoma

to Sample Event 37

10/1/2006

MAROS Sampling Location Optimization Result

Project: Vance EA 1Z(OB-7N)

Constituent

Inside SF Hull SF  Area Ratio Conc. Ratio

TRICHLOROETHYLENE (TCE) 0.2 0.01 0.95 0.95
Average Minimum Maximum
Well X (feet) Y (feet) Removable? Slope Factor*  Slope Factor*  Slope Factor*  Eliminated?
TRICHLOROETHYLENE (TCE)

N7-23 1995595.38  490642.34 v 0.765 0.468 1.000 ]
N7-40 1997042.75 492545.16 v 0.511 0.009 1.000 U
N7-41 1997099.75  492214.78 v 0.480 0.426 0.539 O
N7-45 1996243.00  490523.31 v 0.229 0.115 0.342 J
N7-65 1997284.88  493009.16 V! 0.334 0.087 0.630 .
N7-69 199736225 493091.28 v 0.444 0.051 0.681 Ul
N7-70 1997264.63 493091.28 V! 0.238 0.141 0.586 O
0B-02 1996430.50 49050253 v/ 0.465 0.000 1.000 O
0B-03 1996667.88  490503.63 %2 0.362 0.132 1.000 L]
0B-04 1995860.38  490602.53 v 0.305 0.085 0.611 U
0B-05 199624438  491360.91 v 0.340 0.292 0.429 o
OB-06 199624425 491764.38 v 0.040 0.002 0.181 v
0B-08 1996754.13  492461.53 v 0.188 0.065 0.535 v
0B-13 1995991.13 490943 69 v 0.307 0.141 0.453 L]
0B-16 1995971.13  491544.59 v 0.214 0.139 0.293 ]
0B-17 1996539.50 491132.91 v 0.766 0.667 0.825 L]
0B-18 1996099.38  491899.56 v 0.280 0.157 0.794 L]
OB-19 1996544.75  491946.78 v 0.360 0.264 0.531 B
0B-21 199699825 492299.16 v 0.378 0.084 0.667 ]
0B-22 1996929.50  492650.84 v 0.334 0.055 0.869 U

Note: The Slope Factor indicates the relative importance of a well in the monitoring network at a given sampling event; the larger the SF
value of a well, the more important the well is and vice versa; the Average Slope Factor measures the overall well importance in the

selected time period; the state coordinates system (i.e., X and Y refer to Easting and Nerthing respectively) or local coordinates systems
may be used; wells that are NOT selected for analysis are not shown above.
*When the report is generated after running the Excel module, SF values will NOT be shown above.
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Access Module - All-in-one Results

The final sampling locations after considering all COCs are determined as shown in the
following table. A sampling location is eliminated only if it is eliminated for all COCs.
"Eliminated" status can be interpreted here as stopping sampling a certain well in the

PG | (G N TR

LoclD ESCoord NS Coord Eliminated?

N7Z-23 19955954 4906423 O

N7-40 19970428 4925452 [ B
N741 19970998 4922148 O

N7-45 19962430  490523.3 &

N7-65 19972849 4930092 ]

N7-69 19973623 4930913 Ll
N . . 19972646 4930913 1
e 1996430.5 4905025 (]

T 1966667.9 4905036 (e

08-04 19958604 4906025 [

08-05 3 19962444 4913609 [

0B-06 19962443 4917644 v
(0B08 19967541 4924615 ™
0B-13 19950911 4909437 [
 0B-16 19959711 4915445 O

0B-17 1996539.5  491132.9 O

0B-18 1996009.4 4918996 O

0B-19 19965448 4919468 O

0B-21 10960983  492299.2 O]

0B-22 1996929.5  492650.8 O
Eliminated? --  whether or not the well is abandoned from the monitoring

network as a redundant well.
<< Back View Report | Next >> |
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MAROS Sampling Frequency Optimization Results

Project: Vance EA 1Z (OB-N7) User Name: Erd

Location: Enid State: Oklahoma

The Overall Number of Sampling Events: 37

"Recent Period"” defined by events: From  Sample Event 18 To  Sample Event 37
7/27/1999 10/1/2006

"Rate of Change” parameters used:

Constituent Cleanup Goal Low Rate Medium Rate High Rate

TRICHLOROETHYLENE (TCE) 0.005 0.0025 0.005 0.01

Units: Cleanup Goal is in mg/L; all rate parameters are in mg/L/year.

