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EXECUTIVE SUMMARY

Chlorinated solvents remain the most common class of contaminants at hazardous waste in the
United States in general, as well as for the Department of Defense specifically. Bioremediation
has emerged as a promising technology for addressing chlorinated solvents with relatively low
capital costs, minimal ( or no ) se condary waste st reams, minimal ha zard to workers and t he
environment, in Situ contaminant de struction, low maintenance, and minimal site disturbance.
However, not all contaminated sites have significant populations of the most important bacteria
required for e fficient bi odegradation of t hese c ontaminants, na mely, Dehalococcoides spp. In
those cases, bioaugmentation (adding a concentrated culture of the desired bacteria to a site) is
becoming widely used to address potential biological limitations to degradation. While this has
been demonstrated to be effective on a small scale, no rigorous full-scale de monstrations have
been performed to evaluate different strategies for achieving successful growth and distribution
of Dehalococcoides spp. bacteria to achieve site cleanup goals.

OBJECTIVES OF THE DEMONSTRATION

The ove rall obj ective of t his w ork ist o compare t he costand performance of f ull-scale
bioaugmentation of c¢ hlorinated s olvent ¢ ontaminated gr oundwater u sing pa ssive a nd a ctive
bacterial distribution approaches. The technical objectives for this demonstration are as follows:

o Extend bioaugmentation cost-effectively to full scale

- Demonstrate cos t-effective ba cterial dist ribution at sca les of hundr eds,
rather than tens, of feet

- Demonstrate induction of complete dechlorination at the same scale

o Demonstrate that a low -cost, passive approach to bi oaugmentation will achieve
large-scale bacterial distribution and induction of complete dechlorination

. Compare and contrast effectiveness of passive and active approaches of bacterial
distribution

The relative pros and cons of active recirculation and passive inject-and-drift strategies for large-
scale bioaugmentation of chlorinated solvents in groundwater were evaluated in a side-by-side
comparison at the Seal Beach Naval Weapons Station (NAVWPNSTA) Seal Beach Site 70 in the
City of S eal B each, California. Three pha ses of act ivities w ere com pleted for e ach of't he
treatment cells, as follows:

o Phase 1 — Pre-Demonstration L aboratory I nvestigations. Bench-scale testing
was performed to demonstrate that the bioaugmentation culture c ould overcome
the hi gh s ulfate ¢ oncentrations a t t he s ite. In addition, de oxyribonucleic a cid
(DNA) analysis of site groundwater samples and commercially available cultures,
were used to identify "biomarkers" that provided the a bility to differentiate
between the injected cultures and any native Dehalococcoides spp. (DHC).

o Phase 2 — Tracer Test, Baseline Sampling, and '"Pre-conditioning." Following
treatment cell construction, a tracer test was conducted in each of the treatment
cells t o ve rify t he g roundwater h ydraulics int he sha llow aqui fer. Baseline



sampling w as t hen ¢ onducted t o0 a ssess ¢ onditions, i ncluding ¢ ontaminant a nd
degradation pr oduct ¢ oncentrations, r edox pa rameters, bi ological a ctivity
indicators, and DHC concentrations. Following baseline sampling, electron donor
was injected into each treatment cell to create strongly reducing c onditions and
remove sulfate prior to bioaugmentation.

o Phase 3 — Bioaugmentation an d M onitoring. This t hird a nd f inal pha se
involved injecting the dechlorinating culture into each of the two treatment cells
and performing groundwater monitoring to compare with results from Phase 2.

DEMONSTRATION RESULTS

Bench-scale testing showed that complete de chlorination of TCE to ethene could be achieved
even in the presence of hi gh c oncentrations of sulfate, as long a s sulfate-reducing c onditions
prevailed. Two de chlorinating cultures in microcosms w ith initial sulfate of 1,650 m g/L were
equally successful in dechlorinating 16 mg/L TCE and 6 mg/L cis-DCE completely to ethene in
112 days with complete sulfate removal. In microcosms with much higher initial sulfate (9,270
mg/L), one of the cultures succeeded in converting all of the TCE to VC (45uM) and ethene (119
uM) in 112 days, while removing about 36 percent of the sulfate. While DNA analysis revealed
low concentrations of native DHC at the site in a few locations, it was determined that not all of
the know n functional genes for de chlorination w ere pr esent. S pecifically, the VCrA gene w as
absent i n site ground water. Ast his f unctional ge nei1 s present in commercially available
dechlorination ¢ ultures,i t w ast entatively s elected a s a na ppropriate bi omarker f or t he
bioaugmented culture p ending results of DNA analysis of groundwater samples following the
pre-conditioning phase.

Tracer testing performed following well ins tallation confirmed that tra vel t imes in the tw o
treatment c ells w ere s ufficiently short to satisfy project obj ectives. B aseline groundwater
sampling confirmed that initial conditions were mildly reducing, with very little conversion of
TCE to cis-1,2-dichloroethene (cis-DCE). It was also noted that baseline T CE conditions were
quite high in bot h t reatment c ells. In t he a ctive t reatment c ell, a hi gh of 140,000 pg/L w as
observed in the downgradient part of the cell, though concentrations were generally more like
5,000 to 10,000 pg/L. In the passive cell, TCE concentrations typically ranged from 1,000 ng/L
to 3,000 png/L in the upgradient part of the cell, but were much higher (on the order of 50,000 to
60,000 pg/L) in the bottom part of the middle of the passive cell. In the downgradient monitoring
wells, TCE concentrations were more 10,000 to 20,000 pg/L.

During pre-conditioning, electron donor was distributed throughout most of the passive cell, and
throughout the upgr adient por tion of t he a ctive ¢ ell. W here e lectron donor w as distributed,
sulfate-reducing conditions were generally achieved, and in some locations, TCE transformation
to cis-DCE was observed. However, almost no vinyl chloride was detected, and DHC detections
were few and at very low concentrations. Most importantly for the DNA analysis of groundwater
samples, no detections of the vcrA functional gene were obs erved, confirming its utility as a
biomarker of the bioaugmentation culture.

Bioaugmentation of bot h t reatment c ells o ccurred in J anuary 2009, with t hree passive ¢ ell
injection wells receiving culture, and the tw o active ¢ ell in jection a nd recirculation wells



receiving culture. Following bioaugmentation and during injection of one percent sodium lactate,
considerable increases in numbers of DHC bacteria (ranging from > 10° gene copies/mL to > 10°
gene copies/mL) and all three functional genes (tceA, bvcA, and vcrA) were observed in all wells
in the upper portion of the active cell. However, electron donor distribution became less effective
over time, and more frequent and higher concentration injections were required to maintain an
adequate distribution and efficient DHC growth and dechlorination. Overall, conversion of TCE
to ethene was proceeding effectively in the upgradient third to half of the active treatment cell,
but was not observed at the monitoring well two-thirds of the way down the treatment cell axis.

In the passive treatment cell, the electron donor distribution appeared to improve over time using
the original monthly injection frequency. During the post-bioaugmentation phase, TCE and DCE
were mostly removed, with VC and ethene observed for the first time at injection wells PIW-2
and -3 within two weeks after inoculation in January 2009. A s of October 2009, t otal CVOCs
continue to remain low at all three inj ection wells. H owever, little to no dechlorination was
observed in the upper portion of the passive cell during the post-bioaugmentation phase. While it
was not conclusively demonstrated, it is speculated that inhibition of dechlorination due to the
presence of othe r con taminants i n this ar ea might ha ve be en af actor, as chloroform
concentrations as high as 1,500 p g/L and c arbon t etrachloride as high as 15,000 pg/L were
measured in this area. In contrast, complete r eductive de chlorination of T CE to ethene w as
observed in the central and 1ower portion of the passive cell. In O ctober 2009 bi odegradation
accounted for reduction of total CVOC concentrations by 72 to greater than 92 percent at central
and downgradient monitoring wells compared to CVOC concentrations observed in November
2008. Ethene production was observed as high as 410 u g/L. During the post-bioaugmentation
phase, DHC bacteria a nd functional ge ne ( tceA and vcrA) num bers i ncreased i mmediately
(within 2 weeks of inoculation) at all three injection wells on the order to >10° gene copies/L,
and subsequently increased to similar concentrations in the downgradient two-thirds of the cell.
These concentrations were sustained through October 2009.

The growth of DHC was measured in each cell using DNA analysis of groundw ater sam ples
based on the total number cells at the end of the study compared to the number injected, as well
as by tracking increases over time at monitoring wells. Growth was very similar in both cells,
with about a two order of magnitude increase in cell num bers e stimated in each. It was also
observed that concentrations at injection wells were sustained above about 10° cells/L throughout
the test, and concentrations at monitoring wells increased to concentrations approximately equal
to the in jection wells by the end o fthe test. As with the first m easure of gr owth, the two
bioaugmentation strategies appeared equally effective based on this analysis.

Comparing and contrasting the distribution of DHC by the two bioaugmentation strategies was
the ke y obj ective of t his de monstration. B ased on previous st udies o f ba cterial t ransport in
general, and bi oaugmentation s pecifically, groundwater ve locity appeared to be one of only a
few pa rameters than c an be e asily manipulated dur ing bioremediation t hat m ight ha ve a
significant impact on t ransport of DHC. R elative distribution efficiency of passive vs. active
transport was assessed by comparing travel time of injected DHC to travel of the conservative
tracer (iodide) used in Phase 2 of the demonstration. The groundwater velocity in the active cell
was 1 to 1.8 ft/day, and for the passive cell it was 0.22 to 0.44 ft/d, a difference of approximately
a factor of 5. The tracer and DHC data indicated that bacterial transport was not significantly



retarded compared to groundwater flow in either the active or passive cells. In fact, arrival of
DHC was faster than that of the conservative tracer in the majority of the passive cell monitoring
wells. In the active cell, DHC transport velocity appeared to be approximately equal to that of the
conservative tracer. These results demonstrate that DHC was transported more rapidly relative
to groundwater flow under passive conditions than active recirculation. This is consistent with
previous indications that retardation of DHC transport relative to a conservative tracer increases
with gr oundwater ve locity. The net result w as that t he pa ssive di stribution s trategy pr ovided
effective di stribution of DHC (along with complete de chlorination to ethene) o ver a la rger
portion of the treatment cell than was achieved with active recirculation.

COST ANALYSIS

Projected implementation costsf ora “ typical” a pplication (notinc luding the int ensive
monitoring required for a rigorous demonstration) of bioaugmentation at a 0.5-acre site using the
active and passive approach were estimated based on the demonstration costs. Most of the costs
are similar (e.g. start-up, general construction, monitoring, and performance assessment) because
they are common to both active and passive approaches. However, the construction and O &M
costs for the active approach are approximately three times as high as for the passive approach.
The result is an e stimated c ost for the active approach of $2.5M, compared to $1.5M for the
passive approach. The primary drivers for this cost increase are the significantly higher amount
of | actate r equired, a nd t he hi gher c osts f or ¢ onstruction a nd maintenance of r ecirculation
systems. F orasi telike S eal B each, the be nefits of i mplementing an active r ecirculation
approach do not appear to be justified by the increased costs.

It should be noted, however, that some sites have conditions that would lead to more significant
benefits f or r ecirculation s ystems. F or s ites with ve ry hi gh gr oundwater f low ve locities,
recirculation might be needed to manage r esidence time within the t reatment zone to avoid
potential off-site migration of partially chlorinated byproducts such as cis-DCE and VC. Such a
site would also allow electron donor to be distributed over a much larger distance prior to being
degraded than was possible at Seal Beach, which would also increase the benefit. On the other
hand, s ites with ve ry | ow gr oundwater ve locities m ight make a pa ssive s ystem i mpractical
because very little distribution can be achieved without enhancing the hydraulic gradient. What
this d emonstration indicates i s that f or si tes that are closertothe “average”in terms of
groundwater velocity, passive bioaugmentation systems are likely to be more cost-effective than
active systems.



1.0 INTRODUCTION

This r eport pr ovides t he ¢ ost a nd pe rformance da ta f or f ull-scale bi oaugmentation systems
designed to transform chlorinated ethenes to ethene in groundwater. In particular, this re port
demonstrates t he r elative pros and cons of active recirculation and passive i nject-and-drift
strategies a sasi de-by-side comparisonb etweent he twoa pproaches f orl arge-scale
bioaugmentation of ¢ hlorinated s olvents i n gr oundwater att he S eal B each N aval W eapons
Station (NAVWPNSTA) Site 70 in the City of Seal Beach, California. This project is sponsored
by the E nvironmental S ecurity T echnology C ertification P rogram ( ESTCP) P roject C U-0513,
with additional funds provided by Naval Facilities Engineering Command Southwest (NAVFAC
SW). The p rincipal inv estigator for this projectis Mr. Joey T rotsky from Naval F acilities —
Engineering Services Command (NAVFAC ESC), and the co-principal investigator is Dr. Kent
Sorenson of Camp Dresser & M cKee [ nc. (CDM). C DM is a de monstration pa rtner unde r
contract number N68711-05-C-0063.

The t wo full-scale b ioaugmentation st rategies were eva luated in treatment cel Is in the same
chlorinated solvent source area at Site 70. Three phases of activities were completed for each of
the treatment cells, as follows:

o Phase 1 — Pre-Demonstration L aboratory I nvestigations. Bench-scale testing
was performed to de monstrate that the bioaugmentation culture c ould overcome
the hi gh s ulfate ¢ oncentrations a t t he s ite. In addition, de oxyribonucleic a cid
(DNA) analysis of site groundwater samples and commercially available cultures,
including quantitative pol ymerase ¢ hain reaction ( qPCR), clone lib rary
development, a nd D NA s equencing w ere us ed t o 1 dentify "biomarkers" that
provided the ability to differentiate between the injected cultures and any existing
Dehalococcoides spp. (DHC) that may have naturally existed in the groundwater.

o Phase 2 — Tracer Test, Baseline Sampling, and ""Pre-conditioning." Following
treatment cell construction, a tracer test was conducted in each of the treatment
cells to verify the groundwater hydraulics in the shallow aquifer. Following the
tracer t est, ba seline s ampling was conduc ted to assess ba seline ¢ onditions
including contaminant and degradation product concentrations, redox parameters,
biological activity ind icators, and DHC concentrations. F ollowing ba seline
sampling, electron donor was injected into each treatment cell to create strongly
reducing conditions and remove sulfate prior to bioaugmentation.

o Phase 3 — Bioaugmentation an d M onitoring. This t hird a nd f inal pha se
involved injecting the dechlorinating culture into each of the two treatment cells
and performing groundwater monitoring to compare with results from Phase 2.

The remainder of Section 1 briefly discusses background information, demonstration objectives,
and regulatory drivers. Section 2 ¢ ontains a description of the technology to be de monstrated.
The performance objectives are provided in Section 3, a nd Section 4 gives a s ite de scription.
Section 5 o utlines the test design and results, while Section 6 pr ovides a detailed performance
assessment. Section 7 usest he de monstration datat o provide a cos tasses smento ft he
technology, and Section 8 outlines implementation issues.



1.1 BACKGROUND

Chlorinated solvents are the most common class of contaminants in groundwater at hazardous
waste sites in the U.S. In 1993, the Agency for Toxic Substances and Disease Registry (ATSDR)
compiled a list of the top 25 ¢ ontaminants de tected at ha zardous w aste sites on the N ational
Priorities List (NPL). The ATSDR ranking identified 8 of the top 20 contaminants as chlorinated
solvents a nd t heir 1 ntrinsic de gradation pr oducts, i ncluding t wo of the top three (Pankow &
Cherry, 1996). The ranking was updated by the ATSDR on their Internet site based on 1996 data
with similar results. Of particular significance is the identification of trichloroethene (TCE) and
tetrachloroethene (PCE) as the first and third most common contaminants at NPL sites in both
surveys. Chlorinated solvents are also the most common contaminants at Department of Defense
(DoD) sites. While NAVWPNSTA Site 70 is not on the NPL, it does have chlorinated solvent-
contaminated groundwater.

While s ignificant progress has be en made in addressing solvent sites, parties responsible for
cleaning up si tes w ith chlo rinated solvents in groundwater ar e s till f aced w ith several
technologies w ith significant cap ital cos ts, secondary waste s treams, the i nvolvement of
hazardous materials, and the potential for additional worker or environmental exposure. A more
ideal technology would involve lower capital costs, would not generate secondary waste streams,
would be non-hazardous to workers and the environment, would de stroy ¢ ontaminants in Situ,
would be low maintenance, and would minimize disturbance of the site.

Bioremediation has been identified as one of the major technologies that may be able to address
this problem at chlorinated solvent sites. However, bacteria capable of complete dechlorination
of chloroethenes to ethene are not always present at these sites, which can cause dechlorination
to "stall" at cis-1,2-dichoroethene ( cis-DCE). W hen t his oc curs, one mitigation strategy is to
perform bi oaugmentation, w hichi st he introduction ofba cteriac apable ofc omplete
dechlorination to ethene into the affected groundwater. This process has only been successfully
demonstrated at the pilot scale, however, and many issues related to full-scale implementation
with important cost implications still need to be addressed.

Previous bi oaugmentation pi lot s tudies w ere c onducted on t he s cale o ftens of feet and used
active recirculation for distribution of the bi oaugmentation culture. T he current de monstration
will c omplementa nd bui Id onpi lot testinga Iready ¢ ompleted by NAVFAC SW at
NAVWPNSTA S eal B each, Site 4 0 that suc cessfully uses a low-cost, pa ssive a pproach f or
implementation of bioaugmentation. The purpose of this demonstration is to compare the low-
cost, passive method for implementation of bioaugmentation to the active recirculation method
for full-scale application at a scale of hundreds of feet or more.

1.2 OBJECTIVE OF THE DEMONSTRATION

The ove rall obj ective of t hisw orkist o comparet he costa ndp erformance of f ull-scale
bioaugmentation of c¢ hlorinated s olvent ¢ ontaminated gr oundwater u sing pa ssive a nd a ctive
distribution approaches. The technical objectives for this demonstration are as follows:

o Extend bioaugmentation cost-effectively to full scale



Demonstrate cost-effective bacterial distribution at a scale of greater than
one hundred feet, r athert han tens of feet asha spr eviously b een

demonstrated

Demonstrate induction of complete dechlorination at the same scale

o Demonstrate that a low -cost, passive approach to bi oaugmentation will achieve
large-scale bacterial distribution and induction of complete dechlorination

o Compare and contrast effectiveness of passive and active approaches of bacterial
distribution

Specific performance objectives for each test scenario are provided in Section 3.

1.3 REGULATORY DRIVERS

The presence of c hlorinated s olvents including PCE, T CE, cis-DCE, trans-1,2-dichloroethene
(trans-DCE), and vinyl chloride (VC) in groundwater is one of the most persistent environmental
problems at N PL si tes, as discus sed in Section 1.1. The Safe D rinking Water A ct (SDWA)
maximum contaminant levels (MCLs) for these compounds are very low, as shown in Table 1-1,
which makes cleanup of these sites difficult given that solubilities can be six orders of magnitude

above the MCL.
Table 1-1. Regulatory Limits for Chlorinated Compounds
. . 1 a1e °
ST Regulatory Limit (MCL) Solubility @ 25°C

mg/L mg/L
Tetrachloroethene 0.005 150°
Trichloroethene 0.005 1,100*
cis-1,2-dichloroethene 0.07 3,500’
trans-1,2-dichloroethene 0.1 6,300°
Vinyl chloride 0.002 2,763"

40 CFR 141.61
Knox et al., 1993
Howard, 1990
Howard, 1989

N




2.0 TECHNOLOGY

The first publications de scribing field-scale bioaugmentation us ing DHC bacteriat o treat
chlorinated ethenes appeared in about 2000, s o this is still a relatively new technology for full-
scale field applications. T his s ection pr ovides a de scription of t he unde rlying t heory thatis
fundamental for technology application, an overview of the history of the de velopment of the
technology, and a brief comparison of the advantages and limitations of bioaugmentation relative
to other source remediation technologies.

In general, bioaugmentation for remediation of chlorinated solvents involves addition of electron
donor ( biostimulation) and a ba cterial ¢ ulture t hat ¢ ontains DHC. Different t echniques ar e
available for bioaugmentation of groundwater, and the appropriate technique depends not only
on t he r elevant a pplication ( i.e., plume containment vs . s ource t reatment), but a Isoont he
electron donor selected. Because all bioaugmentation methods require the addition of electron
donor, 1 t is 1 mportant to ¢ onsider t he e lectron donor d elivery m ethod w hen s electing a
bioaugmentation approach. Several electron donor emplacement methodologies have been used
for bi ostimulation, including (adapted from Interstate T echnology R egulatory C ouncil (ITRC)
[2005]):

e Conventional injection wells - one oran etwork of wellsis usually used with large
volume, 1 iquid e lectron donor 1 njections; most a pplicable f or m oderate t o high
permeability conditions

¢ Direct-push injection points - a network of more closely spaced points is usually used
with s mall vol ume, 1 iquid e lectron donor i njections; m ost a pplicable f or re latively
homogeneous, moderate to high permeability conditions with low to medium advection
to dispersion ratios

e Trenching — passive trenches are usually backfilled with a large mass of solid electron
donor (e.g., mulch or chitin) and/or a long-lived liquid electron donor, often mixed with
sand; can be used in all permeability conditions as long as the permeability of the trench
is at least as high as the formation

e Hydraulic or pneumatic fracturing — either solid or liquid electron donors are emplaced
during or immediately after fracturing; generally used in low permeability conditions or
highly heterogeneous conditions in which low permeability zones require treatment

The c urrent de monstration f ocuses on i mplementing bot h pa ssive a nd a ctive approaches f or
bioaugmentation, both of which use conventional injection wells.

2.1 TECHNOLOGY DESCRIPTION

This description of t he fundamentals r equired f or a pplication of the technology provides an
overview o f bi oaugmentation f or ¢ hlorinated s olvent contaminated groundwater. First, a
discussion of the basics of chlorinated ethene degradation is provided. Second, issues related to
scale-up of bioaugmentation are presented. Finally, factors that can affect bacterial transport in
the subsurface are discussed.



2.1.1 Chlorinated Ethene Degradation

Complete biological reductive dechlorination of PCE and TCE to ethene was first documented
only 2 decades ago (Freedman and Gossett, 1989), and the pathway was observed to proceed as
follows: PCE > TCE - DCE > VC > ethene. It has since been well documented (DiStefano
et al., 1991; deBruin et al., 1992; DiStefano et al., 1992; Ballapragada et al., 1997; Fennell et al.,
1997; C arr and Hughes, 1998 ) and is be ing used successfully to treat chlori nated et henes in
groundwater ( e.g., Songetal., 200 2). Complete r eductive de chlorination ge nerally ha s t wo
requirements. First, redox conditions must be sufficiently reducing that reductive dechlorination
of DCE and V C to ethene is thermodynamically favorable. The free energy yielded by r edox
reactions v aries substantially depending upon the el ectron acceptor. During r espiration,
microorganisms will preferentially use the electron acceptors yielding the greatest free energy
(e.g., Bouwer, 1994). The order of preference for the most common inorganic electron acceptors
is oxygen, nitrate, manganese (IV), iron (III), sulfate, and carbon dioxide (Bouwer, 1994; Cord-
Ruwisch et al., 1988). Therefore, the dominant microbial community in a groundwater system is
largely de pendent upon t he di stribution of el ectron acceptors. While P CE and T CE reduction
might oc cur unde r 1 ron-reducing ¢ onditions, reduction of D CE and VC t o e thene ge nerally
requires a t least s ulfate r educing ¢ onditions, o r more pr eferably m ethanogenic conditions
(Semprini etal., 1995; S orenson, 2000; N AVFAC, 2003 , ht tp://www.ert2.org/dce/tool.aspx).
When e lectron donor is limited, ¢ onditions will often not be sufficiently r educing to achieve
complete dechlorination, causing it to "stall" at DCE. This can be overcome simply through the
addition of a compound that acts as an electron donor, often consisting of a fermentable carbon
source (Sorenson, 2003).

The second requirement for complete reductive dechlorination is a biological community capable
of carrying out the reaction. It is widely accepted that bacteria cap able of ana erobic reductive
dechlorination are vital to biological dehalogenation processes in anoxic environments (Smidt et
al., 2000). In fact, an increasing body of evidence suggests that complete biological reductive
dechlorination of PCE and TCE to ethene requires the presence of a strain of the bacterium DHC
(Cupples et al., 2003; He et al., 2003; Hendrickson et al., 2002). Recent advances in molecular
techniques now allow scientists to characterize microbial communities, including identification
of de chlorinators, m ore fully. T his has 1 ead t o t he di scovery of m any or ganisms c apable of
dechlorinating various compounds (Holliger et al., 1999). Many of these organisms are capable
of reducing PCE and TCE to DCE (Holliger et al., 1999; Drzyzga and Gottschalk, 2002 ), but
only DHC have been found to be capable of complete dechlorination of PCE and TCE to ethene
in a pure culture (Maymo-Gatell etal., 1997, Maymo-Gatell et al.,1999; M aymo-Gatell a nd
Zinder, 200 1). A di fferents train, DHC strain F L2, ha s be eni mplicated f or ¢ omplete
dechlorination in a mixed culture, but it has not been isolated to date (Loffler et al., 2000). Of
particular importance is that a recent study of 24 field sites in North America and Europe found
that strains of this organism were present at all 21 sites that exhibited complete dechlorination to
ethene, while none were found at the three sites examined where dechlorination stopped at cis-
DCE ( Hendrickson e tal., 2002 ). This s uggests t hat w hile DHC are r elatively co mmon and
widely distributed, their absence at a site might prevent c omplete de chlorination. It should be
noted that detection of the DHC genus does not necessarily mean that complete dechlorination of
PCE or TCE will occur at a site because some strains are not capable of dechlorinating PCE and
TCE. For e xample, s train C BDB1 grows by t he de chlorination of ¢ hlorinated b enzenes and



possibly dioxins, but cannot grow by dechlorination of PCE or TCE (Adrian et al., 2000; Bunge
et al., 2003).