Recommended Frequency Based Frequency Based
Well Sampling Frequency on Recent Data on QOverall Data
TRICHLOROETHYLENE (TCE)

N7-23 Annual Annual Annual
N7-40 Annual Annual Annual
N7-41 Biennial Annual Annual
N7-45 Annual Annual Annual
N7-65 Annual Annual Annual
N7-69 Annual Annual Annual
N7-70 Annual Annual Annual
0B-02 Biennial Annual Annual
0OB-03 Annual Annual Annual
OB-04 Annual Annual Annual
0B-05 Quarterly Quarterly Quarterly
0OB-06 Annual Annual Annual
0OB-08 Annual Annual Annual
0B-13 Annual Annual Annual
0OB-16 Annual Annual Annual
0B-17 Annual Annual Annual
0OB-18 Annual Annual Annual
0B-19 Annual Annual SemiAnnual
OB-21 Quarterly SemiAnnual Quarterly
0B-22 Annual Annual Annual

Note: Sampling frequency is determined considering both recent and overall concentration trends. Sampling Frequency is the
final recommendation; Frequency Based on Recent Data is the frequency determined using recent (short) period of monitoring
data; Frequency Based on Overall Data is the frequency determined using overall (long) period of monitoring data. If the "recent
period” is defined using a different series of sampling events, the results could te different.
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Site Information

Provide information regarding the current site, 2-D plume information.

— General
Project: |EA Vance CMI
Location: {E”id State |Oklahoma

—Hydrogeology and Plume Information

Seepage Velocity: ]18.53 ftlyr Main Constituents: [Chlorinated Solvent
Current Plume Width {1120 ft ~ Current Plume Length ]2240 ft
Maximum Plume Length 3200 ft  GW Fluctuations: ¥ Yes [ No

_ Source Information

Free-Phase e - Current Source Pump and Treat -
NAPL Present: __ Yes ¥ No Treatment: N5 situ Biodegradation

_Down-gradient Information

Distance from Source to Nearest: Distance from Edge of Tail to Nearest

Downgradient receptor: |400 ft Downgradient receptor: ]225 ft
Downgradient property line: |'32(VJO 7 ft Downgradient property line: ]1'680 ft

Main Menul Next >> ] Help ‘
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MAROS Site Results

Project: EA Vance CMI User Name: Ron

Location: Enid State: Oklahoma

User Defined Site and Data Assumptions:

Hydrogeology and Plume Information: Down-gradient Information:
Groundwater Distance from Edge of Tail to Nearest:
Seepage Velocity: 1
6 Ty Down-gradient receptor: 225 ft
Current Plume Length: 2240 ft 5 et 4 1680 f
own-gradient property:
Current Plume Width 1120 ft & ROp
Distance from Source to Nearest:
Number of Tail Wells: 12 = s
= Down-gradient receptor: 400 ft
Number of Source Wells: 7
Down-gradient property: 3200 ft
Source Information:

Source Treatment. Pump and Treat

NAPL is not observed at this site.

Data Consolidation Assumptions: Plume Information Weighting Assumptions:
Time Period: 8/15/1935 to 10/1/2006 Consolidation Step 1. Weight Plume Information by Chemical
Consolidation Period: Other

Summary Weighting: Weighting Applied to All Chemicals Equally
Consolidation Type: Median

Consoclidation Step 2. Weight Well Information by Chemical
Duplicate Consolidation: Average

Well Weighting: No Weighting of Wells was Applied
ND Values: gpecified Detection Limit

Chemical Weighting: No Weighting of Chemicals was Applied
J Flag Values : Actual Value

Note: These assumptions were made when consolidating the historical montoring data and lumping the Wells and COCs.

1. Compliance Monitoring/Remediation Optimization Results:
Preliminary Monitoring System Optimization Results: Based on site classification, source treatment and Monitoring System

Category the following suggestions are made for site Sampling Frequency, Duration of Sampling before reassessment, and
Well Density. These criteria take into consideration: Plume Stability, Type of Plume, and Groundwater Velocity.

Tail Source Level of Sampling Sampling Sampling
cocC Stability Stability Effort Duration Frequency Density
TRICHLOROETHYLENE (TCE) S S M Remove treatment No Recommendation 35

system if previously

reducing concentation
Note:

Plume Status: () Increasing; (Pl)Probably increasing; (S) Stable; (NT) No Trend; (PD) Probably Decreasing; (D) Decreasing

Design Categories: (E) Extensive; (M) Moderate: (L) Limited (N/A) Not Applicable, insufficient Data Available

Level of Monitoring Effort Indicated by Analysi | Moderate

2. Spatial Moment Analysis Results:
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Coefficient Mann-Kendall Confidence Moment

Moment Type Constituent of Variation S Statistic in Trend Trend
Zeroth Moment: Mass

TRICHLOROETHYLENE (TCE) 0.58 21 91.3% Pl
1st Moment: Distance to Source

TRICHLOROETHYLENE (TCE) 0.20 -19 94 6% PD
2nd Moment: Sigma XX

TRICHLOROETHYLENE (TCE) 0.23 -23 97 7% D
2nd Moment: Sigma YY

TRICHLOROETHYLENE (TCE) 0.186 -9 75.8% S

Note: The following assumptions were applied for the calculation of the Zeroth Moment

Porosity: 020 Saturated Thickness: Uniform

Mann-Kendall Trend test performed on all sample events for each constituent. Increasing (l): Probably Increasing (PI); Stable (S)

10#

Probably Decreasing (PD): Decreasing (D). No Trend (NT): Not Applicable (N/A)-Due to insufficient Data (< 4 sampling events)