2.1.2 Bioaugmentation Scale-Up Issues

Bioaugmentation, the in situ addition of an exogenous bacterial culture containing DHC (in this
case)t o site groundw ater, is ga ining acceptance as a viable s  trategy for r emediation of
chlorinated solvents in groundwater, especially when these bacteria are not naturally present at a
site a nd r eductive de chlorinationis found t o "stall" at cis-DCE. Several la boratory cultures
containing DHC, e.g., Dehalococcoides ethenogenes strain 195, have been shown to be capable
of c omplete de chlorination of P CE, TCE, and DCE to ethene (Fennell etal., 2001; M aymo-
Gatell etal., 1999; M aymo-Gatell etal., 1997 ; Richardson etal., 200 2). In addition, s everal
studies ha ve de monstrated that bi oaugmentation us ing DHC-containing m ixed c ultures ¢ an
overcome D CE stall and facilitate complete dechlorination at the field pilot scale (Ellis et al.,
2000; Lendvay et al., 2003; Major et al., 2002).

While these results are very promising, the transport scale of this work has been no greater than
30 feet. Tor eceive r egulatory and DoD end us er accep tance, cost-effective appr oaches f or
growing | arge vol umes of DHC-containing cultures and distributing t hem acr oss a scal e of
hundreds of feet or more need to be de monstrated and validated. In particular, distribution of
bacteria on a large scale presents a challenge both from a subs urface transport and from a cos't
standpoint. The di stribution of 1ntroduced c ultures dur ing bi oaugmentation i s ge nerally qui te
limited initially both because of the adhesion of bacteria to the soil matrix and the filtering effect
of soil to particles su ch as b acteria. Although 1 ow-adhesion s trains of ba cteria ha ve b een
developed for bioaugmentation in some applications (Steffan et al., 1999), this is only possible
with pure cultures. Because Dehalococcoides ethenogenes is only grown in mixed culture for
bioaugmentation, its adhesion has not been manipulated.

Filtration theory has been used to model bacterial transport during injection, and predicts that
soil will be an efficient filter for bacteria, reducing concentrations by several orders of magnitude
within the first meter of transport from the injection well and generally limiting transport to less
than 2 meters (m) from the injection location, even in the absence of sorption (Goltz et al., 2001;
Martine ta 1., 1996 ). During pi lot-scale d emonstrations, D. ethenogenes has be en further
distributed after inoculation through forced advection (recirculation) systems (these are described
in more detail in Section 2.2). While these systems have been effective at transporting bacteria
approximately 10 feet in 5 weeks (Lendvay et al., 2003) or up to 30 feet in 3 months (Major et
al., 2002), larger scale distribution has not been well documented. Furthermore, the use of such
systems on a scale of hundreds of feet would either require many injection and extraction wells
to achieve distribution on a similar time scale, or would require much higher extraction rates.
Thus, the cost of scale-up could be very high. At active sites, cost increases go beyond merely
the scale because recirculation pipes must be installed across roads, railroad tracks, or utilities,
all of which can be problematic. A further complication is that obtaining regulatory approval to
extract and reinject contaminated groundwater remains challenging at many sites. In some cases
treating the extracted water is required, which eliminates many of the benefits of bioremediation.



2.1.3 Factors Affecting Bacterial Transport

The many factors that affect bacterial transport in the subsurface are widely varied and complex.
Some of the physiological factors that have been implicated as i nfluencing bacterial transport
include cell size and shape, motility, cell wall type, and adsorption characteristics (Becker et al.,
2004; Camesano and L ogan, 1998; Wittet al., 1999). For bi oaugmentation, i noculation fluid
characteristics such as ionic strength and cell concentration have been identified as playing a role
(Camesano and Logan, 1998; Gross and Logan, 1995), as well as flow velocity (Becker et al .,
2004; C amesano a nd L ogan, 1998 ). Other r esearchers have sugge sted thatt he phys ical
heterogeneity oft he p orous m ediumi s apr imary factori nfluencing bacterial at tachment
(Campbell R ehmann a nd W elty, 1999; F ontese ta 1., 1991; Rene ta 1,20 00). Finally,
heterogeneity of the attachment characteristics within a particular bacterial population has also
been implicated as affecting transport (Mailloux et al., 2003; Albinger et al., 1994; Glynn et al.,
1998).

With all of these factors contributing to bacterial transport, development of a rigorous model that
accurately accounts for any one of the factors, let alone the interactions of several factors, would
be a lofty goal. Taking flow velocity as an example, some studies have found that attachment of
motile ba cteria to porous m edia inc reased more w ith decreased flow ra tes than nonmotile
bacteria ( Becker et al., 2004 ), w hile ot hers h ave found that it increased l ess (Camesano and
Logan, 1998). As different bacteria were used in the studies, it is likely that some of the other
factors mentioned above also played a critical role, but that there are simply too many variables
to de sign a ¢ omprehensive s tudy t hat ¢ an e lucidate t heir complex interactions. Becker et al.
(2004) noted that some of their results for different flow rates were "perplexing;" that is, flow
rate a ffects transport b ehavior in ways that are not well understood. To complicate m atters
further, it has be en noted that laboratory studies of ba cterial transport ha ve not s uccessfully
predicted field-scale transport (Harvey et al., 1993).

Although t he ¢ omplexity of ba cterial transport and the de velopment of a ge neral, pr edictive
model that can be used to design bioaugmentation s trategies for a wide r ange of bacteriais
daunting, such a ge neral unde rstanding i s no tr equired i nt he s pecific ¢ ase of opt imizing
strategies f or bi oaugmentation using DHC-containing cultures f or ¢ hlorinated s olvent
remediation. Given that the focus is on only one population of bacteria, the physiological factors
that affect transport are no longer variable, and an empirical approach can be used to evaluate the
remaining factors. An e mpirical approach is further justified by the difficulty noted above in
accurately representing field-scale t ransport phenomena at t he 1 aboratory scale. Ignoring t he
physiological f actors, thet ransportf actors remaining thatc an bec ontrolled during
bioaugmentation are reduced to flow velocity, ionic strength, and cell concentration. While low
ionic strength solutions have been shown to improve bacterial transport (Gross and Logan, 1995;
Fontesetal., 1991), t he i mprovements a re not a lways | arge, a nd t he | ogistical di fficulty of
injecting large volumes of low ionic strength solutions at field scale in varied geologic conditions
is problematic ( Camesano and L ogan, 1998 ). The de gree to which bacterial dispersal can be
achieved at high concentrations depends upon w hether the cells exhibit "blocking" behavior or
"ripening" behavior (Camesano and Logan, 1998). Blocking implies that the cells do not tend to
stick to each other, so they block attachment sites, forcing other cells to flow beyond them. This
behavior allows high cell concentrations to be used to enhance dispersal. Ripening implies that
the cells adhere strongly to each other and tend to increase the filtering efficiency of the porous



medium, pr eventing d istribution o fc ellsa t high ¢ oncentrations. Asi tha sa lready been
demonstrated that injection of DHC at relatively high concentrations (~10® cells/mL) can be used
successfully to achieve distribution at a scale of tens of feet, ripening does not appear to be a
problem. Thus, for a given site, flow velocity appears to be one of the most important factors
affecting bacterial transport that can easily be controlled during full-scale implementation.

While the fundamental issues a ffecting transport of DHC (or bacteria in general) are not well
understood, results from a recent study at NAVWPNSTA Site 40 (see Section 2.2) suggest that a
passive distribution system (low velocity) may be far more cost-effective for scale-up than an
active re circulation system (high velocity). This study is designed to validate these results by
measuring DHC transport a nd t he r esulting i nduction of ¢ omplete de chlorination us ing bot h
passive and active distribution approaches at full scale. The empirical approach described herein
will provide information regarding a potential key control on bacterial transport at full s cale,
avoiding the concern of representativeness of laboratory-scale studies. It will also provide this
information in a timely manner so that the results can be applied to current problems quickly,
which would be very unlikely if a fundamental research approach were used.

22  TECHNOLOGY DEVELOPMENT

The use of active recirculation to distribute bacteria and induce complete dechlorination is well
documented at the pilot scale (Ellis et al., 2000; Lendvay et al., 2003; Major et al., 2002; Hood et
al., 2008), although sufficient sampling was not performed in all cases in order to provide a full
assessment of bacterial growth and distribution. For example, in the Ellis et al. study (2000) at
Dover Air Force Base, DHC was not analyzed in field samples. For the B achman R oad Site
study (Lendvay et al., 2003), DHC analysis was performed, but it was already present in the first
post-inoculation samples 35 days after inoculation. A study at Kelly Air Force Base (Major et al.,
2002) w as the onl y one for w hich DHC transport t imes c ould be r easonably e stimated a nd
compared to conservative transport times. Based on bromide transport data and DHC detections
provided in M ajor et al., travel times for DHC were be tween 61 a nd 176 t imes 1 onger t han
conservative transport. Based on the fact that VC was detected 15 da ys a fter inoculation, the
Bachman Road Site study suggested that DHC transport time along the short flow path from the
injection/inoculation w ells (approximately 3.2 m eters) w as only about 2.3 t imes gr eater t han
conservative transport times based on t he reported Darcy velocity for the test area (Lendvay et
al., 2003). The Cape Canaveral L C-34 project (Hood et al., 2008) had DHC bacteria al ready
present in the treatment cell prior to bioaugmentation; however, post-bioaugmentation operations
showed a 2-3 orders of magnitude increase in cell counts, as well as significant production of
ethene. Still, quantification of transport of the added DHC bacteria could not be performed.

While these studies w ere conduc ted on small scal es, o ther studies looked at bi oaugmentation
using active r ecirculation at al arger scale. Scheutz et al., 2008 us ed a ctive r ecirculation for
bioaugmentation at alarger s cale (approximately 100 f eet be tween i njection a nd e xtraction
wells). This field demonstration showed distribution of electron donor more than 65 feet from
injection wells, as well as induction of dechlorination to ethene at a similar scale. However, it
was determined that indigenous b acteria w ere capable of performing de chlorination to ethene,
and that the vcrA gene that encodes for VC reductase w as present dur ing baseline sam pling.
Bioaugmentation w as p erformed t o r educe 1 ag t imes f or c omplete d echlorination; how ever,
quantification of transport of introduced bacteria could not be performed.



In contrast to these recirculation systems, passive DHC distribution appr oach was r ecently
demonstrated in a bioaugmentation pilot test at NAVWPNSTA Seal Beach, Site 40. Prior to the
bioaugmentation phase at Site 40, b iostimulation was performed for 8 m onths to overcome the
electron donor limitation at the site, which initially had sulfate ¢ oncentrations of 200 to 500
milligrams pe r l iter (mg/L) (Figure 2 -1). A s predicted b ased on thermodynamics a nd field
observations ( Bouwer, 1994; S emprinie ta 1., 1995; S orenson, 200 0; N AVFAC, 2003 ),
dechlorination of PCE to D CE oc curred s hortly a fter t he ons et of s ulfate r eduction and t he
removal of sulfate within about 2 to 3 months a fter the start of biostimulation (French et al.,
2003; Rahm et al., 2006). Although conditions became methanogenic and electron donor w as
abundant for over 6 months, dechlorination beyond cis-DCE did not occur after more than a year
(Figure 2-2(a)). Highly sensitive DNA analysis performed after biostimulation revealed that no
DHC were present at the site (Rahm et al., 2006).

In April 2003, two wells (M W-40-22 and M W-40-25, s ee Figure 2 -3), were in oculated with
20 liters ( L) each of a com mercially available DHC-containing c¢ ulture. Forced adve ction
occurred only during brief periods when sodium lactate was periodically injected in MW-40-28,
approximately 8 f eet f rom the tw o inoculation wells (F igure 2 -3). No ot her i njection o r
extraction was performed during the test. During injection, the average hydraulic gradient in the
treatment cell was 0.004, while it was approximately 0.00024 under ambient conditions. Based
on these conditions, the injection durations, an average hydraulic conductivity of 97 feet per day
(ft/d), and an estimated effective porosity of 0.20, the expected travel times for groundwater to
move from inoculation well MW-40-22 to downgradient monitoring wells MW-40-23 (7.2 feet)
and M W-40-24 (16.5 feet) are 26 d ays and 93 d ays, respectively (Table 2-1). In M W-40-23,
DHC were detected using qPCR in the first post-inoculation samples analyzed from that well,
some 91 da ys after inoculation (Figure 2-4) (see also Rahm et al., 2006). Thus, the maximum
travel time for DHC was about 3.5 times longer than that e xpected for c onservative transport
with gr oundwater. The de tection of VC at this | ocation in the June 18 sample ( Table 2 -2),
however, suggests that DHC activity may ha ve be en pr esent much e arlier, just 63 days a fter
inoculation. In that case the travel for DHC would be only 2.4 times longer than conservative
transport.

Similar to MW-40-23, DHC were detected in the first post-inoculation samples analyzed from
MW-40-24, in this case 119 days after inoculation (Figure 2-4 and Table 2-1). VC was actually
not detected at this location until the next sampling round (Table 2-2), so 119 days is likely close
to the actual arrival of DHC at this well. The travel time for DHC was therefore only about 1.3
times longer than would be expected for conservative transport. Therefore, although groundwater
velocities were fairly slow (0.12 ft/d without injection) in this passive system, transport of DHC
was only slightly retarded. In addition, no lag time was observed for dechlorination activity after
inoculation. VC and ethene were both observed for the first time in the inoculation wells about 1
week after inoculation (which might have been facilitated by the strongly reducing c onditions
already present). As noted above, VC was also detected in downgradient monitoring wells within
a few weeks of the estimated arrival time of DHC.
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Figure 2-1. Sulfate removal at Seal Beach Site 40 wells following the start of lactate injections during
biostimulation.
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Figure 2-2. Typical dechlorination results during biostimulation at Seal Beach Site 40 including
stoichiometric conversion of PCE to cis-1,2-DCE without any production of vinyl chloride or ethene, and
with some rebound of PCE and TCE in the absence of lactate injections (a). Typical dechlorination
results following bioaugmentation including disappearance of cis-1,2-DCE concomitant with the
appearance of vinyl chloride and ethene; chloroethenes near or below MCLs after 8 months (b).
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Figure 2-3. Site plan for pilot test at Seal Beach Site 40.
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Figure 2-4. Q-PCR results for D. ethenogenes at Seal Beach Site 40 showing passive transport of the
bacteria more than 16 ft downgradient (MW-40-24) and 8 ft upgradient (MW-40-28) in a few months.
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Table 2-1. Estimated Retardation Factors for DHC Transport for

Kelly Air Force Base Recirculation System
(estimated from Major et al. (2002) and the NAVWPNSTA Site 40 passive system)

Kelly Air Force Base NAVWPNSTA Site 40
Well B1 El MW-40-23 MW-40-24
Distance from inoculation point (ft) 7.9 30 7.2 16.5
Estimated conservative travel time (d) 0.17 1.2 26 93
Estimated D. ethenogenes travel time (d) 17<t<30 72 <t<93 63 <t<91 119
Retardation factor 100 <R <176 61 <R<79 24<R<35 1.3

Table 2-2. Chloroethene and Ethene Concentrations (ug/L) for Bioaugmentation
Pilot Test at NAVWPNSTA Site 40 (initial VC and ethene were < 2 pg/L at all wells

and ethene arrived with VC in all wells).

Well Max DCE Final DCE Max VC Final VC First VC Max Ethene
MW-40-22 310 4 45 2.7 April 24 5
MW-40-25 390 4 62 2 April 24 8
MW-40-23 400 6 26 4.8 June 18 9
MW-40-29 410 16 30 8.3 June 18 6
MW-40-24 410 35 63 31 August 14 21

The introduced DHC were observed not only 16 feet downgradient from the inoculation point,
but also 8 feet upgradient in the lactate injection well, in less than 4 months (Figures 2-3 and 2-4)
(see also Rahm et al., 2006). Just as important, the arrival of DHC corresponded closely to the
first appe arance of VC and ethene in each of the monitoring wells ( Table 2-2). Furthermore,
concentrations of PCE, cis-DCE, and VC were all near or below MCLs throughout the treatment
area in less than 8 months (Figure 2-2(b), Table 2-2). While aqueous and soil gas concentrations
of de gradation products only accounted for approximately 50 percent of the mass of cis-DCE
degraded (data not shown), many months of biostimulation data with far larger electron donor
injections demonstrated that dilution or displacement did not play a significant role in Cis-DCE's
disappearance (Figure 2-2(a)).

Table 2-1 summarizes the bacterial transport that was observed at both the Kelly Air Force Base
study and NAVWPNSTA Site 40. From Table 2-1, the Kelly Air Force Base travel times suggest
far greater retardation of DHC than was observed at Site 40. As the same culture was used in
both cases, the reason for this disparity is not clear. One significant difference was the electron
donor solution used. At Kelly Air Force Base, the solution consisted of a combination of a time-
weighted a verage of 3.6 mM methanol (approximately 115 mg/L)and 3.6 mM acetate ( and
approximately 212 mg/L). At NAVWPNSTA Site 40, a 3 percent solution of sodium lactate was
injected weekly for5 w eeks, then the f requency was de creasedt o lesst han monthly.
Groundwater was methanogenic in both studies prior to bioaugmentation, so redox conditions do
not appear to be a factor in the transport differences observed. Another significant difference was
the use of a recirculation system at Kelly Air Force Base compared to the p assive system at
NAVWPNSTA Site 40. In the case of motile bacteria, at least one study has shown that they
were a ctually t ransported m ore e ffectively und er | ow flow or no f low conditions than unde r
forced advection conditions (Camesano and Logan, 1998). While it is not known whether flow
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conditions are an important factor for distribution of DHC, which are non-motile, this possibility
cannot be dism issed. As discus sed above, flow condi tions ar e t he primary factor af fecting
transport of a given bacterium in the field that we can easily control. It is interesting that DHC
were detected under passive conditions at NAVWPNSTA Site 40 not only dow ngradient, but
also in MW-40-28, 8.1 feet upgradient of the inoculation well. This seems remarkable given that
this transport occurred without any injections in the inoculation well to facilitate it.

The lag time prior to onset of dechlorination was insignificant in Lendvay et al. (2003), as was
true at NAVWPNSTA Site 40. This raises the question of whether transport of DHC might be
related toits growth. The t wo s tudies t hat ha d i nsignificant de chlorination lag pe riods ( and
presumably more rapid growth) showed DHC transport that was only mildly retarded relative to
conservative transport, while the Kelly Air F orce Base study had a significant lag period and
exhibited gr eatly r etarded t ransport of DHC. Priorto this de monstration, a ny pot ential
connection between gr owth a nd t ransport or flow c¢ onditions a nd t ransport would ha ve be en
speculative, but this de monstration directly measured the latter at full scale. In any case, the
passive distribution s ystem was not only highly successful for destroying cis-DCE at the pilot
scale at Site 40, but also appeared to be equal or superior to more expensive and logistically
challenging recirculation systems for distributing DHC throughout the area of interest (Table 2-
2).

The second issue for which preliminary data have been collected at NAVWPNSTA, Site 40 is
the potential ease with which the in situ dechlorinating community can be transferred from one
location to another after growth and adaptation under site conditions. The bioaugmentation pilot
test w as c ompleted in the fall of 2003. In June 2004, i n or der t o d emonstrate the proofo f
principle f or the ¢ oncept of r edistributing t he in situ DHC-containing ¢ ommunity from t he
bioaugmentation a rea to ne w a reas on-site, g roundwater from M W-40-22 in t he pi lot a rea
(Figure 2 -3) w as pum ped into a tank a nd r einjected i nto MW-40-27, 1 ocated do wngradient.
Sodium lactate had been injected into MW-40-27 in April 2004 to create conditions that would
facilitate rapid growth of the dechlorinating populations. This exercise also served to help ensure
the s ustenance of t he d echlorinating popul ations, w hich were be ing transferred from an area
where chlorinated compounds were depleted to an area where P CE concentrations were above
800 micrograms per liter (ug/L).

Figures 2-5 and 2-6 reveal the results of this "proof of principle." Figure 2-5 shows the chemical
oxygen demand (COD) increasing in response to the April lactate injections. It also shows the
increase in the number of gene copies per liter of groundwater measured in the well following
transfer of groundwater from the pilot test area.

It is particularly interesting to note the DHC DNA c oncentrations w ere a ctually an or der of
magnitude higher in MW-40-27 in July 2004 than they were in MW-40-22 (the well from which
groundwater containing large amounts of DHC DNA was transferred). This indicates that DHC
were actively growing to | arge nu mbers in M W-40-27 w ithin 1 month. This pointis further
demonstrated by t he data shown in Figure 2-6. While a sm all increase in DCE was obs erved
prior to injection of water from the bi oaugmentation area, PCE c oncentrations also increased
slightly.
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Figure 2-5. COD concentrations in well MW-40-27 at Seal Beach in response to lactate injections, and
Dehalococcoides DNA concentrations in response to transferring groundwater from the bioaugmentation
pilot test area.
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Figure 2-6. Dechlorination at well MW-40-27 following injection of water from MW-40-22. Note that
initial PCE concentrations were 810 ug/L, TCE was at 85 ug/L, and DCE was 65 ug/L.
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Within 1 month of the injection of MW-40-22 water in MW-40-27, however, PCE and TCE both
were undetectable, VC and ethene were detected at significant levels for the first time, and the
degradation products more than accounted for the mass of P CE that was degraded. These data
demonstrate that once a robust, dechlorinating community is established in situ, it can easily be
transported around a site to facilitate semi-passive distribution at a large scale without the need
to pur chase 1 arge volumes of culture or construct l arge-scale recirculation systems. The same
thing could potentially be accomplished either by waiting long periods of time for transport of
the bacteria with the natural gradient, or by installing a groundwater recirculation system, both of
which have been done, but this approach appears to be much more c ost-effective. This is an
important ¢ onsideration a llowing f or the pot ential us e o fa pa ssive ba cterial growth and
distribution strategy.

23 ADVANTAGES AND LIMITATIONS OF THE TECHNOLOGY

Significant advantages of bi oaugmentation t echnology in ge neral include | ow risk t o hum an
health and the e nvironment dur ing i mplementation, 1 ow s econdary w aste ge neration, m inimal
impacts during operations, and overall risk reduction. In addition, when applied in a source area,
bioaugmentation offers the potential for complete source cleanup using one technology without a
requirement for s eparate pol ishing technologies, w hich is a si gnificant advantage from a cos t
standpoint. Source removal technologies generally do not remove all of the chlorinated solvent
present, a nd r ely on po lishing t echnologies i ncluding in situ bioremediation a nd monitored
natural attenuation to achieve cleanup standards. In situ bioremediation w ith b ioaugmentation
integrates s ource removal a nd pol ishing, thereby f acilitating a ttainment of c leanup goa Is by
reducing the need for further infrastructure, treatability studies, modification of site conditions,
etc. that may be required to implement a polishing technology following source removal.

Challenges for bioaugmentation can include any of t he si te-specific ¢ haracteristics tha t 1 imit
application of many r emedial t echnologies, i ncluding ¢ omplex 1 ithology, 1 ow permeability
media, and high concentrations of competing electrons acceptors. In addition, this technology is
probably no t a pplicable f or s ites ¢ ontaminated by large volumes of free-phase dense, non -
aqueous phase liquid (DNAPL) ( ITRC, 2005). Finally, the generation of methane is common at
bioremediation/bioaugmentation sites, as is the temporary production of VC. Both of these can
partition into the vadose zone above the water table, which can be a concern if the contamination
is present in shallow groundwater underneath buildings or utility corridors.

Other t echnologies currently de monstrated a t pi lot or f ull-scale f or ¢ hlorinated s olvent
remediation i nclude thermal t echnologies (i.e., steam, electrical resistance he ating or E RH,
conductive he ating), in Situ chemical oxidation, surfactant/cosolvent floods, S VE/air s parging,
and pump and treat. Steam injection and ERH both heat soil and water to volatilize chlorinated
solvents f or r ecovery, while in situ chemical oxidation d estroys ¢ ontaminants in Situ using
Fenton's reagent or other oxidants. Pumping and treating groundwater is currently used more for
hydraulic ¢ ontainment, or t o i nduce a gr adient, t han f or ¢ hlorinated s olvent remediation;
however, thist echnology i s f requently us ed as a ba seline f or c omparison. Table 2 -3 lists
advantages and limitations of each.
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Table 2-3. Advantages and Limitations of Competing Technologies

Technology

Advantages

Limitations

Bioremediation/ Bioaugmentation

All treatment performed in situ; low
infrastructure and energy
requirements; no secondary waste
produced; costs moderate.

Relatively slower; requires longer
monitoring period; not applicable for
large volumes of free-phase
DNAPL,; production of methane and
VC must be considered

Thermal (steam, ERH, conductive
heating)

Relatively rapid source reduction
possible; can be used for large
volumes of free-phase DNAPL

Energy intensive, expensive; high
secondary waste production

In situ chemical oxidation

Source reduction might be more
rapid than bioremediation, though
this is not well-documented; very
little secondary waste produced.

Carbonates and organics compete
for hydroxyl radical, oxidant is
quickly consumed, limiting
distribution in the subsurface;
rebound of contaminants common;
not applicable for large volumes of
free-phase DNAPL

Surfactant/cosolvent flooding

Can be used for large volumes of
free-phase DNAPL

Requires uniform, moderate to high
permeability; high secondary waste
production; only applicable for
source areas; usually expensive and
requires polishing

SVE/air sparging

SVE effective for vadose zone,
short-term costs moderate.

Ineffective for source removal; air
sparging requires intensive research
at pilot scale; typically requires off-
gas treatment at the surface

Pump and treat

Effective for hydraulic containment
during remediation

Ineffective for source removal;
difficult to terminate operations;
expensive

In addition to the general advantages and limitations for bioaugmentation discussed above, each
bioaugmentation a pproach be ing t ested i n t his de monstration ha s i ts ow n a dvantages a nd
limitations. For the active recirculation for bioaugmentation, the most significant advantage is
that it provi des t he m ost cont rol o ver am endment dist ribution because t he grad ients can be
manipulated. Other advantages include:

e The ability to achieve fastest initial donor di stribution, w hich c an l ead to more rapid
onset of reducing conditions
e Can achieve larger distribution from an individual injection point (i.e. larger radius of
influence during injection)
e Ability to add large amounts of amendments over a relatively short timeframe

The m ost si gnificant di sadvantage for active recirculation is that it generally has the highest
capital costs and O &M requirements of any approach. Continual system monitoring, either by
automated i1 nstrumentation, or by o nsite st aff, is ne eded to ensure ups et condi tions ar € not
encountered and that all above ground equipment is operating as designed. In addition, logistical
constraints at active facilities may impact placement of above ground infrastructure.
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The primary advantage to passive approach for bioaugmentation is that it is a flexible approach
that a llows f or f requent a pplications of e lectron donor , w hile ke epingt he operational
requirements (and costs) low. Other advantages include:

e Ability to distribute and maintain high concentrations of electron donor to a large radius
of influence from individual injection points

e Abilityt o perform frequent ( i.e., monthly t o qua rterly) a mendment i njections ¢ ost
effectively (on smaller scales)

e Large areas can be treated effectively with multiple injection points

e Minimal O&M and capital requirements compared to active recirculation.

The main disadvantage for the passive approach is because the primary distribution mechanism
is ambient gr oundwater flow; the success of this i njection technique is hi ghly de pendent on
subsurface conditions at the site. If ambient groundwater is too slow, then the area treated using
this a pproach may be limited. [n addition, the time and number of injections required be fore
reducing conditions are achieved can be significantly longer compared to an active recirculation
system. Also, individual injections can take multiple days depending on subsurface conditions.
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3.0 PERFORMANCE OBJECTIVES

This demonstration complemented work completed under the ESTCP project "Bioaugmentation
for Chlorinated Solvent Remediation: Microbial Transport, Growth, Survival and Dechlorinating
Activity" (ER-0315). Ita Iso built uponpi lott esting completed by NAVFAC SW at
NAVWPNSTA Site 40 that successfully used a low-cost, passive approach for implementation
of bi oaugmentation. A s described in Section 1, the technical objectives for this project are as
follows:

J Extend bioaugmentation cost-effectively to full scale

- Demonstrate cos t-effective ba cterial di stribution a t s cales of hundr eds,
rather than tens, of feet

- Demonstrate induction of complete dechlorination at the same scale

o Demonstrate that a low -cost, passive approach to bi oaugmentation will achieve
large-scale bacterial distribution and induction of complete dechlorination

o Compare and contrast t he ef fectiveness of passive and active approaches of
bacterial distribution

The critical performance elements to measure were the results of the Phase 1 laboratory studies,
the effects of the Phase 2 bi ostimulation/pre-conditioning, and the distribution of bacteria and
extent of dechlorination in each of the treatment cells during Phase 3. Thus, the parameters to be
monitored i nclude DHC cell ¢ ounts, ¢ hloroethenes a nd m etabolites, e lectron donor and
fermentation products, bioactivity and redox indicators, and cost. The performance criteria are
identified specifically in Table 3-1. These performance objectives were derived from those that
were presented in the ER-0513 Demonstration Plan.

3.1 PHASE 1 PERFORMANCE O BJECTIVES — BENCH SCALE T ESTING AND
BIOAUGMENTATION CULTURE SELECTION

Phase 1 of t he E R-0513 pr oject comprised conducting laboratory s tudies to ¢ onfirm t hat
dechlorination c ould be stimulated in the high sulfate e nvironment present at NAVWPNSTA
Site 70, a nd to s elect a bi oaugmentation c ulture for t he de monstration. These obj ectives are
described further below.

3.1.1 Demonstration of Dechlorination using Site Groundwater

Site 70 w as know n t o ha ve s ulfate a nd ¢ hloride ¢ oncentrations i n excess o f 1,000 mg/L
throughout the source area, with concentrations as high as 8,000 mg/L or more in some areas due
to past chemical oxidation activities. Sulfate-reducing bacteria can compete with dechlorinators
for available electron donor, and high sulfate concentrations have been shown to inhibit complete
dechlorination w hen the sulfate c annot be removed. For this reason, ESTCP requested be nch-
scale testing be performed to evaluate a com mercially available bioaugmentation culture for its
ability to overcome the high sulfate concentrations and dechlorinate TCE to ethene.
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Table 3-1. Technology Demonstration Performance Objectives

Project Phase

| Performance Objective

| Data Requirements

| Success Criteria

| Results

Quantitative Performance Objectives

Phase 1: Demonstrate that
selected bioaugmentation
culture can overcome high
sulfate conditions and
perform dechlorination to
ethene; select a
bioaugmentation culture that
contains DHC that can be
distinguished from indigenous
DHC

Demonstrate that at least one
commercially available
bioaugmentation culture can carry out
complete dechlorination in the
presence of high sulfate
concentrations.

Electron donor, sulfate,
chloroethene, and dissolved gas
concentrations in bench-scale
study

Production of ethene at concentrations at least 2X
detection in bench study using site groundwater
samples, reduction of 95% TCE

Successful — see
Section 6.1.1

Determine if DHC are present onsite;
if so select a culture that contains a
DHC strain or functional gene not
present naturally at site.

qPCR results; DNA sequencing
results

Identification of a biomarker that is present in
bioaugmentation culture(s) but not in native
strains of DHC

Successful — see
Section 6.1.2

Phase 2: Determine baseline
conditions and pre-condition
treatment cells

Demonstrate that the layout and
residence time of each treatment cell
are such that demonstration
performance can be meaningfully
evaluated in a sufficient time.

Tracer compound (iodide)
concentrations over time,
groundwater velocity and
direction, residence time

Construct treatment cells such that travel time
from injection wells to monitoring wells is 6
months or less

Successful — see
Section 6.2.1

Demonstrate that electron donor can
be adequately distributed to remove
sulfate from the system and create
strongly reducing conditions in both
treatment cells.

Electron donor, sulfate, ferrous
iron, and methane data to verify
that whey injections have created
strongly reducing conditions

Sulfate reducing conditions achieved at
monitoring wells nearest to injection locations

Partially
Successful — see
Section 6.2.2

Phase 3: Determine full-scale
effectiveness of bacterial
distribution using passive and
active circulation systems

Determine bacterial growth and
distribution throughout the treatment
cells using both bioaugmentation
scenarios.

qPCR analysis, iodide tracer

Collect data that allow for quantitative assessment
of tracer and bacterial transport time, and growth
of bacteria over time

Successful — see
Section 6.3.1

Determine extent of dechlorination in
both treatment cells during the test
period

Chloroethene and dissolved gas
concentrations; stable carbon
isotope analysis

Achieve full dechlorination to ethene using both
approaches — detection of ethene at greater than
2x detection limit at greater than or equal to 2/3 of
the monitoring wells in a given treatment cell

Partially
successful — see
Section 6.3.2

Qualitative Performance Objectives

Determine ease of use for both active
and passive approaches

Feedback from field personnel;
injection and operational logs

Quantify operational requirements for each
approach

Successful — see
Section 6.4
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The microcosm tests were conducted using site groundwater. Two mixed cultures of DHC that
were most likely to tolerate high concentrations of sulfate and chloride were used in these tests.
Whey was used as the electron donor, and live microcosms received trace nutrient amendments
(e.g., NH4, P O4, ye ast e xtract, and vi tamin B 12). The test for each well consisted of t hree
microcosm bottles: 1) killed control; 2) whey, trace amendments, and bioaugmentation culture
#1; and 3) whey, trace amendments, and bioaugmentation culture #2. The tests were conducted
for approximately 3 -4 months. Data collected during the lab study included monthly sampling
for sulfate, electron donor, chlorinated compounds, ethene, ethane, and methane.

The success criterion for this performance objective was production of ethene at concentrations
at least 2X detection, and reduction of TCE by at least 95 percent in the microcosms. The results
of the study showed that dechlorination of TCE to ethene was achieved in less than 4 months,
with nearly complete removal of TCE. Therefore, this performance objective was met. The full
discussion of the results related to this performance objective is presented in Section 6.1.1.

3.1.2 Select Bioaugmentation Culture with Reliable Biomarker

Another c oncern for i mplementation of the de monstration is that the site might have already
contained DHC prior t o t he de monstration, which w ould make t racking of t he i ntroduced
bacteria difficult. In order to address this concern, samples of site groundwater were coll ected
from M W-70-27 and EW-70-01 and analyzed for DHC DNA. In addition, three commercially
available bioaugmentation cultures were screened and DNA was sequenced in order to select a
bioaugmentation culture that could be reliably distinguished from any indigenous species.

The s uccess criterion for thi s obj ective w as i dentification of a bi omarker thatis presentin
bioaugmentation culture(s) but not in native DHC. The results from the DNA study showed that
the functional gene VCrA was not present at the site, but was present in a commercially available
bioaugmentation culture. Therefore, this performance objective was met. The full discussion of
the results related to this performance objective is presented in Section 6.1.2.

3.2 PHASE 2 PERFORMANCE OBJECTIVES — BASELINE C ONDITIONS AND
PRE-CONDITIONING

The pur pose of P hase 2 of the ER-0513 pr oject w as t o de termine gr oundwater hydr aulic
conditions and ba seline ¢ ontaminant di stribution, DHC distribution, and ge ochemical
concentrations prior to beginning the biostimulation and bioaugmentation in each treatment cell.
Performance objectives were established related to demonstrating that the treatment cell layout
was such t hat m eaningful r esults c ould be obtained during the timeframe o f t he project, and
related to establishing appropriate ¢ onditions pr iort o conducting bioaugmentation. These
objectives are discussed further below.

3.2.1 Treatment Cell Construction and Residence Time

Due to the slow ambient groundwater velocity in the Site 70 source area, ESTCP was concerned
that ef fects of e lectron donor i njections a nd bi oaugmentation w ould not be obs erved a t
monitoring wells w ithin the tim eframe of the d emonstration, at le ast for the passive cell. In
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addition, historical data that were available for the site did not provide conclusive information
regarding groundwater flow magnitude and direction in the Upper Fines unit (see Section 4.2.2)
on the scale of the source area. In order to verify that meaningful results could be obtained using
the propo sed treatment cel 1 layout, atracer test was conducted t o ve rify the gr oundwater
hydraulic ¢ onditions i n t he t reatment c ells. D ata ¢ ollected i n s upport of t his ob jective w ere
multiple iodide tracer samples collected from active cell and passive cell monitoring wells.

The success criterion for this objective was to construct the treatment cells such that travel time
from inj ection wells to monitoring wells was 6 months or less. The results of the tracer test
showed arrival in some wells in less than 1 month, and subsequent sampling for tracer indicated
that travel timesto mostm onitoring wells were le ss than 4 months. These r esults were
documentedina memotoE STCP da ted June 6, 2008 ( see A ppendix B). Therefore, this
performance objective was met. The full discussion of the results related to this pe rformance
objective is presented in Section 6.2.1.

3.2.2 Pre-Conditioning Results

Baseline sampling w as ¢ onducted t 0 a ssess baseline ¢ onditions 1 ncluding ¢ ontaminant a nd
degradation product concentrations, redox parameters, and biological activity indicators (refer to
Section 5.2 for complete baseline sampling results). In summary, the baseline results confirmed
the pre-demonstration conditions in the source area, namely that conditions were anaerobic but
mildly reducing, with very hi gh sulfate c oncentrations and very limited de chlorination to cis-
DCE in some areas. Because these conditions were not ideal for bioaugmentation, electron donor
additions were performed to "pre-condition" the aquifer to reduce sulfate concentrations and to
drive r edox ¢ onditions more s trongly r educing. Data c ollected i n s upport of t his obj ective
included r edox-sensitive pa rameters ( specifically sulfate, ferrous iron, and methane), electron
donor (as COD), volatile organic compounds (VOCs), and DHC using qPCR.

The suc cess criterion for t his obj ective w as to create at least sulf ate-reducing conditions a t
monitoring wells nearest to injection locations, such that the bioaugmentation culture would have
a favorable environment following inoculation. Results showed that redox conditions nearest the
injection locations were sulfate reducing to methanogenic in both treatment cells following the
pre-conditioning phase. These results were documented in a memo to ESTCP dated December
28,2008 (see Appendix B). Therefore, this performance objective was met. The full discussion
of the results related to this performance objective is presented in Section 6.2.2.

33 PHASE 3 PERFORMANCE OBJECTIVES - BIOAUGMENTATION RESULTS

The purpose of Phase 3 of the ER-0513 project was to demonstrate full-scale bioaugmentation
and dechlorination using both the active and passive approaches. Phase 3 of the ER-0513 project
began with inoculation of both treatment cells. Performance objectives were established related
to collection of data that would allow for quantification of bacterial distribution and growth, and
assessment of the extent of dechlorination. These objectives are discussed further below.
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3.3.1 Bacterial Growth and Distribution

The first Phase 3 objective was to assess and quantify bacterial growth and distribution in both
treatment cells. Bacterial distribution was assessed by analyzing the first arrival of DHC bacteria
(as measured by qPCR analysis) ata giving monitoring location following i noculation. This
travel time was then compared to the travel time for ambient groundwater, as determined from
the t racer t est. Bacterial grow th was t hen assessed by analyzing t he i ncrease of DHC and
functional gene counts at a given location once first arrival had been established. Data collected
in support of this objective included concentrations of DHC using qPCR and iodide tracer.

The success criterion for this objective was to collect data that allow for quantitative assessment
of tracer and bacterial transport time, and growth of bacteria over time. No specific criteria were
set in terms of bacterial transport times or cell counts. Therefore, this performance goal was met.
The full discussion of the results related to this performance objective is presented in Section
6.3.1.

3.3.2 Extent of Dechlorination

The second Phase 3 objective was to assess and quantify the extent of dechlorination using both
the active and passive bioaugmentation approaches. In the ER-0513 work plan, decision rules
were de fined for t his p erformance obj ective based on trends obs erved in m onitoring data, as
shown in Table 3-2:

Table 3-2. Decision Rules for Dechlorination Performance Objective

Redox Conditions Chloroethenes Ethene gqPCR
Favorable trends Sulfate decreasing Decreasing or not Increasing or molar | DHC bacteria
or absent; Methane detected equivalent to initial | detected

detected

TCE

Unfavorable trends

Sulfate present and

Stable or increasing

Not detected

No DHC bacteria

not decreasing; no detected

methane detected

Decision Rule 1: If the passive treatment cell shows all of the favorable trends in Table 3-2 at
>2/3 of all monitoring wells, then it will be determined that full-scale bi oaugmentation w as
successfully implemented using the passive approach. If less than 1/2 of all monitoring wells in
the passive cell show all favorable trends in Table 3-2, then it will be determined that full-scale
bioaugmentation was not successfully implemented using the passive approach. If more than 1/2
but less than 2/3 of all monitoring wells show favorable trends, then further evaluation will be
required.

Decision Rule 2: If the active recirculation treatment cell shows all of the favorable trends in
Table 3-2 over a di stance of greater than or equal to 75 feet from the reinjection wells, then it
will be de termined that full-scale bioaugmentation w as s uccessfully implemented us ing t he
active recirculation approach. If the active recirculation treatment cell does not show all of the
favorable trends in Table 3-2 over a distance of at least 50 feet from the reinjection wells, then it
will be determined that full-scale bioaugmentation was not successfully implemented using the
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active recirculation approach. All other combinations of potential outcomes will require further
evaluation.

A third decision was identified in the D emonstration P lan, t o de termine w hether, and to the
extent pos sible, under what c onditions the passive approach is more technically e ffective and
cost effective than the active recirculation approach. Decision #3 i s based on t he outcomes of
Decisions 1 and 2, as well as on cost. Because of the multiple combinations of outcomes, and
because of the fact that Decision Rules 1 and 2 are qualitative and are based on trends rather than
explicit action I evels, n o de cision r ule w as p resented for Decision #3 . However, an o verall
evaluation was made c onsidering all available data in order to determine w hether the passive
approach was more technically effective and more cost effective than the active approach. This
discussion is presented in Section 6.

Based on these decision rules, data collected in support of this p erformance objective include
chloroethene and dissolved gas concentrations; stable carbon isotope analysis, redox sensitive
parameters, and DHC using qPCR. The success criterion for this performance objective was to
achieve full dechlorination to ethene using both approaches, as indicated by detection of ethene
at greater than 2X detection limit at greater than or equal to 2/3 of the monitoring wells in a
given treatment cell. Based on data collected during Phase 3, this performance objective w as
partially met. The full discussion of the results related to this performance objective is presented
in Section 6.3.2.

34 QUALITATIVE PERFORMANCE OBJECTIVES

One qualitative performance objective was established for the ER-0513 project. This objective
was to assess the ease o fuse for both passive and active approaches. This includes operational
time r equired i n t he field, t ime s pent c onducting maintenance a nd r epair a ctivities, and t he
amount of training required to operate each system. Data collected in support of this objective
include feedback from field personnel; injection and operational logs, and the field team leader
logbook.

The success criterion for this performance objective was to quantify the operational requirements
for each approach. Data collected during the course of the ER-0513 demonstration did allow for
an assessment of the ease of use of both approaches. Therefore, this performance goal was met.
The full discussion of the results related to this performance objective is presented in Section 6.4.
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4.0 SITE DESCRIPTION

This site d escription i ncludes a discussion of't he s ite | ocation a nd hi story, ge ology and
hydrogeology, ge ochemistry, a nd contaminant di stribution. T his i ncludes site ba ckground
conditions a t t he out set of t he d emonstration pr oject, no t i ncluding baseline ¢ haracterization
activities. Results of baseline sampling are provided in Section 5.2.

4.1 SITE LOCATION AND HISTORY

NAVWPNSTA IR Site 70 w as t he former N ational A eronautics a nd S pace A dministration
(NASA) Research Testing and Evaluation Area, a rocket engine test facility located just south of
Westminster Boulevard and east of Seal Beach Boulevard in Seal Beach, California (Figure 4-1).
Site 70 encompasses approximately 40 acres on the northwestern quadrant of the NAVWPNSTA
Seal Beach. Site 70 includes seven office and production buildings, asphalt-paved parking areas,
several aboveground storage tanks, and distribution pipelines.

Past operations at the facilities reportedly included the use of dilute acids, chlorinated solvents
including T CE, phenolic compounds, petroleum oils, sodium dichromate containing hexavalent
chromium (C r°"), detergents, paintw aste containing m etals, volatile organics, an d machine
lubricating oil (Naval Weapons Station Seal Beach, 2005). Currently these facilities are being
used for industrial operations, storage, communications research, and office space.

42  GEOLOGY AND HYDROGEOLOGY
4.2.1 Regional Geology

Most of NAVWPNSTA Seal Beach slopes evenly from approximately 20 feet above sea level in
the nor thwestern part o f the facility to sealevel at the tidal flats of the Seal B each National
Wildlife R efuge in the southeast. NAVWPNSTA Seal Beachislocated ont he L os A ngeles-
Orange County coastal plain and is underlain by approximately 20,000 feet of alluvial deposits.
Recent age alluvial and coastal deposits overlay the NAVWPNSTA Seal Beach area.

4.2.2 Site-Specific Geology

The most recent characterization events at the site were conducted as a part of Remedial Design
Optimization (RDO) a ctivities in 2005 by GeoSyntec C onsultants (GeoSyntec C onsultants,
2006). The RDO included cone penetrometer (CPT) soil and groundwater sampling within the
Site 70 source area, as well as other characterization and testing activities in the downgradient
plume area. Based on boring logs and site geologic models (GeoSyntec Consultants, 2006), the

following hydrostratigraphic units, in order of increasing depth, have been characterized beneath
NAVWPNSTA IR Site 70:
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. Upper Fi nes U nit. This uni t extends f rom ground s urface t o a pproximately
60 feet below ground surface (bgs) and comprises three zones: a shallow zone of
surficial soils and recent clayey sediments; an intermediate zone of interbedded
silts, clays, and sandy silts and clays including a semi-perched zone; and a lower

zone of interbedded silts, clays, and fine to coarse-grained, silty to clayey sands.
Based on CPT boring logs from the RDO activities, fine to medium grained sands
are present from approximately 20 to 30 feet bgs in the source area. These sands
are underlain by a clay unit to about 40 feet bgs.

o First Sand U nit. This unit e xtends from a pproximately 60 to 105 f eet bgs. It
consists of poorly-graded fine-grained sands and silty sands. A coarse sand/fine
gravel layer is present between 80 and 95 feet bgs in some areas.

o Shell Horizon. The shell horizon extends from approximately 105 to 135 feet bgs
and comprises interbedded clays, silts, sands, and gravels below the source area
transitioning to  mainly f ine-grained s andt ot he s outheast. T his unit w as
subdivided into two zones: interbedded clays and fine-grained sands.

. Second Sa nd. This u nitis s imilarto the F irst S and unit a nd extends f rom
approximately 135 to 170 feet bgs.

o Deep Clay Unit. This unit extends from approximately 170 to 190 feet bgs and
appears to be a continuous unit throughout the entire area of Site 70.

o Deep San d U nit. This unitis encountered at approximately 190 f eet bgs and
appears to be similar in character to the First and Second Sands.

It should be noted the site specific geology presented above differs from what is described in the
Final Extended Removal Site Evaluation Report (Bechtel Environmental, Inc., 1999) in that the
Upper Fines Unit is separated into three separate units — the Surficial Soils, Shallow Clay Unit,
and the Interbedded Unit.

4.2.3 Hydrogeology

The principal source of the deposited alluvium referenced above is the San Gabriel River, which
cuts t hrough t he c oastal pl ain ¢ reating t he A lamitos a nd S unset G aps. G roundwater f lows
preferentially through the gaps due to the higher permeability of the alluvial fill within them.
Regional gr oundwater f low i s a Iso i nfluenced by t he L os A lamitos i njection b arrier, t idal
influences, groundwater pr oduction w ells, and manmade r echarge ba sins ( Jacobs E ngineering
Group, 1994).

Groundwater occurrence has been described as semi-perched and unconfined in the fine grained
silt and silty sand that ge nerally comprises t he upper 6 0 feet of t he R ecent A ge de posits.
Confined f reshwater z ones ha ve beeni dentifieda tde pthsof 75a nd200f eetbgs at
NAVWPNSTA Seal Beach and at depths of 250 to 1,000 feet bgs beneath NAVWPNSTA Seal
Beach and neighboring cities (Jacobs Engineering Group, 1994).

This demonstration was conducted in the contaminant source area in the Upper Fines Unit, from
approximately 15 f eet bgs to 35 feet bgs. The water table in the source area was historically

27



present at 5 to 12 feet. Hydraulic conductivity was not directly measured during the RDO. Based
on hi storical da ta, the estimated conductivity in the U pper F ines U nitis 10 ft/d (Bechtel
Environmental, Inc., 1999).

Sitewide historical hyd raulic gradients in the U pper Fines Unit range from 0.0002 to 0.0011.
However, hydraulic gradients w ithin t he contaminant source ar ea f rom 0 -40 f eet bgs ar e
confounding, a s de scribed i na r ecent gr oundwater m onitoring r eport f or S ite 70 ( Bechtel
Environmental, Inc., 2005). Groundwater level data from July 2005 a re shown as Figure 4-2,
which is taken from (Bechtel Environmental, Inc., 2005). Figure 4-2 shows that gr oundwater
flows generally northwest to southeast and culminates in a southwest-to-northeast trough in the
general area of EW-70-01. The occurrence of the trough is attributed to an old stream drainage
system that flowed through IR Site 70 (Bechtel Environmental, Inc., 2005). Groundwater flow in
areas northwest of this trough is to the southeast into the trough, which is consistent with flow
directions in deeper aquifer zones at Site 70. However, in areas that are southeast of the trough,
groundwater actually flows northwest into the trough, with a gradient within the same range as
the overall gradients for the Upper Fines Unit. Once groundwater reaches the trough, it appears
to flow to the southwest (Bechtel Environmental, Inc., 2001), although the resolution of water
level m easurements i n the sour ce area m ay not be suf ficient to fully characterize t he flow
direction.

Also, quarterly water level data collected during 2004 a nd 2005 s how that w ater levels vary
seasonally at Site 70 by nearly 7 feet. However, the oc currence of the trough near the Site 70
source area was observed in all quarters of monitoring, although its inferred location was slightly
further s outheast dur ing t he D ecember 2004 s ampling r ound ( Bechtel E nvironmental, I nc.,
2005).

It is important to note that while this trough was observed during multiple groundwater sampling
rounds, the number of data points used to create the historical groundwater elevation maps is not
sufficient to elucidate detailed hydraulic gradients on the scale of source area (i.e., 200-400 feet).
For example, the site-wide elevation maps from (Bechtel Environmental, Inc., 2005) show the
entire s ource a rea a s h aving t he s ame gr oundwater e levation, w hich w ould i mply t hat no
groundwater flows through the source area (Figure 4-2). However, the gradient between wells
EW-70-01 and MW-70-27 ranges from 0.0012 to 0.0026, w ith the flow direction toward M W-
70-27, suggesting that the location of the trough may be closer to MW-70-27 than to EW-70-01,
as suggested in Bechtel Environmental, Inc. (2005).

4.3 GEOCHEMISTRY

Redox c onditions in the source area, as measured in July 2005 ( Bechtel E nvironmental, I nc.,
2005), were mildly reducing, with oxidation/reduction potential (ORP) ranging from 56 to 179
mV. Dissolved oxygen (DO) was less than 0.5 mg/L, and s ome ferrous iron was de tected in
source area well EW-70-01, at 1.25 mg/L. One unique attribute of Site 70 is very high levels of
sulfate in the source area. In source area well MW-70-27, sulfate was 7,650 mg/L; how ever,
approximately 50 feet away at EW-70-01, sulfate was 1,150 mg/L, indicating that the very high
concentrations ar e | ocalized around M W-70-27. C onsistent w ith t he hi gh 1 evels of s ulfate,
methane was not detected above 110 pg/L.
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Chloride is also high in the source area, with MW-70-27 having a concentration of 3,920 mg/L.
As with the sulfate, chloride decreases significantly from this well to EW-70-01, which had a
concentration of 577 mg/L. Total or ganic carboni s1 owt hroughoutt he a quifer, w ith
concentrations r anging from 0.5 mg/Lto 14.8 m g/L. Thisis consistent w ith the lim ited
dechlorination t hat ha s oc curred i ntrinsically at this site ( see Section 4.4). Alkalinity in the
source area is 500-660 mg/L as CaCOs, indicating that the aquifer has a reasonable buffering
capacity.

Overall, it appears as though the chemical oxidation activities that were conducted near MW-70-
27 have significantly increased sulfate and chloride concentrations locally, and have created less
reducing (although still anaerobic) conditions compared to the rest of the source area. This is
confirmed by the fact that none of the source area R DO groundw ater samples had sulfate or
chloride concentrations of more than 1000 mg/L. Because of this, the geochemistry of EW-70-01
is thought to be more representative of the overall conditions in the source area.