MAROQOS Version 2.1, 2004 AFCEE

Sunday October 21, 2007
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Graph Key:

Monitoring System Categories
E. Extensive
M Moderate

L Limited

Plume Status

[0 increasing creasng
15 Stable PD robably Decreasng (D
Decressng

(NT) NoTrend

Eoc Tail Stability Source Stability
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MAROS Sampling Location Optimization Result

Project: EA Vance CMI

Location: Enid

Sampling Events Analyzed:

Parameters used:

From Sample Event 1

8/15/1996

User Name: Ron

State:

to Sample Event 51

10/1/2006

Oklahoma

Constituent

Inside SF  Hull SF Area Ratio Conc. Ratio

TRICHLOROETHYLENE (TCE) 0.2 0.01 0.95 0.95
Average Minimum Maximum
Well X (feet) Y (feet) Removable? Slope Factor*  Slope Factor*  Slope Factor*  Eliminated?
TRICHLOROETHYLENE (TCE)
MW12-09 1995924.88  486887.34 v 0.120 0.023 0.220 v
MW12-33 199624138  487134.19 v 0.131 0.083 0.208 v
MW12-35 1996251.50  486968.56 v 0.454 0.399 0.501 U
MW12-37 1996468.88  486958.78 2 0.648 0.098 0.870 U
MW12-43 1996350.13  487775.25 v 0.083 0.032 0.206 v
MW12-45 199643538  488067.06 v 0.484 0.447 0.541 il
MW23-05 1995977.25 487197.28 v 0.752 0.752 0.752 O]
MW23-14 1996058.50 487713.44 v 0.088 0.028 0.242 v
MW23-34 1995846.50  486367.09 v 0.854 0.495 0.895 L]
MW24-04 1996883.13  488135.41 v 0.780 0.652 0.862 Ul
MW24-05 1996828.25 488897.41 v 0.182 0.011 0.756 dJ
MW25-01 1995776.50  487650.50 v 0.320 0.006 0.736 Ul
MW25-02 1995773.75  488029.13 v 0.195 0.015 0.559 O]
MW25-04 1995820.00 488610.50 v 0.317 0.034 0.697 A
MW25-05 199579413  489085.50 v 0.511 0.102 0.818 ]
MW25-07 199592325 48913963 V! 0.324 0.131 0.614 []
MW25-08 1996319.25 489256.13 v 0.589 0.177 1.000 (]
MW25-09 1996202.75 488583.00 v 0.254 0.092 0.476 1
MW25-15 1995967.00 489212.16 v 0.331 0.086 0.747 O]

Note: The Slope Factor indicates the relative importance of a well in the monitoring network at a given sampling event; the larger the SF
value of a well, the more important the well is and vice versa; the Average Slope Factor measures the overall well importance in the

selected time pericd; the state coordinates system (i.e., X and Y refer to Easting and Northing respectively) or local coordinates systems
may be used; wells that are NOT selected for analysis are not shown above.
*When the report is generated after running the Excel module, SF values will NOT be shown above.
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MAROS Sampling Frequency Optimization Results

Project: EA Vance CMI User Name: Ron

Location: Enid State: Oklahoma

The Overall Number of Sampling Events: 31

"Recent Period" defined by events: From  Sample Event 18 To Sample Event 51
4/17/2002 10/1/2006

"Rate of Change" parameters used:

Constituent Cleanup Goal Low Rate Medium Rate High Rate

TRICHLOROETHYLENE (TCE) 0.005 0.0025 0.005 0.01

Units: Cleanup Goal is in mg/L; all rate parameters are in mg/L/year.

Recommended Frequency Based Frequency Based
Well Sampling Frequency on Recent Data on Overall Data
TRICHLOROETHYLENE (TCE)
MW12-09 Quarterly Quarterly Annual
MW12-33 Quarterly Quarterly Annual
MW12-35 Annual Annual Annual
MwW12-37 SemiAnnual Annual Quarterly
MW12-43 Annual Annual Annual
MW12-45 Quarterly Quarterly Quarterly
MW23-05 Biennial Annual Annual
MW23-14 Annual Annual Annual
MW23-34 Annual Annual Annual
MW24-04 Annual Annual Annual
MW24-05 Annual Annual Annual
MW25-01 Annual Annual Annual
MW25-02 Annual Annual Annual
MwW25-04 Annual Annual Annual
MW25-05 Annual Annual Annual
MW25-07 Annual Annual Annual
MW25-08 Biennial Annual Annual
MW25-09 Annual Annual Annual
MW25-15 Biennial Annual Annual

Note: Sampling frequency is determined considering both recent and overall concentration trends. Sampling Frequency is the
final recommendation; Frequency Based on Recent Data is the frequency determined using recent (short) period of monitoring
data; Frequency Based on Overall Data is the frequency determined using overall (long) period of monitoring data. If the "recent
period” is defined using a different series of sampling events, the results could be different.
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