44  CONTAMINANT DISTRIBUTION

The groundwater plume at Site 70 c ontains primarily TCE and other VOCs such as PCE, DCE,
VC, chloroform, and others (Bechtel Environmental, Inc., 2005). The plume is estimated to be
approximately 2,400 f eet 1ong by 2, 000 feet wide and approximately 195 feet deep. There are
two parts to the VOC plume: a small, high concentration source zone and a large area consisting
of lower concentration VOCs in the dissolved-phase. The location for this demonstration is the
shallow source zone, and the estimated extent of TCE in the source zone is shown in Figure 4-3.

Wells MW-70-27 and EW-70-01 are the only Upper Fines Unit permanent monitoring wells in
the source area. These wells are completed from 25-35 feet bgs (MW-70-27) and from 20 to 30
feet bgs (EW-70-01). Each of these wells has very high levels of TCE, as concentrations in July
2005 were 130 mg/L and 53 mg/L, respectively. Concentrations of other chloroethenes are much
lower in MW-70-27, where cis-DCE was 670 pg/L, and VC and ethene were each less than 25
png/L. The most significant ¢ oncentrations of daughter products w ere m easured at E W-70-01,
which had cis-DCE at 27 mg/L, while VC was 720 ug/L.

The RDO involved collection of groundwater samples through temporary CPT wells throughout
the source area. However, these samples were all collected at depths of 45-60 feet bgs, which
represent th e low er part of the Upper F ines U nit. The hig hest T CE conc entration measured
during the RDO sampling was 4 mg/L. This, combined with the data from MW-70-27 and EW-
70-01, indicates that the high contaminant concentrations are limited to depths shallower than 40
feet bgs, which is the target zone for this demonstration. Overall within the source area, while
some limited de chlorination has oc curred, the majority of contamination in the source areais
present as TCE.
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5.0 TEST DESIGN

This section provides the detailed description of the system design and testing conducted during
the demonstration. This includes the conceptual design, treatability studies, system installation,
baseline ¢ haracterization, bi oaugmentation, a nd m onitoring. T he s ampling a nd a nalysis1i s
described in Section 5.7. The results of these activities are presented throughout this section,
with t he r esults of a 1l P hase 3 a ctivities be ing pr esented i n S ection 5.8. D iscussion a nd
interpretation of the key results is provided in Section 6.

5.1 CONCEPTUAL EXPERIMENTAL DESIGN

The overall experimental design is based on the performance objectives presented in Section 3.
The de sign comprised two independent treatmentc ellsto test the pa ssiveand active
bioaugmentation approaches in a side-by-side comparison. The passive treatment cell consists of
three injection wells, three m ultilevel ( Continuous M ultichannel T ubing [ CMT]) m onitoring
wells, and six standard monitoring wells. The active recirculation cell consists of two injection
wells, two extraction/recirculation wells, three multilevel (C MT) m onitoring wells, and three
standard monitoring wells.

The design was performed in three phases as described below:

Phase 1 — Pre-Demonstration Laboratory Investigations. Bench-scale testing was performed
to demonstrate that the bioaugmentation culture could overcome the high sulfate concentrations
at t he site. DNA ana lysis of site groundwater sam ples and commercially available cu ltures,
including qPCR, c lone | ibrary de velopment, and D NA sequencing were us ed t o i dentify
"biomarkers" that pr ovided t he a bility t o di fferentiate be tween t he i njected c ultures and any
existing DHC that may have naturally existed in the groundwater.

Phase 2 - Tracer Test, Baseline Sampling, and '"Pre-Conditioning". Following treatment cell
construction, a tracer test was conducted in each of the treatment cells to verify the groundwater
hydraulics in the shallow aquifer. Following the tracer test, baseline sampling was conducted to
assess baseline conditions including contaminant and degradation product concentrations, redox
parameters, biolog ical act ivity indicators, and DHC concentrations. F ollowing ba seline
sampling, e lectron donor w as i njected i nto e ach t reatment c ell t o ¢ reate s trongly r educing
conditions and remove sulfate prior to bioaugmentation.

Phase 3 — Bioaugmentation and Monitoring. This third and final phase involved injecting the
dechlorinating ¢ ulture into e ach oft het wo t reatment c ells a nd pe rforming groundwater
monitoring to compare with results from Phase 2.

5.2 BASELINE CHARACTERIZATION

The obj ectives of t he ba seline ¢ haracterization w ere to de termine gr oundwater hyd raulic
conditions and ba seline ¢ ontaminant di stribution, DHC distribution, and ge ochemical
concentrations prior to beginning the biostimulation and bioaugmentation in each treatment cell.
In order to pe rform t he ba seline characterization, the ac tive r ecirculation system and select
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monitoring wells were installed prior to baseline activities. The remaining wells were installed
based on o bserved w ater levels during a mbient and p umping ¢ onditions. D etails of t he
recirculation system and well installations are provided in Section 5.4.

A tracer test was then conducted in the active cell to verify the groundwater hydraulic conditions
in the treatment cells. In order to create similar conditions to the demonstration, the recirculation
system was started 5 days prior to starting the tracer test and continued operating during baseline
sampling. Following the tracer te st, the additional wells were installed and baseline sam pling
was c onducted t o a ssess ba seline ¢ onditions i ncluding contaminant a nd de gradation pr oduct
concentrations, r edox parameters, a nd bi ological a ctivity i ndicators. A s ummary of t hese
activities is provided below.

5.2.1 Installation Activities

Well installation was not performed in one mobilization because the groundwater flow patterns
needed to be understood with the active cell recirculation system running. Once the groundwater
flow pattern under pumping conditions was understood, the most appropriate cell orientation was
determined for the passive cell. This phased approach for treatment cell construction allowed for
the opportunity to assess groundwater flow direction in the area of the planned passive cell wells
before installing the remaining ten wells. This helped avoid a scenario in which the entire passive
treatment c ell w as in stalled, only to find out that gr oundwater di d not flow parallel to the
treatment cell axis.

5.2.1.1 Active Cell Well Installation

Injection, e xtraction, and monitoring wells for the active cell were installed in September and
October 2007, along with two of the passive cell monitoring wells. The active cell recirculation
system 1 tself w as cons tructed, i nstalled, and tested in March and A pril 2008 . The sys tem
operated by extracting groundwater from wells AEW-1 and AEW-2 into a 275 gallon surge tank;
the surge tank w ater was reinjected into AITW-1 and AITW-2, which is a distance of 100 feet
upgradient from the e xtraction wells (re fer to Figure 5 -1 for well loc ations). Photos of t he
recirculation s ystem a re i ncluded i n A ppendix C . Once t he sys tem was functional, it w as
operated for several days, and water levels were measured in active cell monitoring wells, and in
the two existing passive c ell m onitoring w ells, i n o rder t o de termine t he gr oundwater f low
direction in the area of the proposed passive cell wells. Synoptic water level data were collected
in several wells using transducers, and in other wells by taking water levels using a water level
meter.

Following a tracer study with the active cell running, the location of the passive treatment cell
was modified to reflect the groundwater flow direction under pumping conditions. A more
detailed description of the active cell tracer study is provided in Section 5.3.2 and in Appendix
B. The groundwater flow direction was different than assumed based on data available at the
time the ESTCP Demonstration Plan was submitted. The final well construction locations and
details are shown in Table 5-1.
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Table 5-1. Well Construction Summary

. . Surface Screen Total
Fasting Northing Elevation . Well Interval Depth
Well ID Well Type NVDS8 (fect Construction )
UTM (feet) UTM (feet) AMSL) Diameter ft bgs ft bgs
Passive Cell
PMW-1 Monitoring 6005842.00 2224265.34 11.22 PVC 4-inch 15-35 35.3
PMW-2 Monitoring 6005853.47 2224248.64 11.69 PVC 4-inch 15-35 35.5
PMW-3 CMT - Zone 1 6005840.36 2224229.27 11.50 CMT 1.7-inch 34-35 36
CMT - Zone 2 26-27
CMT - Zone 3 22-23
CMT - Zone 4 16-17
PMW-4 CMT - Zone 1 6005852.88 2224226.69 11.43 CMT 1.7-inch 33.5-34.5 36
CMT - Zone 2 30-31
CMT - Zone 3 26.5-27.5
CMT - Zone 4 22.5-23.5
CMT - Zone 5 15.5-16.5
PMW-5 CMT - Zone 1 6005862.70 2224230.18 11.46 CMT 1.7-inch 33.5-34.5 35.9
CMT - Zone 2 27-28
CMT - Zone 3 23-24
CMT - Zone 4 17-18
PMW-6 Monitoring 6005851.40 2224205.28 11.20 PVC 4-inch 15-35 35.5
PMW-7 Monitoring 6005879.93 2224203.13 11.32 PVC 4-inch 15-35 35.5
PMW-8 Monitoring 6005900.79 2224197.53 11.23 PVC 4-inch 15-35 35.5
PMW-9 Monitoring 6005899.76 2224183.81 10.88 PVC 4-inch 15-35 35.5
PIW-1 Injection 6005840.29 2224240.54 11.63 PVC 4-inch 15-35 35.5
PIW-2 Injection 6005852.43 2224213.43 11.22 PVC 4-inch 15-35 35.5
PIW-3 Injection 6005892.86 2224193.80 11.27 PVC 4-inch 15-35 35.5
Active Cell
AMW-1 Monitoring 6006006.90 2224258.32 10.60 PVC 4-inch 15-35 36.5
AMW-2 Monitoring 6006007.00 2224215.03 10.65 PVC 4-inch 15-35 36
AMW-3 CMT - Zone 1 6005982.69 2224197.30 10.53 CMT 1.7-inch 33-34 36.5
CMT - Zone 2 28-29
CMT - Zone 3 24-25
CMT - Zone 4 17-18
AMW-4 CMT - Zone 1 6006007.03 2224196.59 10.30 CMT 1.7-inch 33-34 36
CMT - Zone 2 28-29
CMT - Zone 3 24-25
CMT - Zone 4 18-19
AMW-5 CMT - Zone 1 6006029.84 2224197.17 9.83 CMT 1.7-inch 33-34 36.4
CMT - Zone 2 28-29
CMT - Zone 3 24-25
CMT - Zone 4 18-19
AMW-6 Monitoring 6006006.08 2224162.08 10.17 PVC 4-inch 15.5-35.5 35.5
AIW-1 Injection 6006002.22 2224233.05 11.01 PVC 4-inch 15-35 35
AIW-2 Injection 6006022.00 2224233.33 9.88 PVC 4-inch 15-35 35.6
AEW-1 Extraction 6005989.60 2224126.55 9.15 PVC 4-inch 15-35 35
AEW-2 Extraction 6006014.76 2224127.23 8.79 PVC 4-inch 15-35 35.3

CMT - Solinst® Continuous Multichannel Tubing System
UTM - Universal Transverse Mercator

NVD88 - National Vertical Datum 1988

ft bgs - feet below ground surface

AMSL — above mean sea level

5.2.1.2 Passive Cell Well Installation

In order to account for the more southerly flow direction under pumping conditions, placement
of some of the passive cell wells was adjusted slightly from the original planned locations. These
adjustments w ere m ade c onsidering interpreted groundwater f low di rectionsa sw ella s
accounting for the many underground utilities in the area. The planned and actual locations are
presented in Figure 5-1. The m ost s ignificant ¢ hange w as moving C MT well PMW-3 to be
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directly south of PIW-1. The CMT wells are used to measure multiple depths from a single well
using individual channels screened at discrete intervals. Also, well PMW-2 was moved from its
planned location on the treatment cell axis to a location northeast of PIW-1. Finally, wells PIW-2
and PMW-6 were moved a few feetto the west of their pl anned I ocations in order to avoid
utilities.

The r emaining ten p assive c ell w ells ( four m onitoring w ells, t hree injection w ells, and t hree
CMT w ells) w ere ins talled in April 2008 following the tr acer te st. After ins tallation of the
remaining passive cell wells, a new round of w ater |l evel measurements w as col lected under
pumping conditions.

5.2.1.3 CMT Well Installation

The E STCP D emonstration P lan called for three sam ple por tsineach CMT w ell. During
installation of both the active and passive cell CMT wells, four sample ports were completed in
all CMT wells except PMW-4, which has five sample ports. This was done in order to account
for the possibility that some ports would not produce enough water for sampling.

53 BASELINE SAMPLING

Baseline sampling was completed in April 2008, after the active cell recirculation system was
operating. In the active cell, this included sampling the three standard monitoring wells, all ports
in the three CMT wells, and the water being produced from the extraction wells (refer to Figure
5-1 for well locations). Baseline sampling for the passive cell included sampling the six standard
monitoring wells, all portsin the three C MT wells, and the thr ee injection wells. Analytes
sampled i ncluded VOCs, dissolved ga ses (ethene/ethane/methane), a nions ( sulfate, ¢ hloride,
nitrate/nitrite), alkalinity, COD, DNA samples, compound-specific isotope analysis, and iodide
tracer (for background measurements). A summary of the analyses performed in each monitoring
well is provided in Section 5.6.

During the baseline sampling events, it was determined that the uppermost port in each active
cell CMT well did not produc e su fficient water to complete a f ull set of samples. However,
because extra ports were installed in each well, data are available from multiple depths in each
CMT well.

5.3.1 Baseline Sampling Results

Results of baseline sampling are summarized here and are presented in Table H-1 for the passive
cell and Table I-1 for the active cell. For the active treatment cell, concentrations were generally
around 1,00 0t 0 3,000 pg/L for TCE, w ith ot her contaminants pr esent a t1 ow | evels, but
concentrations increased significantly at the southern end of the cell. The highest concentration
measured anywhere in the ESTCP demonstration area was 140,000 pg/L at well AMW-6. This is
adjacentt oa pr evious ¢ hemical oxi dation pilott esta nd w as kn ownt obe t he hi ghest
concentration area within the source. The sample collected from the water being extracted from
wells AEW-1 and AEW-2 had a TCE concentration of 10,000 pg/L.

For the passive cell, TCE concentrations were around 1,000 p g/L at each end of the treatment
cell (wells PMW-1 and PMW-9). However, TCE concentrations were much higher in the center
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of the passive cell (15,000 pg/L to 63,000 pg/L). Concentrations of other V OC c ontaminants
were low in all passive cell wells.

Vertically discrete samples of contaminants in upper zones of the CMT wells in the active cell
generally had low levels of contaminants and also produced very little water when purged. TCE
concentrations were approximately 600 to 1,800 png/L in middle to lower zones. For the passive
cell, TCE concentrations are generally an order of magnitude higher than the active cell; upper
zones had TCE concentrations of 1,000 to 10,000 png/L, while middle and lower zones had TCE
as high as 63,000 pg/L.

Results for other parameters show that the aquifer was generally mildly reducing with low levels
of available carbon. DO was less than 1 mg/L and ferrous iron was generally less than 0.1 mg/L
atal 11 ocations. Sulfate was very hi gha tt hiss ite, w ith ¢ oncentrations r anging f rom
approximately 1,600 mg/L to as high as 8,700 mg/L near the area where the chemical oxidation
pilot test w as c onducted. Methane w as de tected at some wellsupt o230 p g/L, while COD
ranged from non-detect to 100 m g/L. Overall, the pH was near neutral, and ORP ranged from
-150to +300 m V. The only e xception to these ge neral trends was well PMW-9, w hich had
relatively high concentrations of methane of 2.8 mg/L, and somewhat depressed sulfate of 1,100
mg/L. While TC E was lower a tt his loc ation tha n others in the pa ssive ¢ ell, ve ry low
concentrations of r eductive d aughter pr oducts w ere pr esent,and COD waslowasw ell (16
mg/L). This suggests that while redox conditions may have been approaching methanogenesis at
this location, little dechlorination was occurring.

Finally, the baseline compound-specific isotope analyses results show that the TCE present near
the active extraction wells was "heavier" than in other places. This implies that a mechanism
which results in fractionation of TCE (i.e., preferential transformation of the TCE molecules with
the "lighter" carbon-12 isotope) is or was active in the past in this area. This is consistent with
the fact that this area of the site is near the former chemical oxidation pilot test, because chemical
oxidation is known to cause fractionation of TCE, similar to what biodegradation causes. Thus, it
appears that the effects of the chemical oxidation are still evident in the isotope signatures at this
monitoring |1 ocation. This was no t expe cted to affectd ata interpretation for the E R-0513
demonstration be cause future bi odegradation would cause further fractionation of TCE, a nd
would also produce daughter products, whose isotope signatures could then be monitored over
time.

5.3.2 Active Cell Tracer Test

In order to verify the groundwater velocities estimated based on e xisting data, a tracer test was
conducted int he a ctive ¢ ell us ing an i1 odide tracer. T he purpose of thetracertestwasto
determine hydraulic properties of the active cell and its effect on hydraulics in the passive cell,
and to measure the first arrival of tracer at the nearest monitoring locations, which represents the
earliest e xpected arrival of inj ected bacteria and donor. In or der to determine t he hydr aulic
properties o ft he t reatment c ells, pe ak b reakthrough had to be m easured in at] east one
monitoring well for each treatment cell.

Approximately 500 ga llons of potassium iodide was injected into the active cell on April 10,
2008. The a verage ¢ oncentration of 1 odidei nt hei njected s olution w as a pproximately
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13,100 mg/L. Samples for iodi de tra cer w ere ¢ ollected once per day from well AMW-2 for
approximately 4 weeks. Periodic CMT monitoring was then performed for seven weeks after the
tracer injection.

A detailed summary of the active cell tracer study is provided in Appendix B, including tracer
breakthrough curves for the active cell tracer test. Tracer breakthrough was observed in AMW-2
(18 feet from injection wells) within 2 weeks. Breakthrough was observed at AMW-4 Zone 2
(screened 28 feet bgs) within approximately 2.5 weeks, Zone 1 (33 feet bgs) within 3 weeks, and
Zone 3 (24 feet bgs) within 4 weeks. In addition, tracer breakthrough occurred in AMW-5 Zone
2 and AMW-3 Zone 3 in approximately 5 weeks, and tracer was eventually detected in the other
ports in these CMT wells. These results showed that the deeper zones are more transmissive,
which is also where the higher contaminant concentrations are found in these wells. The long tail
on the AMW-2 tracer breakthrough curve is likely the result of different tracer arrival times in
the various lithologic units.

A prel iminary analysis of t he tracer test da ta w as pe rformed i n or dert o estimate a quifer
properties for the purpose of calculating potential ranges of travel times within the passive cell.
The model used was developed for an instantaneous point source (Baetsle, 1969). The analytical
equation is found in Domenico and Schwartz (1990, p. 650). A hydraulic conductivity of 10 ft/d
was assumed as a starting point based on a pumping test performed in the source area at the site
several years ago. An effective porosity of 0.20 w as assumed based on CDM's experience with
this soil type. A longitudinal dispersivity value e quivalent to approximately 10 percent of the
scale of the cell was assumed, and the transverse dispersivity was assumed to be 10 percent of
the 1 ongitudinal. T he hydr aulic gr adient us ed was 0.04 b ased on water | evel m easurements
during pum ping. T he final variable in this model i s di stance from the axis (or c enterline) of
transport. Given the two injection wells in the active cell, this analytical model does not perfectly
represent the real sy stem, and the distance from the axis has a qu estionable m eaning. Also,
solutions us ing t his m odel will be non-unique as multiple combinations of t he ¢ onductivity,
effective p orosity, an d distance f romt he cente rline can produce ve ry s imilar r esults.
Nevertheless, it is believed that this approach is useful to estimate aquifer properties reasonably,
especially given the fact t hat t he h ydraulic ¢ onductivity h as pr eviously be en m easured by a
multiple well pumping test at the site.

Using t his approach, inverse m odeling w as performedt o e stimate a r ange of hydr aulic
conductivities based on matching model predictions to measured iodide breakthrough at several
of the monitoring locations. For the three active cell monitoring locations shown, the hydraulic
conductivity ranged from 5to 10 ft/d. Thus, the tracer test data could be reasonably matched
using hydraulic property values consistent with the soil type and previous hydraulic testing at the
site.

Based on the estimated values of parameters determined by the tracer test as listed above, travel
times from passive cell injection wells to passive cell monitoring wells were estimated. The most
significant f actor af fecting the travel time i st he i njection eve nt itself. The ta rget in jection
volume of 1,000 gallons per well is based on achieving a radius of influence of 5 feet. Therefore,
it was assumed that the injected substrate would be distributed 5 feet from the injection point at
time zero. Given the range of hydraulic conductivities that were estimated based on the tracer
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test, along with the measured groundwater elevations, groundwater velocity in the passive cell
was expected to be approximately 4 -8 feet/month, or 45-90 feet/year. This is well within the
range of ambient groundwater velocity at other sites where bioremediation and bioaugmentation
have been successful, and is in fact two to four times higher than what was originally assumed in
the ER-0513 ESTCP Demonstration Plan.

The t ransport dur ing i njection c ombined w ith advection u nder a mbient ¢ onditions r esults i n
travel t imes from inj ection wells PIW-1 and P IW-3 t o t heir ¢ orresponding m onitoring w ells
ranging from 1 to 3 months, a ssuming a hy draulic conductivity of 10 ft/d. Even if the low
estimate of 5 ft/d for conductivity were assumed, travel times from PIW-1 and PIW-3 range from
2 to 5 months. Well PIW-2 has a monitoring well located 8 f eet away (PMW-6), and another
monitoring well located 29 feet away (PMW-7). Depending on t he local flow direction in this
area, travel times to PMW-6 could be less than one month, while travel times to PMW-7 could
be 3 to 7 months. These travel times were deemed acceptable for the demonstration, and the data
indicated that travel times were less than predicted (refer to Sections 5.8 and 6.3).

54 TREATABILITY AND LABORATORY STUDY RESULTS

The objectives of Phase 1 were to demonstrate that a com mercially available bioaugmentation
culture is able t o pe rform c omplete de chlorination unde r high sulfate c onditions, and also to
choose a culture that can be differentiated from naturally existing bacteria in the groundwater at
the si te. These obj ectives w ere suc cessfully met by performing bench-scale st udies of t he
groundwater and analyzing the existing cultures in the groundwater using qPCR, clone library
development, and DNA sequencing.

5.4.1. Bench-Scale Study

Site 70 is known to have sulfate and c hloride concentrations in excess of 1,000 m g/L in the
source ar ea, | ikely duet o past ch emical oxi dation activities. Sulfate-reducing bacteria can
compete with dechlorinators for available electron donor, and high sulfate concentrations have
been s hown t o i nhibit c omplete de chlorination when the sulfate c annot be removed. For this
reason, ESTCP requested bench-scale testing be performed to evaluate a commercially available
bioaugmentation c¢ ulture fori ts a bility t o ove rcome t he hi gh s ulfate ¢ oncentrations a nd
dechlorinate TCE all the way to ethene.

Microcosm Study Setup

The pur pose of the microcosm test was to de termine w hether either of two bi oaugmentation
cultures could achieve dechlorination in well samples from the NAVWPNSTA Site. The tests
were pe rformed by B ioremediation C onsulting, Inc. (BCI) and the full reportis provided as
Appendix D.

CDM sel ected two wells for t esting: (1) E W-70-01, w hich ha d a h igh c hloride ¢ ontent of
2,200 mg/L and high sulfate content of 1,650 mg/L, and (2) MW-70-27, which had high chloride
0f 4,400 mg/L and extremely high sulfate of 9,300 mg/L. Both wells contained total chlorinated
ethene concentrations of less than 30 mg/L.

39



Two DHC cultures were used for testing: Culture "S" (a T CE-degrader) and C ulture "B" (a
mixed chloroethene-degrader), both of which had capabilities with high chloride concentrations.
Both cultures w ere augmented with asu Ifate-reducing culture active at high sulfate
concentrations.

Anaerobic microcosms w ere con structed to test each culture w ith ea ch groundwater sam ple,
using whey as an electron donor (food source), and adding small amounts of nutrients needed by
bacteria (ammonia a nd phos phate), as well as ye ast ex tract and vitamin B12. Killed c ontrol
microcosms w ere al so cons tructed for each w ell sam ple. Microcosms w ere m onitored by
removing s mall s amples a nd a nalyzing f or ¢ hlorinated or ganicsa nde thenebyga s
chromatography, and organic acids and sulfate by capillary ion electrophoresis.

Results and Conclusions

For EW-70-01, which contained 1,650 mg/L sulfate and 2,200 mg/L chloride, BCI Cultures "S"
and "B" were e qually s uccessful i n de chlorinating 16 mg/L T CEand6m g/L cis-DCE
completely to ethene in 112 days. Ethene was measured as highas 177 uM, and sulfate was
reduced to non-detect using both cultures. Figures showing results from the study are included in
Appendix D.

For M W-70-27, w hich contained v ery hi gh s ulfate of 9,270 mg/L and very hi gh chloride o f
4,350 mg/L, Culture "S" succeeded in converting all of the TCE to VC (45uM ) and ethene (119
uM) in 112 days (see Appendix D). Sulfate was reduced by 36 percent to 6,020 mg/L during this
time. Culture "B" wasa blet od egradea 1l oft he T CE pr esent int he m icrocosm, but
dechlorination onl y pr oceeded to cis-DCE and V C, w ith t race a mounts of e thene pr oduced.
Sulfate was reduced by 35 percent to 5,990 mg/L during this time. Based on these results, it was
concluded t hat c omplete de chlorination t o e thene w as a chievable in the presence of the high
sulfate concentrations at the site.

5.4.2 DNA Sequencing Study

Another concern for implementation of the demonstration was that the site might already contain
D. ethenogenes or other DHC that would make tracking of the introduced bacteria difficult. In
order to address this concern, samples of site groundwater were collected from MW-70-27 and
EW-70-01 and analyzed for DHC DNA. The DNA was amplified using specific pri mers for
DHC, then the amplified DNA was inserted into clones, from which the DNA was later extracted
and sequenced. Up to 20 c lones were analyzed in this clone library, allowing determination of
the DHC strains that are present at the site. Results from this study are provided in Appendix D.

The results from the 16S rRNA clone library GenBank analysis suggest that most of the DHC
identified in the NAVWPNSTA Site 70 and bioaugmentation clone libraries were most closely
related to Dehalococcoides ethenogenes strain 195, or Dehalococcoides species TM-EtOH with
greater than 98-99 percent sequence similarity. These data illustrate that the DHC 16S rRNA
rRNA sequences ar e h ighly similar, and while t here ar e so me r egions be tween different
sequences that ar e si gnificantly different, it would be dif ficultt o distinguish between the
observed sequences found within the different bioaugmentation cultures and those indigenous to
the NAVWPNSTA Site 70 by 16S rRNA molecular analysis alone.
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Baseline qPCR analysis showed that indigenous DHC were only detected at low levels at two
monitoring locations — the active extraction wells had 448 + 75 cells/L, and the passive cell well
PMW-3 had 110 + 28 cells/L. These cell counts are just above the minimum quantification level
for the qPCR analysis, and are four to six or ders of magnitude 1 ower than w hat i s typically
observed following bioaugmentation.

While results from the 16S rRNA clone library analysis did not provide a clear biomarker for any
of t he ¢ ommercially a vailable bi oaugmentation ¢ ultures, qPCR analysis 1 ndicated that the
functional reductase gene VCrA was not present at NAVWPNSTA Site 70, but was present in
high concentrations in bioaugmentation cultures. In order to determine if there were significant
differences between the VCrA gene sequences present within the bioaugmentation cultures, clone
libraries were constructed using VCrA-specific PCR primers. The NAVWPNSTA Site 70 sample
did not amplify, confirming that the VCrA gene was not detected using either the qPCR or PCR
protocols d escribed. The B CI bi oaugmentation ¢ ulture, how ever, did not a mplify e ither.
Therefore, only the Shaw SDC-9™ and KB-1™ cultures had clone libraries constructed for the
vCrA gene. The vcrA clone library DNA data would have been used to design a biomarker if the
standard qPCR analysis for vcrA was not sufficient.

5.5 DESIGN AND LAYOUT OF TECHNOLOGY COMPONENTS

The demonstration a rea was designed to i ncludet wo i ndependent cells, one ut ilizing a
recirculation s ystem ( active c ell), and one r elying on pa ssive di stribution of t he i ntroduced
culture. The primary technology components of this demonstration included groundwater wells
(injection, e xtraction, and monitoring w ells), a gravity fed el ectron donor delivery sys tem, a
groundwater recirculation system, and a bacteria injection system.

5.5.1 Well Layout and Cell Placement

Two treatment cells were installed at NAVWPNSTA Site 70, one for the passive distribution
system and one for the active distribution system (Figure 5-1). The treatment cells were based on
the following criteria:

o Both cells should be located within the source area or the high concentration area
surrounding the source area (i.e., TCE concentrations greater than 1,000 ppb).

o The cells should be 1ocated such that hydr aulic autonomy could be maintained
between the passive and active cells; therefore the extraction wells in the active
cell do no t c apture s ignificant vo lumes of gr oundwater f rom t he pa ssive c ell
during the duration of the demonstration.

o The well layout within each cell must allow for meaningful results to be observed
within the 12-month duration of Phase 3 bioaugmentation activities.

o Both cells should be oriented generally in the direction of groundwater flow

These criteria w ere met by the treatment cell 1ayouts based on tracer test results and phased
treatment cell construction, as described in Section 5.2
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For the active treatment cell, the overall dimensions are 130 feet by 50 feet. A pair of extraction
wells and apair of injection wells w ere ins talled 105 feet a part, w ith t he s pacing be tween
extraction wells and injection wells 25 feet and 20 feet, respectively. The final active cell well
screened depth intervals and CMT sampling depths are shown in Table 5-1. During drilling, soil
lithology was recorded based on the Unified Soil Classification system (ASTM-D 2488-93) for
all boreholes. The soil boring / well construction logs for each well are provided in Appendix E.
All wells, including CMT wells, were developed to comply with California Division of Water
Resources Water well standards. A summary of the development of each well is also provided in
Appendix E.

For the passive cell, the overall dimensions are 100 feet by 35 feet (Figure 5-1). Within this area,
three injection wells are located along the axis of the treatment cell at a spacing of 35-45 feet. A
total of six standard monitoring wells are located in the passive treatment cell. Three of these
wells are located along the axis of the treatment cell and are spaced between 12 and 17 feet from
the injection wells. The other three monitoring wells are located just o ff-axis, at a di stance of
about 7 to 9 feet from each of the three injection wells. The passive cell also has a transect of
three CMT wells placed halfway between the first and second injection wells. The CMT wells
are spa ced approximately 17.5 feet | aterally and were com pleted at three d iscrete sam pling
depths based on obs erved field c onditions. Many of the proposed well 1ocations were moved
because of above ground and utility obstructions. The final passive cell screened depth intervals
are provided in Table 5-1.

5.5.2 Standard Well Installation

Four di fferent type s of wells were installed for this de monstration: injection wells, extraction
wells, Solinst® CMT monitoring wells, and standard monitoring wells. Except for CMT wells,
all wells were completed with approximately 20 feet of 4-inch diameter schedule 40 PVC, wire
wrapped 0.05 slot screen, and 4-inch schedule 40 PVC riser pipe installed from the top of screen
approximately t o gr ound s urface. One foot of a ppropriately s ized s ilica s and filter pa ck w as
added to the annular space beneath the bottom of the well. Well installation details are provided
in Table 5-1 and well construction diagrams in Appendix E. The annular space surrounding the
screen was backfilled with the silica sand filter pack to a depth of approximately 3 feet above the
well screen and capped with a bentonite seal to at least 2 feet bgs. The remainder of the annular
space was filled with concrete to ground surface and if necessary, widened into a 24-inch by 24-
inch concrete pad at the surface (if the surface was not already concrete). All wells were flush
mounted with bolted manhole covers and locking caps.

5.5.3 CMT Monitoring Well Installation

Three CMT monitoring wells were installed in each treatment cell as shown in Figure 5-1. The
wells were aligned perpendicular to flow in each cell to evaluate three-dimensional transport.
The CMT wells are 1.7-inch diameter and each has a minimum of four sampling ports as detailed
in Table 5-1. Well construction diagrams for CMT wells are provided in Appendix E.

42



5.5.4 Passive Cell Electron Donor Distribution System

A gravity-fed e lectron donor di stribution s ystem w as c onstructed to deliver a s odium la ctate
(electron donor) solution to all three of the passive cell injection wells simultaneously during
discrete injection events. A process flow diagram is provided as Figure 5-2.

Make-up water for the passive cell injections was from a potable water source available onsite.
The pot able w ater w as fed t hrough a pr oportional flow m ixer, w hich de livers | actate to t he
injection line at a concentration that is in proportion to the water flow rate.

The di luted la ctate s olution was tr ansferred to a manifold capable of inj ecting into all three
passive cell wells simultaneously. Each line o f the manifold included a metered valve with a
totalizer, and the manifold itself was mounted on plywood or similar board. Reinforced flex hose
was used to convey the dilute lactate solution to the injection wells. These hoses were lowered in
the well and placed near the middle of the well screen, and injections w ere pe rformed under
gravity flow (i.e., not under pressure).

5.5.5 Active Cell Recirculation System

For the active cell, a recirculation system was constructed to extract and re-inject groundwater
continually (i.e., 24 hours per day, 7 days per week) across an area of approximately 130 feet.
The system was designed to be capable of pumping total groundwater flows in the range of 0.5 —
5 gallons per minute (gpm) from each of two extraction wells (1-10 gpm total). To periodically
pulse lactate into the recirculation line, a second proportional feed mixer was installed for use
only when lactate injections were required. Instrumentation and controls were provided such that
the system can run without an operator onsite, except for periodic inspections and maintenance.
Below is a brief description of the operating requirements and parameters for the active treatment
cell. A process flow and instrumentation diagram is provided as Figure 5-3.

The system was designed to extract groundwater from each of the two e xtraction wells using
environmental duty submersible pumps and pump it into a double walled surge tank. The pumps
were controlled by two float switches. The high level switch LSH-100 initiates the pumps' run
operation ( Figure 5-3). When the groundwater level drops below L SL-100, the pumps w ould
stop. The pumps' operation was interlocked with Hi-Hi level switch LSHH-200 in the surge tank.
If the Hi-Hi level was reached in the surge tank the extraction pumps stopped. The level switch
locations in the extraction well were modified after low groundwater levels caused the pumps to
cycle during a period of low precipitation.

Extracted groundwater was conveyed to the treatment skid, which consisted of the surge tank,
transfer pump, manifold, and electronics. Each extraction well was plumbed independently back
to the treatment skid where they were combined prior to discharge into the surge tank. Each leg
contained a check valve to prevent extracted groundwater from flowing back into the well. Each
leg also included a pressure gauge, a totalizing flow meter and a gate valve.

The surge tank included two level switches to control the injection pump. Level switch LSH-200

initiated the pumps' run operation. When the water level dropped to below L SL-200 the pumps
would stop. The pump operation was interlocked with the Hi-Hi level switch LSHH-300 located
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in the injection well. When the Hi-Hi level was reached in injection well the injection pumps
would s top. The pum p w as a Iso i nterlocked with t he H i-Hi pres sure sw itch 1 ocated on t he
discharge. The Hi -Hi pressur e al arm w ould b e a r esult o f e ither ¢ logging of t he di scharge
totalizing meter or the well screen of the injection well. The Hi-Hi pressure alarm was ne ver
tripped during operation of the recirculation system.

The disch arge w as plu mbed to allow r ecirculation of t he w ater and donor m ixture priorto
injection if needed. The discharge line was also equipped with a check valve, pressure gauge,
and totalizing flow meter.

All processes were controlled by an Idec brand Programmable Logic Controller (PLC). The PLC
allowed for field modifications of the process without the need to rewire the control panel. A
wireless telemetry unit was later added to notify the operator of any operational alarms.

Extracted groundwater from the 275-gallon surge tank was pumped to the injection wells during
normal ope rations. During a n e lectron donor injection e vent t he e xtracted g roundwater w as
diverted to a standalone proportional inline mixer, where lactate was added. The lactate-amended
water was then conveyed to the injection wells.

The equi pment ar ea w as | ocated between the extraction and injection w ells ba sed on site
constraints. The signal cable between the equipment area and the piezometer level switches was
placed in a conduit. Double w alled piping was used to c onvey e xtracted w ater to the lactate
injection system and to the injection wells.

Submersible pumps were installed 6 inches from the bottom of each extraction well, and piping
was installed between the extr action wells and injection wells in the r ecirculation cell. The
extraction wells each transfer to one central vault, which housed all of the controls, sampling
ports, flow meters, and check valves for both extraction wells. Piping was then run from the
vault to the re injection w ells. The vault, all transfer pi ping a nd w iring was i nstalled below
ground to minimize impacts to normal operations at the site. Because of low traffic in the area, a
shallow (6-inch) trench was dug to install the piping and wiring within a PVC conduit. Once the
piping was installed, the trench was covered with new asphalt. All transfer piping between the
extraction wells and the injection wells was constructed with high density polyethylene (HDPE),
double-lined piping.

5.5.6 Bacteria Distribution System

The bacteria di stribution s ystem was designed to inject the desired bacteria directly into each
injection well a tth e w ellhead. The ba cteria w ere pr ovided in 20-L pressuri zed vessels.
Pressurized argon was used to evacuate the headspace in each well and to fill the vessel as the
bacteria were removed. The well headspace was then evacuated by lowering T eflon tubing to
just above the water table and injecting a comparative volume of argon into the well.

Immediately following evacuation, 20 L of bacteria was injected into the subsurface using Teflon

tubing. The tubing was installed approximately to the center of the well screen. Figure 5-4 shows
a typical bacterial injection setup.
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5.6  FIELD TESTING

Field activities during this de monstration included s ystem s tartup, pr e-conditioning (Phase 2),
Bioaugmentation ( Phase 3), and s ystem s hut down. A dditional a ctivities i ncluded t emporary
shutdown of the recirculation system and modification of lactate injections. This section includes
details of these activities performed during the demonstration.

5.6.1 System Start-up

Once the wells for the active cell were installed and the active cell recirculation system itself was
constructed and installed, t he r ecirculation s ystem was t ested in M arch and A pril 2008. As
described above, the system operated by extracting groundwater from wells AEW-1 and AEW-2
into a 275-gallon surge tank; the surge tank water was reinjected into AIW-1 and AIW-2, which
is a distance of 100 f eet upg radient from the e xtraction wells (refer to Figure 5-1 for well
locations). Once the system was functional, it was operated for several days, and water levels
were measured in active cell monitoring wells, and in the two existing passive cell monitoring
wells, in order to determine the groundwater flow direction in the area of the proposed passive
cell wells. Synoptic water level data were collected in several wells using transducers, and in
other wells by taking water levels using a water level meter.

Prior to installing the passive cell wells, whose locations were being determined in part based on
potential effects from the recirculation system, one round of lactate injections was performed in
the active cell in A pril 2008. T he injections were p erformed by "pulsing" the lactate into the
recirculation line to the two injection wells. Approximately 950 gallons was injected at a weight
concentration of 2.5 percent (i.e., 25,000 mg/L). The full lactate injection summary is provided
in Table 5-2. During startup the observed flow rates from each of the extraction wells were less
than anticipated (approximately 0.7-0.8 gpm), and because of this, the concentration of lactate
was increased to 2.5 percent from 1 percent during injection.

5.6.2 Pre-conditioning

Once the sy stem was determined to be performing as designed and the additional passive cell
wells w ere ins talled, "pre-conditioning" of t he t reatment cel Is was performed, consisting of
lactate injections sufficient to remove sulfate and create strongly reducing c onditions. At each
well, lactate was injected every 4 weeks into the passive injection wells and quarterly into active
injection wells. Pre-conditioning started much sooner in the active treatment cell, though it was
completed in January 2009 f or both cells. Approximately 50 ga llons of s odium lactate stock
solution was injected into each cell during each injection event. The lactate injection summary is
provided in Table 5-2. A more detailed injection summary is provided as Appendix F.

Groundwater s ampling w as pe rformed dur ing pr e-conditioning t o m onitor the subsurface

conditions prior to initiating bioaugmentation. Groundwater samples were collected according to
the s ampling s chedule s hown i nS ection 5. 7.
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Table 5-2. Lactate Injection Summary

Volume 60% . Volume Lactate Total
s Volume Water . Sodium s . .. Average Lactate
Well ID Injeglon Date Injected SOd“".n Lactate Lactate Conc. L‘actatel Injection In]i?ctlon Injection Flowrate
ange (Gallons) Injected (%) Injected Conc. Time (©pm)
& (gallons) (gallons) (%) (Hours) gp
PASSIVE CELL
Pre-Conditioning Totals (Phase 2)
PIW-1 8/7/08-1/12/09 4,011 67 1.7% 32 0.8% 64.6 1.0
PIW-2 8/7/08-1/12/09 4,156 67 1.6% 32 0.8% 59.5 1.2
PIW-3 8/7/08-1/12/09 4,151 67 1.6% 32 0.8% 59.5 1.2
TOTAL 8/7/08-1/12/09 12,319 201 1.6% 96 0.8% 64.6 3.2
Post-Bioaugmentation Totals (Phase 3)
PIW-1 1/13/09-10/31/09 8,481 143 1.7% 69 0.8% 143.4 1.0
PIW-2 1/13/09-10/31/09 8,519 143 1.7% 69 0.8% 143.4 1.0
PIW-3 1/13/09-10/31/09 8,549 144 1.7% 69 0.8% 143.4 1.0
TOTAL 1/13/09-10/31/09 25,549 430 1.7% 206 0.8% 143.4 3.0
OVERALL Totals
PIW-1 8/7/08-10/31/09 12,492 209 1.7% 101 0.8% 208.0 1.0
PIW-2 8/7/08-10/31/09 12,675 211 1.7% 101 0.8% 202.9 1.0
PIW-3 8/7/08-10/31/09 12,701 211 1.7% 101 0.8% 202.9 1.0
TOTAL 8/7/08-10/31/09 37,868 631 1.7% 303 0.8% 208.0 3.0
ACTIVE CELL
Pre-Conditioning Totals (Phase 2)
AIW-1 4/23/08-1/12/09 2,343 96 4.1% 46 2.0% 60.5 0.6
AIW-2 4/23/08-1/12/09 2,507 101 4.0% 49 1.9% 60.5 0.7
TOTAL 4/23/08-1/12/09 4,850 198 4.1% 95 2.0% 60.5 1.3
Post-Bioaugmentation Totals (Phase 3)
AIW-1 1/13/09-10/31/09 15,389 547 3.6% 262 1.7% 312.9 0.8
AIW-2 1/13/09-10/31/09 14,375 504 3.5% 242 1.7% 312.9 0.8
TOTAL 1/13/09-10/31/09 29,764 1,061 3.6% 504 1.7% 312.9 1.6
OVERALL Totals
AIW-1 4/23/08-10/31/09 17,732 643 3.6% 309 1.7% 373.4 0.8
AIW-2 4/23/08-10/31/09 16,882 605 3.6% 290 1.7% 373.4 0.8
TOTAL 4/23/08-10/31/09 34,614 1,258 3.6% 599 1.7% 433.9 1.3

' 60% Sodium Lactate contains approximately 48% bioavailable lactate.
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5.6.3 Temporary System Shutdown

The r ecirculation s ystem w as s hut dow n t emporarily t o add a dditional ¢ ontrols i ncluding a
secondary overflow tank and an autodialer in late 2008. Therefore, the recirculation system was
not operating between October 2008 and January 2009. The system was re-started approximately
one week before beginning Phase 3 — Bioaugmentation.

5.6.4 Bioaugmentation

Once t he p re-conditioning phase was com pleted, both the pa ssive and active cells w ere
inoculated with the SDC-9™ DHC culture in January 2009. The inoculation was performed by
first in jecting 90 percent of t he monthly e lectron donor vol ume i nto e ach c ell, f ollowed by
inoculation, and finally by "flushing" the wells with anoxic water.

To do this, | actate injections i nto the passive and active cel Is were pe rformed the w eek of
January 5, 2009. In the passive cell, approximately 953 gallons of 1 percent lactate solution were
injected into wells PIW-1, PIW-2, and PIW-3.

A lactate i njection was al so performed intot he a ctive c ell the w eek of J anuary 5, 2009.
Approximately 2,975 gallons of 1 percent to 1.5 percent lactate was injected into wells AIW-1
and AIW-2 by feeding lactate into the recirculation water.

Following the initial lactate injections, each cell was inoculated with approximately 100 L of
SDC-9™., The inoculation was performed by injecting proportional amounts of culture into each
injection well (50 L per well in active cell, 33 L per well in passive cell) with argon as a carrier
gas to ensure the culture did not come in contact with air.

Once the wells were inoculated, the final 10 percent of lactate-amended water for the injection
was added to each injection well (i.e., 100 ga llons per well). This lactate s olution was mixed
approximately 72 hours before injecting to ensure that the water was anoxic.

5.6.4.1 Lactate Injection Modifications

Following the bi oaugmentation, l actate injections w ere c ontinued for 8§ months. However, the
injection s trategy w as modified in the active cell. B ecause ¢ arbon d istribution was le ss than
anticipated i n t he a ctive c ell, t he pul sing s trategy w as m odified t o w eekly f rom monthly.
Although the frequency of injections was increased, the volume was decreased to approximately
12.5 gallons of stock lactate per event such that the monthly lactate mass injected did not change.

In June 2009, t he active cell lactate injection strategy was modified again based on continued
low carbon distribution throughout the active cell. The lactate concentration during each weekly
injection was increased such that 50 gallons of stock sodium lactate were injected per event.

5.6.4.2 Groundwater Sampling

Groundwater s ampling was pe rformed following bi oaugmentation to monitor the c ontaminant
destruction, e lectron donor di stribution, a nd ba cterial di stribution a nd a ctivity. Groundwater
samples were collected according to the sampling schedule shown in Section 5.7.
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5.6.5 System Shut-down

In October 2009, the recirculation system was shut down. Once it was determined in March 2010
that no additional data would be collected, the system was decommissioned in April 2010, and
all equipment was removed from the site.

5.7 SAMPLING METHODS

Groundwater sampling was performed in each of the three phases of the demonstration to collect
data se ts t hat w ould achieve t he p roject obj ectives. P hase 1 1 ncluded one round of ba seline
sampling, and P hase 2 included t hree r ounds of s ampling. F ollowing bi oaugmentation, e ight
rounds of sampling were performed.

5.7.1 Sampling Summary

Samples were collected as shown in Table 5-3 during the demonstration. All injection wells and
monitoring wells (including CMT wells) were sampled in the passive cell during each event, and
the combined e ffluent from the two extraction wells and all monitoring wells (including CMT
wells) were sampled in the active cell during each event. Not all analyses were performed during
each event, as specified in Table 5-3. Not all screened intervals in the CMT wells were sampled
during each event by design. Additionally, because the depth to water varied during the course of
the demonstration, the amount of intervals sampled had to be modified if certain intervals were
dry. A detailed summary of the samples collected is provided in Appendix G.

5.7.2 Analytical Methods

Analytical t echniques f or t his d emonstration i ncluded s tandard E PA methods f or V OCs,
ethene/ethane/methane, anions, COD, and alkalinity, as well as a ccepted field measurements
using water qua lity instruments and field test kits. Two i nnovative a nalytical t echniques f or
which no s tandard E PA methods e xist are included in this de monstration, both of which are
important for assessing the demonstration's performance. A summary of the analytical methods
used is provided in Table 5-4.

The two innovative analytical techniques used during this demonstration were qPCR and carbon
stable isotope analysis (CSIA). As discussed above, these techniques do not have standard EPA
methods, although the methods have been published. The actual analytical method is published
for gPCR by Rahm et al. (2006) and for CSIA by Song et al. (2002).

gPCR

The most crucial of these methods is qPCR, which was used to track the growth and distribution
of the introduced bacteria. Initial detections of bacteria at a given well were used to calculate
bacterial transport times, which were used to infer whether differences in the bioaugmentation
strategies im pacted distribution.
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Table 5-3. Monitoring Summary

Number Recirculation Cell Well Number Passive Cell Well Number
Sampling Round Sampling Date Samples Samples Total of

Extraction | Monitoring | CMT"' | Injection | Monitoring | CMT' QA/QC;

samples
Baseline Sampling (C) April-08 2 3 9 3 6 9 32 4
Pre-conditioning — Month 1 May-08 2 3 3 3 6 3 20 2
Pre-conditioning — Month 2 September-08 2 3 3 3 6 3 20 2
Pre-conditioning — Month 3 (C) November-08 2 3 9 3 6 9 32 4
Bioaugmentation sampling — Month 4 January-09 2 3 3 3 6 3 20 2
Bioaugmentation sampling — Month 5 (C) February-09 2 3 3 3 6 3 20 2
Bioaugmentation sampling — Month 6 March-09 2 3 3 3 6 3 20 2
Bioaugmentation sampling — Month 7 (C) April-09 2 3 9 3 6 9 32 4
Bioaugmentation sampling — Month § May-09 2 3 3 3 6 3 20 2
Bioaugmentation sampling — Month 9 June-09 2 3 3 3 6 3 20 2
Bioaugmentation sampling — Month 10 (C) October-09 2 3 9 3 6 9 32 4
Bioaugmentation sampling — Month 13 (C) December-07 2 3 3 3 6 3 20 2
Bioaugmentation sampling — Month 16 (C) N/S Month 16 Sampling Event not required based on meeting demonstr|ati0n objectives.
Totals 320 36

All samples were analyzed for the following parameters (analysis details shown in Table 5-4):

e Field parameters
0 Conductivity, pH, Temperature, Dissolved Oxygen, Oxidation Reduction Potential, Turbidity, Ferrous iron, and iodide tracer
e Lab parameters (Method ID)
0 VOCs (8260B), Dissolved Gases - Methane, Ethane, and Ethene (RSK 175), Anions (353.2), Alkalinity (310.1), DNA Analysis (QPCR), Chemical
Oxygen Demand - COD (410.4)
(C) All samples collected during the Baseline, Month 3, Month 5, Month 7, Month 10, Month 13, and Month 16 sampling periods were analyzed for stable
carbon isotopes.

1 Only one depth sampled from each CMT well during months 1, 2,4, 5, 6, 8, 9 and 13. Up to 3 depths sampled in other sampling periods, depending on
observed water levels.

2 Approximately 10% of all samples were collected for QA/QC during the monitoring period.
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Table 5-4. Sample Collection and Analysis Summary

Sample container ] Analytical Holding
Analytes i el e Preservative Method time Comments
Field laboratory analyses [priority
Ferrous Iron [1] One 125-mL HDPE 4°C Hach Method 8146 | 30 minutes | Mustbe analllyeza‘zl‘l;g:ed‘mly; no
Tracer - Todide [2] One 125-mL HDPE 4°C Ion specific Electrode 4 hrs
Off-site laboratory analyses
VOCs Two glass 40-mL o
VOA vials 4°C SW-846 8260B 7 days No headspace
DNA Sequencing One |-L HDPE 4°C gPCR 3 days No headspace
Stable Carbon Isotopes One |-L HDPE 4°C GC-IRMS 7 days No headspace
Ethene/ethane/methane Three glass 40-mL o RSK-175 (or
VOA vials 4C equivalent) 7 days No headspace

Chloride One 250-mL HDPE 4°C EPA 3253 28 days
Chemical Oxygen Demand One 50-mL HDPE H,S0,/4°C EPA 410.4 28 days
Alkalinity One 250-mL HDPE 4°C EPA 310.1 14 days
Nitrate One 250-mL HDPE 4°C EPA 300.0 48 hours See below
Nitrite/Nitrate Added because 48-hour hold time

One 250-ml HDPE H,S0,4/4°C EPA 353.2 14 days not always achievable for Nitrate

analysis

Sulfate One 250-mL HDPE 4°C EPA 375.4 28 days

gPCR = quantitative polymerase chain reduction
HDPE = high-density polyethylene
VOA = volatile-organic analysis
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The DNA extractions and qPCR analyses were performed by North Wind, Inc. because of their
specialized expertise i n ¢ lone | ibrary de velopment, D NA s equencing, a nd qPCR method
development.

CSIA

The second innovative analytical technique was CSIA for TCE, cis-1,2-DCE, VC, and ethene.
Following t he a nalysis, s table ¢ arbon 1 sotope ratios for e ach c ompound w ere de termined t o
evaluate de gradation p atterns a nd the e xtent of de chlorination of pa rent ¢ ompounds. Stable
carbon isotope ratios are described in terms of 8'°C, which is defined by the following equation:

§°C = ((Rsample/Rstandard) -1)x 1,000

where:

) = delta notation of stable isotope ratio

Bc = carbon-13

R = concentration of carbon-13/concentration of carbon-12

Thus, if the sample has a lower ratio of carbon-13 to carbon-12 than the ratio of the reference
standard, 8"°C is ne gative. If t he s ample ha's a hi gher ratio, t hen 8"°C is pos itive. Stronger
molecular bonds are formed by ¢ arbon-13 than by ¢ arbon-12. When de chlorination s tarts, the
weaker-bonded ¢ arbon-12 i sotopest endt o b e transformed m ore qui ckly, resultingint he
enrichment of carbon-13 in the residual reactant (e.g., cis-1,2-DCE that is being transformed to
VC). This causes 8"C to increase for cis-1,2-DCE. On the other hand, the amount of carbon-12
in the product (in this case, VC and ethene) is initially higher, causing 8"°C to be more negative.
However, if a finite amount of reactant is present and the reaction proceeds to completion, then
8'°C of the product(s) will equal that of the initial reactant (Song et. al, 2002). In other words,
when dechlorination starts, the 8°C of the newly formed vinyl chloride and ethene will initially
be much “lighter” (more ne gative) than baseline samples of cis-1,2-DCE (because of a higher
amount of carbon-12 in the newly formed compounds than in the original cis-1,2-DCE). The cis-
1,2-DCE's §"°C will, in turn, become “heavier” (less negative) than baseline (because of a higher
amount of carbon-13 than carbon-12 in the remaining cis-1,2-DCE) as it is dechlorinated. As the
cis-1,2-DCE is completely dechlorinated, the 8'°C in the degradation products will approach and
eventually equal that of the original cis-1,2-DCE.

The CSIA was performed by L awrence B erkeley N ational L aboratory (LBL). The Center for
Isotope Geochemistry stable isotope laboratory at LBL conducts basic and applied geochemical
research using the isotope ratios of light elements including hydrogen, carbon, nitrogen, oxygen
and c hlorine. Results are included in A ppendix H for the active cell and A ppendix I for the
passive cell.

Field Analyses

Field analyses for ferrous iron were performed as per the test kit m anufacturer's i nstructions.
Field analyses for DO, ORP, temperature, pH, and specific conductivity were performed as per
the water quality meter manufacturer's instructions. Analysis for iodide tracers was performed
per the ion specific electrode manufacturer's instructions.

54



5.7.3 Quality Control

Laboratory quality assurance (QA) for the onsite field analyses included analysis of blanks and
duplicates. O ffsite la boratory qua lity a ssurance r equirements w ere de fined i n t he 1 aboratory
SOW. Frequencies for QA analyses are specified in Table 5-5. Further details are provided in
Appendix G, which addresses the appropriate sections of the Quality Assurance Project Plan for
this demonstration. Also included in Appendix G is a description of the calibration procedures
performed for all e quipment not o perated by a c ontract 1 aboratory. F or a Il e quipment us ed
outside the contract laboratory, calibration procedures were performed as per the manufacturer
guidelines. Sample documentation procedures are also detailed in Appendix G.

All data, checklists, photographs, and calibration logs generated during the demonstration were
included as part of the project file. These data and reports will be maintained by CDM.

Table 5-5. Field QA frequency for Groundwater Monitoring

Sample Type Frequency Comments

Field Duplicate 1 per 20 samples® All samples

Field blank 1 per 20 samples® All samples

Trip blank 1 per sample cooler For off-site VOCs and
ethene/ethane/methane samples
only.

a: 1 sample for all analytes per day if number of monitoring locations is <20.
5.7.4 Decontamination Procedures

Any residuals that were generated during drilling and during the technology demonstration were
handled and disposed in an appropriate m anner. R esiduals generated from this w ork included
water du ring drilling, well de velopment, and e quipment de contamination; pur ge w ater f rom
sampling; drill cuttings; field test kit wastes; sampling equipment de contamination wastes; and
personal protective equipment (PPE).

Water generated during the demonstration was stored temporarily in a storage tank and then sent
to an appropriate disposal facility for disposal. Soil generated during well installation was stored
in a covered bin onsite.

All solid waste and RCRA waste was disposed offsite. The Generator EPA ID number for this
site is CA0170024491.

5.8 SAMPLING RESULTS

This se ction summarizes t he sam pling results f rom t he act ivities s pecified in Section 5.6.

Specifically, an analysis of the concentration trends for five main parameters is provided in this
section. In order for complete reductive dechlorination of TCE to ethene to occur biologically,
electron donor must be adequately distributed, redox conditions must be sufficiently reducing,
pH should be in the appropriate range, and appropriate microbial populations must be present
and active. The performance of the active and passive cells was therefore evaluated based on the
success of electron do nor 1 njections, e xtent o f e lectron d onor di stribution, ¢ hanges i n redox
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conditions, extent and rate of dechlorination, and changes in the microbial population within the
aquifer of the active and passive cells.

5.8.1 Active Cell
Trends for the five parameters of interest in the active cell are presented in this section.

5.8.1.1 Electron Donor Distribution

COD was measured to indicate the amount of available electron donor in the groundwater. COD
is an important metric, as it represents the carbon and energy available to dechlorinating bacteria.
Complete COD results for the active cell are included in Table H-1 and figures showing the key
COD concentration trends are presented in Appendix H.

The baseline sampling event (April 2008) showed COD concentrations ranging between 28 and
60 mg/L in active cell wells. During the pre-conditioning phase ( April 2008 t o January 2009)
when qua rterly pu lsed e lectron don or i njections ( 1,000 ga llons of 2 percent (v/v) of s odium
lactate so lution) were performed, COD conc entrations were observed to increase slightly (i.e.,
near 2 X background concentrations) only at wells AMW-2 (78 mg/L in September 2008) and
AMW-4 (Z1) (120 mg/L in May 2008). The concentrations at all other wells and zones remained
near ba ckground. T he quarterly injections w ere a ble to achieve s ome i ncreasei n C OD
concentrations ¢ omparedt ob aselinea nd the e lectron donor di stribution w as obs erved
approximately 36 feet downgradient (well AMW-4) of the injection wells within the active cell.

To achieve better electron donor distribution and increase the C OD concentrations w ithin the
active cell, the injection strategy was modified to include weekly electron donor injections with
approximately 750 gallons of 1 percent (wt/wt) sodium lactate solution between January 26 and
June 9, 2009. D uring this period, a slight increase in COD concentrations near 2X background
was observed at the monitoring wells (AMW-4 (Z1) - 85 mg/L in February 2009, AMW-5 (Z1
[83 mg/L in June 2009] and Z2 [70 mg/L in April 2009]) and the upgradient well (AMW-1 — 120
mg/L in F ebruary 2009 ). O nly w ell AMW-2 s howed C OD c oncentrations of a few hundr ed
mg/L, which pe aked in January 2009 (580 mg/L), but then decreased and was observed near
background by May 2009 (Figure 5-5). The concentrations at all other wells and zones remained
near background. The donor distribution was still approximately 36 feet downgradient but now
included w ell A MW-5 a nd e ffects w ere a Iso obs erved a pproximately 25 f eet upgr adient
(AMW-1) of the injection wells within the active cell.

To further improve electron donor distribution and increase the COD concentrations within the
active cell, the injection strategy was modified again to include weekly electron donor injections
using a pproximately 1,000 ga llons of 3 percent sodium lactate s olution be tween June 10 a nd
October 2, 2009. E levated C OD c oncentrations i n t he r ange of a few hundr ed mg/L w ere
observed in O ctober 2 009 ata number of monitoring w ells i ncluding A MW-2 (400 m g/L),
AMW-3 (Z2) (540 m g/L), AMW-4 (Z1[ 420 mg/L]), A MW-5(Z2)(350m g/L),andthe
upgradient w ell, AMW-1 (180 mg/L). T he donor di stribution w as now gr eater t han 36 f eet
downgradient of the injection wells and also included wells AMW-3 (Z2) and AMW-4 (Z2) but
still failed to reach well AMW-6 located approximately 72 f eet dow ngradient of the injection
well. C ontinued e ffects of donor di stribution w ere a Iso obs erved a pproximately 25 f eet
upgradient of the injection well within the active cell. The majority of the COD increases were
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observed in zones 1 and 2 of the CMT wells. It should be noted that Zone 3 of the CMT well
AMW-5 was never sampled during the pilot test due to a lack of water at that location. Furthest
downgradient wells AMW-6 and AEW did not show elevated COD concentrations throughout
the pilot test, indicating that donor was not distributed at these wells.

5.8.1.2 Redox conditions

Redox conditions are frequently monitored by m easuring the ORP. Itis a simple indicator of
redox conditions and can be easily measured on site during the field activities. However, it is not
the most accurate parameter in assessing the actual redox conditions, and if considered alone can
sometimes be misleading. Thus, it is also required to monitor concentrations of certain inorganic
electron acceptors in addition to ORP to assess the redox conditions at a si te accurately. ORP
measurements a nd ¢ oncentrations o fi norganic electron acceptors ( DO, ni trate, f errous iron,
sulfate and methane) for the active cell are included in Table H-1 and figures showing the key
changes in electron acceptors are presented in Appendix H.

ORP

ORP is measured in a flow-through cell during sampling. Generally, ORP measurements that are
slightly pos itive 1 ndicate mildly r educing ¢ onditions. R eductive de chlorination is ge nerally
possible with ORP values less than approximately +50 millivolts (mV), but more negative ORP
measurements (less than -100 mV) indicate strongly reducing conditions that are favorable for
complete reductive dechlorination (EPA, 1998).

ORP values at all the active cell wells were mostly high and ranged from 73 mV to 443 mV
during the baseline sampling event, with the exception of wells AMW-5 (Z1 [-83 mV] and Z2
[15 mV]). Following electron donor injections ORP values were reduced at all the active cell
wells. As of O ctober 2009 the ORP values were observed below 50 mV at all the active cell
wells, and were observed below -100 mV at wells AMW-1, AMW-2, AMW-3 (Z2), AMW-4 (Z1
and Z2), and AMW-5 (Z1 and Z2). Overall, the ORP values at the monitoring wells were in the
appropriate range for dechlorination and indicate e stablishment and sustenance of moderate to
strongly reducing conditions within the active cell.

Electron Acceptors and Reduced Products

As discussed above, the aqueous concentrations of inorganic electron acceptors and their reduced
products are a more reliable indicator of reducing conditions in the groundwater than ORP. The
redox conditions typically progress from aerobic = nitrate reducing = iron reducing > sulfate
reducing = methanogenic following addition of a sufficient supply of electron donor. Decreases
in concentrations of DO, nitrate, and sulfate, and increases in ferrous iron and methane indicate
that conditions are becoming favorable for dechlorination.

Dissolved Oxygen

Low DO concentrations are required for reductive dechlorination to occur; generally DO
concentrations less than 0.5 m g/L are best for reductive dechlorination, whereas hi gher
DO concentrations (generally greater than 1 mg/L) are harmful (EPA, 1998). DO was not
ar eliable r edox i ndicator duringt his demonstration, | ikely be cause of e quipment
problems, and so it is not discussed here.
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Nitrate Reduction

Nitrate concentrations of less than 1 mg/L are considered appropriate for dechlorination
(EPA, 1998) . T he ba seline s ampling e vent s howed nitrate conc entrations 1 ess t han 1
mg/L at all the active cell wells. The already low nitrate concentrations were reduced and
observed near or below detection limit at all the active cell wells during the pilot test.
Overall, the results indicate that nitrate reduction was not an important process within the
active cell due to the lack of nitrate available.

Iron Reduction

Ferrous iron is the product of ferric iron reduction. Ferrous iron concentrations of near or
greater than 1 mg/L are c onsidered indicative of iron -reducing ¢ onditions t hat ¢ ould
support dechlorination (EPA, 1998). T he baseline s ampling e vent s howed ferrous iron
concentrations of 1 esst han 0.25 mg/L at al 1t he act ive cel 1 w ells. Ferrousi ron
concentrations increased at all the active cell following donor distribution e xcept wells
AMW-6 and AEW. At well AMW-2 the ferrous iron concentration were near or above
3 mg/L be tween S eptember 2008 a nd J une 2009 but were r educed to be low de tection
limit in October 2009. The blackish water observed during this sampling event indicates
that the decrease in ferrous iron concentration may be due to the production of reduced
iron sulfide minerals (ferrous iron reacts with sulfide, w hichis formed from sulfate
reduction). This has been observed at sites where ferrous iron is not available in dissolved
form under intrinsic ¢ onditions and sulfate is present in large amounts. A s of O ctober
2009, elevated ferrous iron c oncentrations of near or above 3 m g/L were observed at
wells AMW-3 (Z2 and Z3), AMW-4 (Z1 and Z2), and AMW-5 (Z2). Increases in ferrous
iron concentrations w ere al so observed at w ells A MW-3 ( Z1) ( February 2009) a nd
AMW-4 (Z3) (April and June 2009), but the c oncentrations were not sustained. At the
upgradient w ell AMW-1 the ferrous iron ¢ oncentrations v aried a nd d epended on t he
donor di stribution. A s of O ctober 2009 e levated f errous i ron ¢ oncentration ( above
3 mg/L) were observed at well AMW-1. Overall, the results indicate that iron reducing
conditions were established at the wells in the upper portion of the active cell.

Sulfate Reduction

Optimal dechlorination rates are typically supported by sulfate concentrations of less than
20 mg/L (EPA 1998). However, as shown in Section 5.4, dechlorination can occur at
sulfate concentrations higher than this at sites where initial sulfate is greater than 500-
1,000 m g/L. B ecause of't his, t he more i mportant i ndicator of a ppropriate redox
conditions 1 s dow nward t rends in s ulfate ¢ oncentrations, w hich i ndicate t hat s ulfate
reduction is occurring.

Baseline sulfate concentrations were above 3,000 mg/L in all the active cell wells except
well AEW. Near the injection wells, sulfate was above 7,000 mg/L; closer to extraction
wells AEW the sulfate concentration was 1,600 mg/L. Following donor injections sulfate
concentrations decreased considerably at all the wells in the upper portion of the active
cell: AMW-1, AMW-2, and all three zones of CMT wells except well AMW-5 zones 1
and 3 (no data c ollected). A s of O ctober 20 09 s ulfate reductions in the r ange of 62
percent to 98 percent were achieved at wells AMW-2, AMW-3 (Z1 to Z3), AMW-4 (Z1
to Z3), and AMW-5 (Z2) depending on the extent of donor distribution. At the upgradient
well AM W-1 the sulfate concentrations varied and depended on t he donor distribution.
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Compared to baseline, 57% removal of sulfate was observed at well AMW-1 in October
2009. Some increase in sulfate concentrations was observed at wells AMW-6 and AEW
during the pilot test indicating the breakthrough of water from upgradient at these wells.
Overall, the results indicate that sulfate reducing conditions were established at the wells
in the upper portion of the active cell.

Methanogenesis

Methanogenesis, the production of methane from carbon dioxide, is the most favorable
redox ¢ ondition f or complete dechlorination. Met hanogenesis r esults i ni ncreased
concentrations of  methane. D uringt he ba seline samplinge vent,1 ow methane
concentrations (less than 0.15 mg/L) were observed at all the active cell wells. Methane
concentrations r emained near ba seline ( less than 0.15 mg/L) at the active cell w ells
throughout the operation of the pilot test indicating that strongly methanogenic conditions
were not observed at any well within the active cell.

Redox Summary

Based on the results discussed in this section, it can be concluded that redox conditions
shifted in accordance with the electron donor distribution, and as of October 2009, sulfate
reducing to methanogenic conditions were established within the active cell except in the
furthest downgradient 1 ocations, AMW-6 andthe A EW wells. An e xample of r edox
conditions is included in Figure 5-6 for AMW-4 Zone 1.

5.8.1.3 VOC Concentrations
The concentrations of electron donor and redox conditions only indicate whether conditions are
favorable for reductive dechlorination to progress at a site. The concentrations of chloroethenes
and ethene need to be monitored as direct evidence. Complete results for VOC concentrations for
the active cell are presented in Table H-1 and figures showing the key VOC concentration trends
are presented in Appendix H.

Baseline ¢ onditions ( April 2008) were ¢ haracterized by hi gh ¢ hloroethene co ncentrations
observed at the active cell wells, primarily consisting of TCE c oncentrations ranging between
96 pug/L and 10,000 p g/L and D CE c oncentrations ranging be tween 5 pug/L and 660 p g/L.
Exceptions were we lls AM W-6, which e xhibited a much hi gher TCE c¢ oncentration of
140,000 pg/L, and A EW, which exhibiteda D CE ¢ oncentration of 1,9 00 pg/L. Al ow
concentration of VC was detected only at well AEW (48 ug/L), whereas ethene was not detected
at any of the active cell location during the baseline sampling event.

Following electron donor injections, an increase in TCE and total chl oroethene concentrations
was noted atall the wells sampled. T his was likely caused by de sorption a nd/or e nhanced
dissolution from a residual TCE source, and also due to the fact that TCE concentrations near the
extraction well were higher than those near the injection wells at the start of recirculation. The
concentrations of total chloroethenes increased by a factor r anging from nearly 4X at well
AMW-2 to greater than 39X at well AMW-4 (Z2) in April 2009 when compared to the baseline
concentrations.

During the pr e-conditioning pha se (April t o N ovember 2008) , a dramatic inc rease in DCE
concentrations ranging from 650 pg/L to 8,400 ug/L in November 2008 was observed at the
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wells loc ated in the uppe r ha If of the active cell (A MW-1, AMW-2, AMW-3 (Z1toZ3),
AMW-4 (Z1 to Z3), and AMW-5 (Z1 to Z3). The increase in DCE concentrations indicated that
degradation of the T CE was occurring. However, very little increase in V C concentration w as
observed during pr e-conditioning, (detected at9 pg/L to 35 pug/L atwells AMW-2, AM W-3
(Z1), AMW-4 (Z1), and AMW-5 (Z2)) and no e thene production was observed during the pre-
conditioning phase. These results suggested the necessity for bioaugmentation for dechlorination
to progress within the active cell.

Following b ioaugmentation a nd the ¢ hange t o weekly lactate i njections, further pr ogress in
dechlorination was observed rapidly in the upper half of the active cell with increases in removal
of T CE and conversion largely to V C and s ome e thene. T he hi ghest e thene ¢ oncentration o f
200 pg/L was observed at well AMW-3 (Z1) during June 2009. Well AMW-5 (Z3) could only be
monitored in A pril 2009 a nd the presence of l1arge c oncentrations of D CE (>4200 p g/L) and
some VC (170 pg/L) indicated that this well was also being impacted by the injections. At the
upgradient w ell AMW-1, good p rogressi n dechlorination w as ob served f ollowing donor
injections and bi oaugmentation but the T CE c oncentrations s tarted r ebounding be tween A pril
and J une 2 009 due t ol imited electron donor ava ilability. Based ont he lack o f co mplete
conversion of TCE to ethene in the upper part of the active cell, combined with less favorable
conditions observed at well AMW-1, the electron donor injection strategy was modified again by
increasing the volume and concentration of weekly electron donor injections.

Complete reductive dechlorination of TCE to ethene was observed in the upper half of the active
cell following the increase in electron donor volume and concentration that began in June 2009.
As of October 2009, T CE degradation ranging from 85 percent to 99.7 percent was achieved in
the upper portion of the active cell. In addition, large increases in V C c oncentrations ranging
from 510 p g/Lto 6,000 u g/L, and significant ethene pr oduction ranging from47 p g/L to
1,500 pg/L at wells AMW-1 and AMW-2, and all three zones of the three CMT wells, indicated
that complete dechlorination was achieved. Zone 2 of the CMT wells appeared to be the most
impacted with much higher ethene production observed, followed by zone 1 and then zone 3.

At well AMW-6, TCE concentrations decreased by 79 percent, DCE concentrations increased by
642 percent, and dramatic increases in VC c oncentration from be low de tection limit to
4,900 pg/L were observed in October 2009. Because little change was observed in the COD and
redox data at AMW-6, these VOC results suggest that the shift in VOC concentration is a result
of biodegradation occurring upgradient and degradation products being transported to this well.
Similarly, at well A EW, TCE co ncentrations i ncreased by 50 percent, D CE ¢ oncentrations
increased by 15 percent, and a large increase in VC concentration from 48 pg/L to 510 pg/L was
observed in October 2009.

Once complete reductive dechlorination of TCE to ethene was achieved, a loss of chloroethene
mass balance was observed at all the wells located in the upper half of the active cell. T his
phenomenon has been observed at other sites with similar conditions, namely shallow, relatively
"thin" contaminated aquifers ( e.g., F rench et al, 2003). This r esult can at | east partially be
attributed to the volatilization of VC and ethene to the vadose zone.
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In summary, complete reductive dechlorination of TCE to ethene was achieved only in the upper
half of the active cell (greater than 36 feet downgradient and approximately 25 feet upgradient of
the injection wells) as a function of electron donor distribution. An example of this is included in
Figure 5 -7f or A MW-1. Vertical di stribution of e lectron donor a ppears e ffective w ith
dechlorination of TCE to ethene being observed in all three zones of all the three CMT wells.
However, Zone 2 of the CMT wells was impacted the most, followed by Zone 1 and Zone 3. It
should also be noted that the considerable production of ethene occurred in the presence of high
sulfate concentration and minimal methane production which confirmed that complete reductive
dechlorination could be achieved in the presence of high sulfate concentrations.

CSIA data for the a ctive c ell ge nerally were ¢ onsistent with the C VOC da ta, in that th ey
suggested degradation to VC and ethene was occurring. An example CSIA chart is included as
Figure 5-8 for AMW-2. T his chart shows a ve ry “heavy” signature (less ne gative) for T CE,
indicating that it has been substantially de graded. A Iso, c-DCE and VC also become heavier
during the course of the demonstration, indicating degradation is occurring. Ethene was detected
at this location, but not in high enough concentrations to be able to perform an isotope analysis.
The rest of the active cell CSIA data are included in Appendix H.

5.8.1.4 Biological Indicators

Dechlorinating bacteria, pH, and alkalinity can serve as indirect lines of evidence for occurrence
of bi ological a ctivity within the aquifer. In particular, increase in numbers (i.e., gr owth) of
dechlorinating bacteria suggests the oc currence of biodegradation of VOCs within the aquifer.
These parameters are discussed below.

Dechlorinating Bacteria

DNA sa mpling was p erformed att he ac tive cel I w ellst o evaluate t he pr esence of the
dechlorinating ba cteria DHC prior t o bi oaugmentation, and more im portantly, the suc cess of
bioaugmentation f ollowing inoculation of bacteria. Complete r esults f or t he a ctive ce 1l ar e
provided in Table H-1 and figures showing the key DNA trends are presented in Appendix H.

During the baseline sampling event, low numbers of DHC (16S rRNA and functional genes tceA
and bvcA) on the order of 10% gene copies/L were observed only at well AEW within the active
cell. The functional gene vCrA was not observed at any well within the active cell.

During the pre-conditioning phase low numbers of DHC bacteria (16S rRNA and/or functional
genes tceA and bvcA) on the order of 10? gene copies/L to 10* gene copies/L were observed at
wells AMW-2 (November 2008), AMW-4 (Z1) (November 2008), AMW-5 (Z1) (May 2008 and
September 2008), AMW-6 (September 2008), and continued to be observed at well AEW (May
through N ovember 200 8). H owever, t he functional ge ne vcrA was not obs erved at any well
within the active cell. The DNA results suggested the need for bioaugmentation within the active
cell, and also confirmed that the vcrA gene could be used as a bi omarker for the introduced
culture (refer to Section 6.3.1).

Following b ioaugmentation a nd du ring i njection of one pe rcent s odium | actate, considerable
increases in num bers of DHC bacteria (r anging from > 10° gene copies/mL to> 10° gene
copies/mL) and all three functional genes (tceA, bvcA, and vcrA) were observed in all wells in
the upper portion of the active cell: AMW-1, AMW-2, and all zones of CMT wells (AMW-3, -4,

63



Seal Beach
Groundwater Bioaugmentation

AMW1 - 25' BLS

== PCE ™ TCE mm DCE ™ VC mm Ethene ===Donor ===\\kly Donor 1% Wkly Donor 3% Bioaugment

80 1y | | N
70

60
50
40

30

-
>~
[e)
&
=
c
o
e}
©
| .
4
c
Q
O
c
o
@)
@)
@)
>
(@)

20
10

0

S &P

S P &P &P
3B B AN O o0 e

\
R

S D
SN ARG

Collection Date

S & %\Qo) \Qq% \/\QQ%Q\@

A QY AW QN 7o)

Figure 5-7
. . CHLORINATED VOC MOLAR CONCENTRATION TREND, AMW-1
Recirculation system was shut off between 9/2/2008 and 1/6/2009. NAVWPNSTA SEAL BEACH SITE 70

SEAL BEACH, CALIFORNIA



SmithNT
Text Box
                                                                                                        Figure 5-7
            CHLORINATED VOC MOLAR CONCENTRATION TREND, AMW-1
                                                            NAVWPNSTA SEAL BEACH SITE 70
                                                                          SEAL BEACH, CALIFORNIA


SmithNT
Text Box
                 64


Seal Beach
Groundwater Bioaugmentation

AMW?2 - 25' BLS

d13CTCE d13CcDCE -A-d13CVC

v
=

©
>
o™
-
O

12/30/2008 2/18/2009 4/9/2009 5/29/2009 7/18/2009 9/6/2009 10/26/2009

Figure 5-8
CSIA RESULTS FOR AMW-2

Recirculation system was shut off between 9/2/2008 and 1/6/2009. NAVWPNSTA SEAL BEACH SITE 70
SEAL BEACH, CALIFORNIA



SmithNT
Text Box
                                                                                                        Figure 5-8
                                                                         CSIA RESULTS FOR AMW-2
                                                            NAVWPNSTA SEAL BEACH SITE 70
                                                                          SEAL BEACH, CALIFORNIA


SmithNT
Text Box
                 65


and -5). However, a decline in DHC populations (for example, 2 order of magnitude decrease at
well AMW-4 (Z1) in June 2009) was soon observed within the upper half of the active cell. Low
numbers of DHC bacteria were observed at well AMW-6 and AEW indicating that these wells
were not being impacted. The decline in numbers of DHC bacteria combined with the COD and
VOC data indicated that donor injection strategy needed to be optimized further in order sustain
and advance reductive dechlorination within the active cell.

The inc rease in w eekly e lectron d onor in jection concentration from 1 percent to 3 percent
sodium I actate so lution r esulted in i ncreases o r sus tenance of t he num bers of DHC bacteria
and/or the functional genes in the upper portion of the active cell: AMW-1, AMW-2, and all
zones of CMT wells (AMW-3, -4 and -5 except well AMW-3 (Z3) and AMW-5 (Z1)). Low
numbers of DHC bacteria observed at well AMW-6 and AEW indicated that these wells were
still not being impacted by the remedy. An example of the DHC population trends is presented in
Figure 5-9 for AMW-1.

Overall, the dechlorination t rends t hroughout t he de monstration, t he complete ¢ onversion of
TCE to ethene only after bioaugmentation, and the DNA results indicate that bioaugmentation
was successful for the upper half of the active cell. Because low levels of DHC were detected
prior to bioaugmentation (specifically the bvc A and tceA genes), it is possible that some of the
DHC presentin thea ctivec ell w as f rom growth of indigenous ba cteria. However, t he
bioaugmentation culture also contained these functional genes, so it is also possible that majority
of DHC was from the added culture. While it is not clear exactly whether all of the DHC present
in the active cell were from the added culture, the most important point is that the vcrA results
indicate tha t DHC bacteria t hat were a dded dur ing bi oaugmentation w ere t ransported to
monitoring wells throughout the upper half of the active treatment cell. I n addition, vertical
distribution of DHC appeared to be effective, with complete dechlorination to ethene and DHC
bacteria observed in all 3 zones of all CMT wells.

pH

While pH is not an indicator of reducing conditions or dechlorination, it can indicate w hether
aquifer geochemistry is favorable for biological activity. pH levels in the appropriate range (5.0<
pH <9.0) provide verification that the progress of dechlorination (i.e., survival and performance
of the DHC bacteria) within the pilot test area is not being hindered (EPA 1998). Complete
results of pH measurements are included in Table H-1.

pH le vels were obs erved to decrease s lightly following electron donor in jection, particularly
following weekly electron injections of 1,000 gallons of 3 percent sodium lactate solution. But as
of O ctober 2009, pH levels were greater than 5.2 within the active cell. This indicates that
appropriate pH levels have been maintained within the active cell area, and that the aquifer has
sufficient buffering capacity.

Alkalinity

Alkalinity is an indicator of microbial respiration be cause carbon dioxide production increases
bicarbonate at typical groundwater pH levels. Alkalinity is also increased by the fermentation of
injected electron donor, providing an indication of whether electron donor utilization is occurring
in the treatment area. Complete results for alkalinity are presented in Table H-1.
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During the baseline sampling event, alkalinity values ranging between 450 mg/L and 860 m g/L
were observed. Alkalinity values were observed to increase at all the wells in the upper portion
of the active cell. As of October 2009, alkalinity values ranging between 8§70 and 1,900 mg/L
were observed. Alkalinity values mostly remained near background at wells AMW-6 and AEW.
The elevated alkalinity values observed at the wells in the upper portion of the active cell
indicate the presence o f biologi cal activity (specifically electron donor utilization) within the
active cell.

5.8.2 Passive Cell

5.8.2.1 Electron Donor Distribution

Complete COD results for the passive cell are included in Table I-1, and figures showing the key
COD c oncentration t rends a re pr esented i n A ppendix I. The ba seline sam pling event ( April
2008) showed COD concentrations ranging between 16 and 100 mg/L in the passive cell wells.
During t he pr e-conditioning pha se, the C OD c oncentrations w ere obs erved toi ncrease
significantly only in the central and lower portion of the passive cell with concentrations above
1,000 mg/L observed at injection wells PIW-2 and PIW-3 and monitoring wells PMW-7 and
PMW-8. Much lower COD values were observed in the upper portion of the passive cell with
concentrations ne ar o r above 100 mg/L obs erved a t injection w ell PIW-1 (September and
November 2008) and wells PMW-2 and PMW-3 (Z1) (November 2008). COD concentrations at
the upgradient well PMW-1 and all other monitoring wells and zones remained near background
during the pre-conditioning phase.

At inj ection w ells P IW-2 a nd P IW-3 a nd m onitoring wells P MW-7 a nd P MW-8, COD
concentrations c ontinued to remain above 1,000 mg/L during the post-bioaugmentation ph ase,
with the exception of well PIW-2 where concentrations decreased in October 2009 to 920 mg/L.
At well PMW-6 COD concentrations increased above 1,000 mg/L but were observed to decrease
in October 2009 (400 mg/L) whereas COD concentrations at well PMW-9 showed an increase in
COD concentrations in the range of a few hundred mg/L. Thus, in the central and lower portion
of the passive cell, the extent of e lectron don or di stribution w as e xpanded t o include w ells
PMW-6 and PMW-9 during the post-bioaugmentation phase.

During t he pos t-bioaugmentation pha se, C OD concentrations at upgr adient well PMW-1 and
injection well P IW-1 r emained ne ar ba seline except in June a nd O ctober 2009 when small
increases in concentration to about 60 mg/L and 45 mg/L (near 2X baseline), respectively, were
observed. Samples were collected from two different depth intervals (25 feet and 35 feet bgs) at
injection well PIW-1 in March 2009 to better understand the distribution of electron donor at this
well. But very similar concentrations (28 mg/L at 25 feet bgs and 30 mg/L at 35 feet bgs) were
observed, leaving t he r eason for t he s ignificant di fference i n C OD c oncentrations be tween
injection wells PIW-2 and PIW-3 and injection well PIW-1 unknown. At well PMW-2 the COD
concentration remained near baseline, except in October 2009 (410 mg/L). COD concentrations
at the CMT wells were observed to increase above 1,000 mg/L at wells PMW-3 (Z2 and Z3),
PMW-4 (Z3), and PMW-5 (Z2) and in the range of a few hundred mg/L in all other zones. Zone
2 of the CMT wells appeared to be the most impacted with higher COD values followed by zone
3 and then zone 1. T hus in the upper portion of the passive cell, the extent of electron donor
distribution was e xpanded t o i nclude a Il three C MT w ells dur ing t he pos t-bioaugmentation
phase.
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In general, COD c oncentrations increased and resulted in good donor di stribution w ithin the
treatment zone of the passive cell e xtending approximately 22 f eet d owngradient and 15 feet
cross-gradient of the injection wells. E ffects of donor injections w ere obs erved a few months
earlier in the central and lower portion of the compared to the upper portion of the passive cell.
Vertical distribution appeared effective, with the impact of donor observed more in zones 2 and 3
compared to zone 1 of CMT wells. Overall, the results suggest that electron donor can be easily
injected using slug injections and effectively distributed to at least 22 feet downgradient using
the passive injection approach at the Site. Figure 5-10 shows an e xample COD co ncentration
trend for PMW-7.

5.8.2.2 Redox conditions

ORP measurements and concentrations of inorganic electron acceptors (DO, nitrate, ferrous iron,
sulfate and methane) for the passive cell are included in Table I-1 and figures showing the key
redox conditions trends are presented in Appendix 1.

ORP

ORP values at all the passive cell wells were mostly high and ranged from -60 mV to 484 mV
during t he baseline s ampling e vent. F ollowing e lectron donor i njections, ORP va lues w ere
observed to decrease as a function of electron donor di stribution and reached the a ppropriate
range at all the passive cell wells. As of October 2009 the ORP values were observed below 50
mV at all the passive cell wells, and were observed near or below -100 mV at all three injection
wells and monitoring wells PMW-2, PMW-3 (Z3), PMW-6, PMW-7, PMW-8, and P MW-9.
Overall, the ORP values at injection and m onitoring w ells were in the a ppropriate range for
dechlorination a nd suggest establishment a nd s ustenance of moderate t o s trongly r educing
conditions within the passive cell.

Electron Acceptors and Reduced Products
The ¢ hanges i n the concentrations of various electron a cceptors a nd t heir reduced pr oducts
throughout the pilot test within the passive cell are discussed below.

Dissolved Oxygen
DO wasnotar eliable r edox indicator during t his de monstration, likely because of
equipment problems, and is not discussed here.

Nitrate Reduction

The baseline sam pling event show ed nitrate concentrations less than 1 mg/L at all the
passive ce ll wells. T he al ready low nit rate co ncentrations w ere reduced and observed
mostly near or below detection limit at all the passive cell wells during the pilot test with
the exception of the upgradient well PMW-1 which showed nitrate concentrations near
baseline. Overall, the results indicate that nitrate reduction was not an important process
within the passive cell due to the low initial nitrate concentrations.
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Iron Reduction

The baseline sampling event showed ferrous iron concentrations below the detection limit
at all the passive cell wells except wells PMW-4 (Z5) (0.53 mg/L), PMW-5 (Z3) (0.015
mg/L), a nd P MW-5 ( Z4) ( 0.76 m g/L). E levated f errous i ron ¢ oncentrations w ere
observed at all the passive cell wells except the upgradient well PMW-1 and injection
well PIW-1 following electron donor injection. Elevated ferrous iron concentrations were
observed at zones 1 to 3 of the three CMT wells. Following the initial increase, ferrous
iron concentrations were found to decrease at some of the wells over time (PIW-2, PMW-
2, and PMW-6 through PMW-9). The blackish water observed during sampling event at
these w ells suggests the pr oduction of reduced iron sulfide minerals that e xplains the
decrease i n aque ous f errous i ron. O verall, t he r esults i ndicate t hati ron r educing
conditions were established at most of the wells within the passive cell.

Sulfate Reduction

Baseline sulfate concentrations were above 1,000 mg/L in all the passive cell wells and
ranged from 1,100 mg/L to 5,800 mg/L. Baseline sulfate concentrations were generally
higher in zones 2 and 3 of CMT wells (3,900 mg/L to 5,800 mg/L) compared to zone 1
(2,000 m g/L). F ollowing e lectron donor injections, sulfate con centrations de creased
significantly at injection wells PIW-2 and PIW-3 and monitoring wells PMW-2, PMW-7,
and PMW-8 with removal ranging between 76 percent and 100 percent in October 2009.
Significant decreases in sulfate concentrations were also observed at wells PMW-3 (Z2)
and PMW-6 with removal of greater than 75 percent in June 2009, how ever; rebound in
sulfate ¢ oncentrations were obs erved at these w ells in October 20 09. Little s ulfate
reduction was observed at wells PMW-4 (Z3) (30 percent removal) and PMW-5 (Z2) (19
percent removal) in October 2009. At well PMW-9 sulfate reduction was observed, but
the sulfate concentrations varied. At upgradient well PMW-1 and other zones of the CMT
wells, sulfate concentrations were observed near baseline. Overall, sulfate reduction was
observed at most of the wells in the central and lower portion of the cell, and at wells
PMW-2 and PMW-3 (Z2) in the upper portion of the passive cell.

Methanogenesis

During the baseline s ampling e vent, | ow m ethane c oncentrations (less than 0.5 mg/L)
were observed at all the passive cell wells with the exception of wells PIW-1 (2.3 mg/L)
and PMW-9 (2.8 mg/L). A significant increase in methane concentration (greater than 0.5
mg/L) w as observed as ar esult of lactate i njections in all thr ee in jection wells a nd
monitoring wells PMW-2, P MW-3 ( Z2), P MW-4 ( Z1), PMW-5 ( Z1), a nd P MW-6
through PMW-9. However, with the lack of sulfate reduction observed at wells PMW-4
(Z1) and PMW-5 (Z1), methane might not have been generated locally at these wells but
transported from upgradient. At all other wells and zones methane concentrations were
observed near baseline.

At the injection wells, methane production was observed almost 9 months (January 2009)
after beginning monthly donor injections, and at most of the monitoring wells, increases
in m ethane c oncentration w ere obs erved about 13 m onths ( May 2009 ) to 17 m onths
(October 20 09) a fter be ginning m onthly donor injections. At all the above mentioned
wells except injection well PIW-3, methane production was observed in the presence of
high sulfate concentrations indicating that all sulfate present does not need to be reduced
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before methanogenic conditions are established. Overall, methanogenic conditions were
observed at most of the wells in the central and lower portion of the passive treatment cell
and at wells PIW-1 and PMW-2 in the upper portion of the passive cell.

Redox Summary

Based on the results discussed in this section, it can be concluded that redox conditions
shifted i n a ccordance w ith t he e lectron dono r distribution, a nd a s of O ctober 2009,
moderate to strongly reducing c onditions had been established within the passive cell.
Methanogenic c onditions appeared to be established in the upper portion (wells PIW-1
and P MW-2) and in the c entral a nd lower p ortions (w ells P IW-2, P IW-3, P MW- 6
through PMW-9) of the passive cell. [ron reducing c onditions w ith little to no sulfate
reduction appeared to be established within zones 1 to 3 of all three CMT wells except at
well PMW-3 (Z2) where sulfate reducing conditions were achieved. It should be noted
that unlike the active cell, no effects of donor injections were observed at the upgradient
well, PMW-1, of the passive cell. Typical electron acceptor concentrations are presented
in Figure 5-11 for PMW-8.

5.8.2.3 VOC Concentrations

VOC results for the passive cell are presented in Table I-1 and figures showing the key VOC
concentration trends are presented in A ppendix I. Baseline gr oundwater ¢ ontamination (April
2008) was characterized by high chloroethene concentrations primarily consisting of TCE at the
passive cell wells. In the upper portion of the passive cell, TCE concentrations on the order of
1,100 pg/L to 2,600 ng/L were observed at wells PMW-1 and PMW-2, whereas injection well
PIW-1 showed very low total CVOC concentration of 64 pg/L. Zone 1 of all three CMT wells
(PMW-3 to PMW-5) was characterized by very high chloroethene concentrations on the order of
50,000 to 60,000 pg/L. Zones 2 and 3 of the three CMT wells consisted of concentrations of
nearly 5,00 0t 0 17,00 0 p g/L. I nt he ¢ entral a nd 1 ower por tion of t he pa ssive c ell, TCE
concentrations were appr oximately 10,000t 0 20,000 u g/L ( wells P IW-2, P IW-3, P MW-6,
PMW-7, and PMW-8), with the exception of well PMW-9 where a TCE concentration of 840
ng/L was observed. DCE concentrations were very low (below detection limit to 120 pg/L) and
VC and ethene were not detected in any passive cell well.

During the pre-conditioning phase (April to November 2008), TCE concentrations decreased by
>97 percent at the injection wells PIW-2 and PIW-3 without a corresponding increase in the
degradation products. At injection well PIW-1, chloroethene concentrations continued to remain
low. During the first s ampling e vent following e lectron do nor injections ( September 2008) a
slight increasei n T CE a nd t otal chloroethene ¢ oncentrations was notedat a few of t he
monitoring wells (PMW-2, PMW-3 (Z1), PMW-6, and PMW-9), including the upgradient well
PMW-1, with the increase in total CVOCs ranging from 1.1 X to 2.4 X baseline. Following the
initial increase, TCE concentrations decreased at all the wells within the passive cell except at
well PMW-3 (Z1), and by November 2008 T CE decreases ranging between 11 percent and 53
percent were observed. However, no notable increase in any of the degradation products (DCE,
VC, or ethene) was observed at these wells.
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During the pos t-bioaugmentation pha se, T CE and D CE w ere m ostly r emoved, with VC and
ethene obs erved for th e first time at in jection wells P IW-2 and -3 w ithin two w eeks a fter
inoculation, in January 2009. C omplete c onversion of TCE t o e thene w as a Iso obs erved at
injection well PIW-1. A's of O ctober 2009, total C VOCS c ontinue to remain low at all three
injection wells. The concentrations at the upgradient well PMW-1 remained unchanged during
the post-bioaugmentation phase.

Little to no dechlorination was observed in the upper portion of the passive cell during the post-
bioaugmentation phase. At well PMW-2 the TCE concentration decreased through March 2009
followed by r ebound i n T CE ¢ oncentration ob served be tween A pril and J une 2009, but the
concentration decreased aga in in October 2009 . The de crease in TCE conc entration at w ell
PMW-2 was not accompanied by a corresponding increase in the de gradation products. A's of
October 20 09, C VOC concentrations r emain unchangedatC MT w ell P MW-3 (Z1)and a
decrease in TCE and increase in DCE with little VC production was observed at wells PMW-4
(Z1) and PMW-5 (Z1). As of October 2009, T CE removal greater than 44 percent and DCE
concentrations greater than 10,000 pug/L were observed at wells PMW-4 (Z1) and PMW-5 (Z1),
and a VC concentration of 490 pg/L was observed at well PMW-5 (Z1). At well PMW-5 (Z2)
some DCE production was observed in October 2009 (220 pg/L). At all other zones of the CMT
wells t het otal C VOC ¢ oncentrations va ried but pr imarily ¢ onsisted of T CE a nd no
biodegradation was observed.

Complete r eductive de chlorination of T CE t o e thene was obs erved in t he c entral and lower
portion of the passive cell as shown by t he VOC results at wells PMW-6 through PMW-9. In
October 2009 biodegradation accounted for reduction of total CVOC concentrations by gr eater
than 92 percent at w ells P MW-7 t hrough P MW-9 a nd ne arly 72 percent atw ell P MW-6
comparedt o C VOC concentrations obs erved in November 2008 , immediately be fore
bioaugmentation. Ethene production was observed as high as 410 pg/L at wells PMW-6 through
PMW-9.

In summary, the VOC data indicate that complete reductive dechlorination was achieved in the
central a nd low er por tions (a round injection wells P IW-2 a nd P IW-3) of t he passive c ell.
However, complete reductive dechlorination was not observed in the upper portion of the passive
cell (a round inj ection well P IW-1) a Ithough effective e lectron dono r di stribution a nd r edox
conditions appropriate f or de chlorination w ere a chieved. CVOC molar ¢ oncentrations a re
presented in Figure 5-12 for PMW-9.

CSIA data for the passive cell ge nerally were cons istent w ith the C VOC da ta, in that th ey
suggested degradation to VC and ethene was occurring near PIW-2 and PIW-3, but not in the
vicinity of PIW-1. An example CSIA chart is included as Figure 5-13 for PMW-6. T his chart
shows t hat TCE, ¢ -DCE, and V C be come he avier dur ing t he ¢ ourse of t he de monstration,
indicating degradation is occurring. E thene was much “lighter” during the last sampling event
compared to the previous two. The rest of the active cell CSIA data are included in Appendix H.
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5.8.2.3 Biological Indicators
Changes in numbers of dechlorinating bacteria and values of pH and alkalinity are di scussed
below.

Dechlorinating Bacteria

DNA results for the passive cell are provided in Table I-1 and figures showing the key DNA
number trends are presented in Appendix 1. During the baseline sampling event, DHC bacteria
numbers were below detection limit at all the wells except well PMW-3 (Z1) which showed low
numbers of DHC bacteria along with functional gene tceA (>10° gene copies/L).

During the pre-conditioning phase low numbers of DHC (16S r RNA and/or functional ge nes
tceA and bvcA) were observed at a few wells (PMW-1, PMW-6, and PMW-7) ranging between
>10" gene copies/L and >10° gene copies/L in September 2008. The functional gene VCrA was
not detected in any well. The presence of dechlorinating bacteria in such low numbers at only a
few wells, along with the absence of degradation products within the passive cell confirmed the
need for bioaugmentation for reductive dechlorination to progress within the passive cell.

During the pos t-bioaugmentation p hase, DHC bacteria a nd functional gene (tceA and VvcrA)
numbers increased immediately (within 2 weeks of inoculation) at all three injection wells on the
order of >10° gene copies/L. As of October 2009, the numbers were observed to decrease by one
to t wo or ders of magnitude at th e inj ection wells, suggesting that int he a bsence of hi gh
chloroethene concentrations, the DHC bacteria number might be decreasing. The functional gene
bvcA was only detected in low numbers at well PIW-1 (May 2008).

In the upper portion of the passive cell, low detections of DHC bacteria and functional genes
ranging between > 10" gene copies/L and >10’ gene copies/L were observed at the upgradient
well PMW-1 and monitoring well PMW-2. In zone 1 of the CMT wells DHC bacteria and tceA
gene numbers increased and were detected on the order of >10° gene copies/L and vcrA gene
numbers w ere de tected in the or der of >10° gene copies/L and were sustained as of O ctober
2009. Zones 2 a nd 3 ofthe CMT wells e xcept well PMW-5 (Z3) also s howed increases in
numbers of DHC bacteria a nd functional genes tceA and vcrA, but the num bers w ere | ower
compared to Zone 1 of the CMT wells. In the central and lower portion of the passive cell (wells
PMW-6 through PMW-9) DHC bacteria and functional gene (tceA and vcrA) numbers increased
on the order of >10° gene copies/L and were sustained as of October 2009.

Overall, the D NA re sults c ombined with t he V OC da ta s uggest t hat bi oaugmentation w as
successful; i.e., dechlorinating bacteria w ere s uccessfully distributed and maintained, and
complete reductive dechlorination was achieved in the central and lower portion of the passive
cell. This is shown in Figure 5-14 for PMW-8. However, the DNA data combined with the COD
data suggests t hat e lectron donor w as di stributed at higher c oncentrations in the upper z ones
(zones 2 and 3) of the CMT wells, whereas the bioaugmented culture was distributed (or at least
survived) to a great er degree in zone 1 of the CMT wells. This discrepancy in distribution of
electron do nor a nd bi oaugmented culture might be the r eason t hat I imited t o no pr ogress in
reductive dechlorination was observed in the upper portion of the passive cell. The cause of this
difference is unclear.
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pH

Results of pH measurements are included in Table I-1. Significant pH impacts were not observed
in any of the passive cell wells, and remained in the appropriate range (5.0<pH<9.0) during the
pilot test, indicating that the aquifer has sufficient buffering capacity.

Alkalinity

Results for alkalinity are presented in Table I-1. During the baseline sampling event, alkalinity
values ranging between 530 mg/L to 1,100 mg/L were observed at all the passive cell wells with
the exception of well PMW-1 (1,400 mg/L), PIW-1 (1,900 mg/L), and zone 1 of the CMT wells
(220 mg/L to 360 mg/L). Alkalinity values were observed to increase at all the wells within the
passive cell except the upgradient well PMW-1 and injection well PIW-1. As of October 2009,
the increased alkalinity values ranged from 1,400 to 5,200 mg/L at most of the wells with the
exception of zone 1 of the CMT wells. Inzone 1 of the CMT wells the increased a lkalinity
values ranged from 630 mg/L to 650 mg/L in October 2009 except well PMW-3 (Z1), where the
alkalinity value peaked in F ebruary 2009 (680 mg/L), but was reduced to baseline by O ctober
2009. The el evated alkalinity values obs erved at m ost of t he w ells within the passive cell
compared t o t he ne ar background va lues obs erved a t t he upgr adient w ell P MW-1 and t he
injection well PIW-1lindicate significant electron donor utilization within the passive cell.
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6.0 PERFORMANCE ASSESSMENT

In the previous section, the test design and results were presented, including the data collected
forbe nchs calet esting,b ioaugmentationc ulture selection, pre-conditioning,a nd
bioaugmentation. In this section, the implications of those data are discussed in the context of the
project performance objectives.

6.1 PHASE 1 PERFORMANCE O BJECTIVES — BENCH S CALE T ESTING AND
BIOAUGMENTATION CULTURE SELECTION

The purpose of the Phase 1 of the ER-0513 project was to conduct laboratory studies to confirm
that dechlorination could be stimulated in the high sulfate environment present at NAVWPNSTA
Site 70, and to select a bioaugmentation culture for the demonstration. T hese objectives were
described in Section 3. The sections below assess performance of the demonstration activities in
achieving these objectives.

6.1.1 Demonstration of Dechlorination using Site Groundwater

Section 5.4 and Appendix D present the results of the microcosm studies conducted as a part of
Phase 1 de monstration a ctivities. T wo s ets of microcosms were r un, one w ith gr oundwater
collected from existing well EW-70-01, and one with groundwater collected from M W-70-27.
The success criterion for this performance objective was production of ethene at concentrations
at least 2X detection, and reduction of TCE by at least 95% in the microcosms.

The results of the 1ab s tudy s howed that T CE w as c ompletely r emoved under all ¢ onditions
investigated, which exceeded the goal of achieving at least 95% reduction of TCE. Microcosms
from EW-70-01 showed that all CVOCs were converted to ethene with c omplete reduction of
1,650 mg/L sulfate. Microcosms from MW-70-27 showed that dechlorination of TCE to VC and
ethene w as achieved in less than four months using one of the two cultures, while TCE was
converted to cis-DCE and VC using the other culture tested. These results show that three of the
four conditions tested met the criteria of production of ethene of at least twice the detection limit.
Based on these results, this performance objective was met.

6.1.2 Select Bioaugmentation Culture with Reliable Biomarker

Section 5.4 and Appendix E present the results of the DNA studies that were conducted as a part
of Phase 1 demonstration a ctivities. D uring t he D NA s tudy, s everal m ethods w ere us ed to
evaluate DHC, including quantitative PCR analysis and clone library analysis to evaluate various
genes including the 16S rRNA gene, and functional reductase genes VCrA, bvcA and tceA. These
analyses were performed for the 16S rRNA gene of NAVWPNSTA Site 70 indigenous DHC and
three bioaugmentation cultures. T he DNA study also included vcrA gene sequence analysis of
the SDC-9™ and KB-1™ bioaugmentation cultures. The success criterion for this objective was
identification of a biomarker that is present in bioaugmentation culture(s) but not in native strains
of DHC.

The results from the DNA study showed that the functional gene VCrA was not present at the site,

but w as pr esent i n bot h t he SDC-9™ and K B-1™ commercially available bioaugmentation
culture. In addition, DNA sequence information was obtained for the VCrA gene in both cultures
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for the purpose of designing a new biomarker in the event that VvCrA was detected at the end of
the pre-conditioning phase. Based on the fact that the SDC-9™ culture had been demonstrated
to perform better in the presence of co-contaminants detected at Site 70 compared to KB-1™
(i.e. ¢ hloroform), t he S DC-9™ culture w as s elected f or t he de monstration. T herefore, t his
performance objective was met.

6.2 PHASE 2  PERFORMANCE O BJECTIVES - BASELINE CO NDITIONS A ND
PRE-CONDITIONING

The pur pose of P hase 2 of t he ER-0513 pr oject w as t o de termine gr oundwater hydr aulic
conditions and ba seline ¢ ontaminant di stribution, DHC distribution, and ge ochemical
concentrations prior to beginning the biostimulation and bioaugmentation in each treatment cell.
Performance objectives were established related to demonstrating that the treatment cell layout
was such t hat m eaningful r esults c ould be obtained during the timeframe o f't he project, and
related t o establishing a ppropriate ¢ onditions pr ior to c onducting bioaugmentation. These
objectives are discussed further below.

6.2.1 Treatment Cell Construction and Residence Time

Due to the slow ambient groundwater velocity in the Site 70 source area, ESTCP was concerned
that e ffects of e lectron donor i njections a nd bi oaugmentation w ould not be obs erved a t
monitoring wells w ithin the tim eframe of the d emonstration, at le ast for the passive cell. In
addition, historical data that were available for the site did not provide conclusive information
regarding groundwater flow magnitude and direction in the Upper Fines unit on the scale of the
source area. I norder to verify that meaningful results c ould be obtained using the proposed
treatment cell layout, a tracer test was conducted to verify the groundwater hydraulic conditions
in the treatment cel Is. Data coll ected in support of t his o bjective included multiple sam ples
collected from active cell and passive cell monitoring wells and analyzed for iodide tracer.

The success criterion for this objective was to construct the treatment cells such that travel time
from injection wells to monitoring wells was 6 months or less. In the active cell, arrival of tracer
occurred within 6 weeks of injection for AMW-1 through AMW-5, including at the two deepest
zones of all of the CMT wells. Tracer was not observed at well AMW-6 (75 ft from injection
wells) during the time it was sampled (this well also turned out to be too far from the injection
wells for any effects of bioaugmentation or electron donor injection to be observed).

For the passive cell, a tracer test was conducted in order to confirm the results of the active cell
tracer test. Because this test was merely to confirm approximate travel times predicted from the
active c ell tracer test, the frequent s ampling that w ould be re quired to quantify hydraulic
parameters was not performed. Rather, samples for tracer were collected 3 weeks and 5 weeks
following i njection, a nd t hen dur ing pl anned p re-conditioning s ampling e vents, w hich w ere
conducted monthly from S eptember t hrough November. 1,000 ga llons of iodi de tra cer w ere
injected into PIW-1 on 8/7/08 at a concentration of approximately 13,000 mg/L as iodide. Tracer
arrival was observed within 4 weeks at the deepest interval in PMW-4 (center CMT well located
17 ft downgradient), at the deepest zones of PMW-3 and -5, and at cross-gradient well PMW-2
within 7 weeks. By the end of the passive cell tracer monitoring period of 3.5 months, tracer was
measured at PMW-2 through PMW-5, including at the two deepest zones of all CMT wells.
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Overall, the results of the tracer test showed arrival in some wells in less than one month in both
treatment cells, and subsequent sampling for tracer indicated that travel times to all monitoring
wells that were installed near the tracer injection wells were less than 4 months. These tracer
results show that meaningful data would be obtained within the 12 month planned duration of the
demonstration. The groundwater velocities that were predicted for the passive cell based on the
active cel | t racer t est w ere achi eved during the de monstration. Therefore, t his pe rformance
objective was met. In fact, as discussed below in Section 6.3, results were obtained faster than
originally planned, such that the demonstration objectives were all met within a 9 month period.

6.2.2 Pre-Conditioning Results

Sampling was conducted to assess baseline c onditions including c ontaminant and d egradation
product concentrations, redox parameters, and biological activity indicators (refer to Section 5.2
for c omplete baseline sampling results). In summary, the baseline results confirmed the pre-
demonstration conditions in the source area; namely, that conditions were anaerobic but mildly
reducing, with very high sulfate c oncentrations and very limited de chlorination to cis-DCE in
some a reas. B ecause these ¢ onditions w ere not i deal f or bi oaugmentation, e lectron dono r
additions were performed to “pre-condition” the aquifer to reduce sulfate concentrations and to
drive redox conditions more strongly reducing.

The suc cess cr iterion for t his obj ective w as t o create at least sulf ate-reducing conditions a t
monitoring wells nearest to injection locations, such that the bioaugmentation culture would have
a favorable environment following inoculation. Results were presented in Section 5.7 and in a
memo to ESTCP dated 12-28-2008 (see A ppendix B). A fter three lactate injections into the
active cel 1, r esultsi ndicated that appr opriate condi tions w ere a chieved for suc cessful
bioaugmentation, particularly in wells near the reinjection locations. F errous iron increased to
above 0.5m g/Linallw ellse xcept A MW-6 a nd upgr adient w ell A MW-1. A lIso, s ulfate
concentrations decreased more than 10% except in AMW-6 and the extraction wells. While COD
concentrations did not increase above 60 mg/L in any active cell well, the significantly increased
cis-DCE concentration at AMW-2 and other wells ind icated that pa rtial de chlorination was
already occurring near the injection wells.

After thr ee pa ssive ¢ ell in jections, results indicated that ¢ onditions w ere be coming more
reducing, with the most positive results observed near the injection wells. At these wells, ferrous
iron increased to above 0.5 m g/L and sulfate decreased more than 10% except in PMW-2 and
PMW-6. COD increased significantly at wells near the injection points also, and significant COD
still remained at two of the three injection wells.

Another key result from the post-preconditioning sampling event was that the vcrA functional
gene was not detected at any location in either the active or passive cell, despite the fact that low
concentrations of DHC did appear following the biostimulation phase. These results confirmed
that the vcrA gene could be used to track the bioaugmentation culture.

Overall, t he pos t-preconditioning r esults indicated t hat s ufficient e lectron donor was be ing
supplied f or bi oaugmentation, and that r edox conditions nearest the injection I ocations w ere
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sulfate reducing to methanogenic in both treatment cells following the pre-conditioning phase.
Therefore, this performance objective was met.

6.3 PHASE 3 PERFORMANCE OBJECTIVES — BIOAUGMENTATION RESULTS

The purpose of Phase 3 of the ER-0513 project was to demonstrate full-scale bioaugmentation
and dechlorination using both the active and passive approaches. Phase 3 of the ER-0513 project
began with inoculation of both treatment cells. Performance objectives were established related
to collection of data that would allow for quantification of bacterial distribution and growth, and
assessment of the extent of dechlorination. These objectives are discussed further below.

6.3.1 Bacterial Growth and Distribution

The first Phase 3 obj ective was to assess and quantify bacterial growth and distribution in both
treatment cells. Bacterial distribution was assessed by analyzing the first arrival of DHC bacteria
(as measured by qPCR analysis) at a gi ving m onitoring I ocation following inoculation. T his
travel time was then compared to the travel time for ambient groundwater, as determined from
the tracer test. B acterial grow th was t hen assessed by analyzing the i ncrease of DHC and
functional gene counts at a given location once first arrival had been established. The success
criterion for this objective was to collect data that allow for quantitative assessment of tracer and
bacterial transport time, and growth of bacteria over time. No specific criteria were set in terms
of bacterial transport times or cell counts. Therefore, this performance objective was met. The
subsections be low qua ntify t he arrival of tracer a nd bi oaugmentation culture ba sed on VCrA
analysis.

In general, the distribution of DHC bacteria was effective in both the active and passive cells. As
shown in Figure 6-1, DHC concentrations exceeded 10° cells/L in both cells based on analysis of
the 16S rRNA gene. In the active cell, the high DHC concentrations extended greater than about
30 ft downgradient from the injections wells. In the passive cell, the high concentrations were
distributed t hroughout t he dow ngradient tw o-thirds of the c ell. Perhaps more im portantly,
concentrations of the VCrA gene, while somewhat lower than 16S r RNA ge ne m easurements,
indicated that the high DHC concentrations were representative of the bioaugmentation culture
(Figure 6-2). The next two subsections discuss the speed at which the bacteria were distributed
relative to groundwater velocity in the two cells.

6.3.1.1 Active Cell Distribution

Table 6-1 shows details for tracer arrival and first detection of DHC for the active treatment cell.
Data are presented only for wells that were sampled monthly for DHC bacteria. W hile tracer
samples were collected more frequently for the active cell CMT wells, DHC data were collected
monthly from the deepest CMT port (Zone 1), and approximately quarterly from all other CMT
ports. Because of this, the analysis of tracer and DHC arrival was only performed for Zone 1 of
the CMT wells. A lso, tracer d ata w ere not collected frequently enough at upgr adient w ell
AMW-1 to perform the analysis. For the active cell, tracer injection was performed on 4/10/08,
and bioaugmentation was performed on 1/12/09.
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Table 6-1. Active Cell Tracer Test Data

Travel
Time Velocity
Velocity based based
Travel based on on on Retardation of | Retardation
Distances Tracer Time based | tracer Tracer tracer tracer Date of First Bacteria - of Bacteria -
from Nearest | First on tracer first Peak peak peak First Arrival of | "Velocity" Based on Based on
Injection Arrival first arrival | arrival Arrival arrival arrival Arrival of Bacteria of Bacteria tracer peak tracer first
Well Well (ft) Date (days) (ft/day) Date (days) (ft/day) | Bacteria (days) (ft/d) arrival arrival
AMW-2 18.0 4/16/2008 6 3.00 4/24/2008 14 1.29 1/29/2009 17 1.06 1.21 2.83
AMW-3 Z1 36.0 5/19/2008 39 0.92 6/2/2008 53 0.68 2/24/2009 43 0.84 0.81 1.10
AMW-4 Z1 36.0 4/25/2008 15 2.40 5/9/2008 29 1.24 1/29/2009 17 2.12 0.59 1.13
AMW-5 71 36.0 5/19/2008 39 0.92 6/2/2008 53 0.68 2/24/2009 43 0.84 0.81 1.10
Average 1.81 Average 0.97 Average 0.86 1.54
Distances from AMW-1/2 Std Dev 0.26 0.86

Tracer Injection performed on 4/10/08

Bioaugmentation performed on 1/12/09
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The distances from inj ection wells presented in T able 6-1 are south from AIW-1 and AIW-2
(refer to Figure 5-1 for well 1ocations). No corrections in distance are made for the fact that
AMW-3 and AMW-4 are slightly off the axis of the treatment cell. The first tracer arrival was
the first m easured 1 odide c oncentration above 4 mg/L, w hich w as the hi ghest 1 odide r eading
during baseline sampling (before tracer was injected). The peak tracer arrival was the date of the
maximum concentration of tracer at those locations where it was detected.

For DHC data, the date of first arrival re presents the first detection of DHC as indicated by a
VCrA concentration that was greater than the reporting limit. VCrA was used rather than the 16s
rRNA because VCrA was determined to be the best biomarker for the bioaugmentation culture;
based on t he r esults of t he pr e-conditioning phase, i t w as pos sible t hat DHC increases as
measured by the 16s rRNA results could occur from biostimulation alone.

The retardation of bacteria was initially calculated based on the velocity derived from the peak
tracer arrival, and the first arrival of DHC bacteria. The peak tracer arrival was used because it
represents t he a verage linear gr oundwater ve locity (i.e., Darcy ve locity di vided b y e ffective
porosity). However, from Table 6-1, DHC arrival was faster than peak tracer arrival for 3 of the
4 wells for which the analysis was performed. The average retardation using this method was
0.86, with a standard deviation of 0.26.

The travel time of first arrival of DHC was also compared to the first arrival of tracer. From
Table 6-1, the average retardation of DHC using this method was 1.54, with a standard deviation
of 0.86. The arrival of DHC was nearly 3 times longer than first tracer arrival for well AMW-2,
but was only a few days longer for all 3 CMT wells.

The apparently very low retardation of DHC as shown by the CMT well results could be a result
of several factors other than truly having such low retardation. T he first possible factor was
sampling methods. The CMT is able to target discrete zones and could detect arrival of DHC
faster than a conventional well (AMW-2), which would be subject to dilution. H owever, such
dilution w ould a Iso ha ve a ffected t he t racer s ampling, a nd t herefore would not caus e “false
negatives” for DHC but not for tracer. Another possible reason for the minimal DHC retardation
atthe C MT w ells r elative t o AMW-21sthat actual g rowth of DHC bacteria w as am ore
significant factor in distribution to the CMT wells compared to AMW-2. This could explain the
minimal retardation seen at AMW-3 and AMW-5, because DHC arrival was detected at 43 days,
which is sufficient time for DHC to grow in situ. However, DHC was detected at both AMW-2
and AMW-4 at the first sampling event (17 days following bioaugmentation), during which time
significant gr owth of DHC is unlikely. T he final factor t hat c ould have c ontributed t o t he
minimal DHC retardation is the s ampling frequency for tra cer di dn’t a llow for a precise
assessment of first arrival, and that tracer actually arrived sooner than it was detected. However,
all three CMT wells were sampled 3 days before first arrival of tracer occurred, and in all cases
the iodide concentration was less than the baseline concentrations. Because of this, the earliest
that tracer could have arrived at these wells was two days earlier, which would have only had a
minimal impact on the DHC retardation factor.

Overall, the re sults f rom the a ctive ¢ ell ind icate that m inimal re tardation of DHC bacteria
occurred compared to transport of conservative tracer. In terms of actual velocity, based on the
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distance from injection to monitoring wells, the average DHC “velocity” was 1.21 ft/day.

During the active cell tracer test, the groundwater velocity was estimated to be 1-2 ft/day. Based
on the actual tracer arrival, groundwater velocity using first arrival of tracer was 1.81 ft/d, while
peak arrival yields a velocity of 0.97 ft/d. This implies that the DHC “velocity” was
approximately the same as the actual groundwater velocity. Work published previous to this
demonstration, suggested that retardation factors of DHC under forced advection could be as
high as 60-200 (Major et al, 2002). However, groundwater velocity for that study was much
higher under the forced gradient (greater than 25 ft /d) than the current demonstration, which
suggests that the increased retardation occurs only at high groundwater velocities (at least greater
than 2 ft/d).

6.3.1.2 Passive Cell Distribution

Table 6-2 shows details for tracer arrival and first detection of DHC for the passive treatment
cell. Data are presented only for wells that were sampled monthly for DHC bacteria. While
tracer samples were collected more frequently for the passive cell CMT wells, DHC data were
collected monthly from the deepest CMT port (Zone 1), and approximately quarterly from all
other CMT ports. Because of this, the analysis of tracer and DHC arrival was only performed for
Zone 1 of the CMT wells. F or the passive cell, tracer injection was performed on 8/7/08, and
bioaugmentation was performed on 1/13/09.

The distances from injection wells presented in Table 6-2 are relative to the nearest injection
well. For PMW-1 through PMW-5, the ne arest injection well was PIW-1. T he direction of
groundwater flow in t he pa ssive c ell during o peration of the active cell is to the s outhwest;
therefore well PMW-4 is located along the axis of the treatment cell, while PMW-3 and PMW-5
are slightly off axis. P MW-2 isa crossgradient well, and PMW-1 is an upgradient well. F or
wells PMW-6 and PMW-7, the distances in T able 6-2 are from PIW-2, and for PMW-8 and
PMW-9, the distances are from PIW-3.

As for the active cell, the first tracer arrival was the first measured iodide concentration above 4
mg/L. The peak tracer arrival was the date of the maximum conc entration of tracer at t hose
locations w here it w as de tected. The t racer injection was de signed to achieve ar adius of
influence of 5 f eet from t he i njection w ell. Because of this, the v elocity and tra vel tim e
calculations in Table 6-2 assume that tracer particles had traveled 5 ft of the distance between
PIW-1 and the monitoring wells at “time zero,” when ambient groundwater flow was assumed to
be the dominant transport mechanism.

The retardation of bacteria was calculated first based on the velocity derived from the peak tracer
arrival, and the first a rrival of DHC bacteria. The pe ak tracer ar rival w as us ed because it
represents t he a verage linear gr oundwater ve locity (i.e., Darcy ve locity di vided b y e ffective
porosity). Becauset racer injection was not pe rformedin wells P IW-2 a nd P IW-3, no
quantitative analysis of tracer first and peak arrival could be performed. Also, of the monitoring
wells installed near these injection wells, only PMW-9 is directly downgradient of an injection
well. Therefore, while travel times, distances, and time of first arrival are presented in Table 6-2
for all passive cell monitoring wells, only wells PMW-3, PMW-4, and PMW-5 are included in
the retardation calculations.
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Table 6-2. Passive Cell Tracer Test Data

Travel Travel Velocity
Time Velocity Time based Date of | First
Distances based on based on based on | on First Arrival Retardation | Retardation
from Tracer tracer tracer Tracer tracer tracer Arrival | of of Bacteria - | of Bacteria
Nearest First first first Peak peak peak of Bacteri | "Velocity" | Based on - Based on
Injection Arrival | arrival arrival Arrival | arrival arrival Bacteri | a of Bacteria | tracer peak | tracer first
Well Well (ft) Date (days) (ft/day) Date (days) (ft/day) a (days) (ft/d) arrival arrival

Distances from PIW-1

9/23/200 3/30/20
PMW-2 15.6 9/5/2008 29 0.36 8 47 0.22 09 76 0.20

PMW-3 8/21/200 11/3/200 1/27/20
Z1 11.6 8 14 0.47 8 88 0.07 09 14 0.83 0.09 0.57
PMW-4 10/17/20 1/27/20
Z1 19.0 9/2/2008 26 0.54 08 71 0.20 09 14 1.36 0.15 0.40
PMW-5 9/23/200 10/17/20 1/27/20
Z1 24.9 8 47 0.42 08 71 0.28 09 14 1.78 0.16 0.24
Average 0.13 0.40
StDev 0.04 0.16

Distances from PIW-2

2/23/20

PMW-6 8.1 NA 7 0.44 NA 14 0.22 09 41 0.20
1/27/20

PMW-7 29.3 NA 55 0.44 NA 110 0.22 09 14 2.09

Distances from PIW-3

2/23/20

PMW-8 8.7 NA 8 0.44 NA 17 0.22 09 41 0.21
2/23/20

PMW-9 12.5 NA 17 0.44 NA 34 0.22 09 41 0.31

0.87
Tracer injection performed on
8/7/08
The injection was designed with a 5 ft ROI, so it is assumed that the tracer
traveled 5 ft at time 0.
- = not included in the average or standard deviation calculations
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From Table 6-2, the retardation of DHC compared to peak tracer arrival was significantly less
than 1, as the average was 0.13 with a standard deviation of 0.04. Even when compared to tracer
first arrival, the retardation of DHC was 0.40 with a standard deviation of 0.16. This implies that
the first arrival of bacteria was faster than the first arrival of tracer at all three CMT wells.

For the active cell, the same factors that could have contributed to similar observations identified
for t he act ive cel 1 a bove (sampling m ethods, DHC growth, a nd s ampling f requency) w ere
considered for t he pa ssive c ell. F or t he pa ssive ce 11, all t hree w ells are C MT w ells, so no
difference existed in sampling methods. Also, DHC was detected 2 weeks following inoculation,
during w hich time s ignificant gr owth of DHC is unlikely. I n terms of s ampling frequency,
sampling was performed 2 weeks following both tracer injection and bioaugmentation, and first
arrival both of tracer and DHC had already occurred at PMW-3. It is possible that tracer arrived
several days sooner at this well, and that the actual retardation factor for DHC was greater than
1. H owever, P MW-3 and P MW-5w ere sampled 2 w eeks f ollowing t racer i njection a nd
bioaugmentation, and DHC was detected at significant concentrations (10° to 10° cells/L), while
tracer was not detected above background levels.

While the other monitoring wells were not included in the retardation analysis, it is interesting to
note that arrival of DHC bacteria occurred at all wells within 41 days of inoculation except for
PMW-2, which had DHC at 76 days. T his represents an average “velocity” of 0.87 ft/d, which
includes DHC transport between injection and monitoring wells off the axis of the treatment cell,
and e ven crossgradient in some cases. F or purposes of comparison, the average groundwater
velocity that was calculated for the passive cell based on applying hydraulic parameters from the
active cell tracer test to the passive cell was 0.25 ft/d. Based on the passive cell tracer test, the
average first arrival of tracer c orrelates to a velocity of 0.44 ft/d, while peak arrival yields a
velocity of 0.22 ft/d. This implies that the “velocity” of DHC is 2 to 4 times faster than that of
conservative tracer. Perhaps the most important result is that bacterial transport in the passive
cell was extremely rapid, with DHC colonization oc curring a t di stances of upt 0 30 f t from
injection points within two to five weeks from inoculation.

6.3.1.3 Bacterial Transport Summary

The tracerand DHC data indicate tha t ba cterial transport w as no t s ignificantly retarded
compared to groundwater flow in ei ther t he active or p assive cells. I n fact, many of'the
calculated retardation factors were less than one, especially in the passive cell. The average
retardation under passive conditions was 0.13 to 0.40 depending on whether peak or first arrival
tracer data are used, and for the active cell the averages were 0.86 to 1.54. These results suggest
that DHC were transported more rapidly relative to groundwater flow under passive conditions
compared to active recirculation. The groundwater velocity in the active cell was 1 to 1.8 ft/day,
and for the passive cell it was 0.22 to 0.44 ft/d. This is a contrast of approximately a factor of 5,
which represents a typical enhancement in flow that might be expected due to recirculation.

Another interesting observation was the fact that bacterial transport rate and extent was relatively
independent of groundwater flow direction, especially in the passive cell. T he off-axis CMT
wells in the active cell had DHC velocities that were approximately half of what was observed at
wells on the axis of the treatment cell. In the passive cell, one portin PMW-3 hada DHC
velocity that was almost the same as the average DHC velocity for the passive cell, and PMW-5
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had a ve locity that w as ne arly twice t he a verage. I n a ddition, crossgradient w ells suc h as
PMW-2, PMW-7 and PMW-8 all showed DHC velocities similar to that of groundwater (0.2 to
0.3 ft /d). Therefore, DHC transport was not only less retarded in the direction of groundwater
flow at slower groundwater velocities, it also occurred more rapidly in cross-gradient directions
relative to the groundwater velocity.

Overall, the DHC results f rom bot h t reatment cel Is are consistent w ith t he c omparison of
NAVWPNSTA Site 40 and Kelly Air Force Base in Section 2, and support the hypothesis that
DHC bacterial transport is affected by groundwater velocity. Specifically, data from the passive
cell suggest that bacterial transport was potentially faster than ambient groundwater ve locity,
while da ta fromt he a ctive ce 1l s howed DHC t ransport w as approximately t he s ame as
groundwater velocity. Work published previous to this demonstration suggested that retardation
factors of DHC under forced advection could be as high as 60-200 (Major et al, 2002). However,
groundwater velocity for that study was much higher under the forced gradient (greater than 25
ft/d) than the current demonstration, which suggests that the increased retardation occurs only at
high groundwater velocities (at least greater than 2 ft/d). Therefore, consideration of previously
published work along with results from the current de monstration s uggests that retardation of
bacteria decreases as groundwater velocity decreases.

6.3.1.4 Bacterial Growth

Two methods were used to assess the extent of bacterial growth. The first one was to quantify
the number of DHC cells that were present at the end of the demonstration, and compare that to
the num ber of cells a dded dur ing bi oaugmentation. F igure 6 -1 shows the DHC counts nine
months after bioaugmentation, as represented by the 16S rRNA results. In order to determine the
total number of DHC cells in each treatment cell, the area encompassed by each DHC contour
was calculated, and was converted to a volume by multiplying by the treatment thickness of 15 ft
and the porosity of 0.2. Then, the groundwater volume contained within a given DHC contour
was multiplied by the average DHC concentration for that contour to determine the total number
of DHC cells present i n each specific area. Finally, the cell counts were then summed across
each treatment cell. Table 6-3 shows the results of this calculation for the active cell, where 7.0
x 10'* total DHC cells were present at the end of the demonstration. Table 6-4 shows the results
of this calculation for the passive cell, where 3.1 x 10'* total DHC cells were present at the end
of the demonstration.

During bi oaugmentation, 100 L of bioaugmentation culture was added to each treatment cell.
This culture contained 5 x 10 ' DHC cells/L, which means that 5 x 10 '* total DHC cells were
added to each treatment cell. Since both the active and passive treatment cells had DHC cells on
the or der of 10 ' total DHC cells, this implies that s ignificant g rowth of a pproximately two
orders of magnitude of DHC was stimulated during the demonstration.

The second m ethod to assess the e xtent of ba cterial growth was to determine w hether DHC
levels increased after first arrival ata given monitoring well. These trends are illustrated by
Figures 5-8 and 5-14 for the active and passive cells respectively. Figure 5-8 shows that DHC
concentrations increased by 5 to 6 orders of magnitude after it was first detected. While some of
the increase is likely a “breakthrough curve” as the injected culture reaches the well, this increase
is also believed to imply significant growth at this monitoring location because concentrations at
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Table 6-3. Active Cell DHC Population Data

Adjusted Area Depth Volume Adjusted Volume (20%

Id Cell/Liter (Cell/Liter) (m2) (m) (m3) Volume (Liter) Porosity) (Liter) Total Cell Count
0 20,000,000.00 10,000,000.00 50.2 4.6 229.3 229,303.16 45,860.63 4.59E+11
1 20,000,000.00 30,000,000.00 186.0 4.6 850.5 850,491.27 170,098.25 5.10E+12
2 40,000,000.00 50,000,000.00 217.4 4.6 993.7 993,730.39 198,746.08 9.94E+12
3 60,000,000.00 70,000,000.00 267.3 4.6 1222.1 1,222,101.15 244,420.23 1.71E+13
4 140,000,000.00 150,000,000.00 14.7 4.6 67.0 67,025.44 13,405.09 2.01E+12
5 180,000,000.00 190,000,000.00 4.0 4.6 18.5 18,460.64 3,692.13 7.02E+11
6 180,000,000.00 190,000,000.00 0.4 4.6 2.0 2,011.85 402.37 7.65E+10
7 20,000,000.00 10,000,000.00 5.1 4.6 234 23,351.40 4,670.28 4.67E+10
8 20,000,000.00 30,000,000.00 32.8 4.6 150.0 149,996.76 29,999.35 9.00E+11
9 40,000,000.00 50,000,000.00 68.8 4.6 3144 314,416.35 62,883.27 3.14E+12
10 60,000,000.00 70,000,000.00 121.3 4.6 554.6 554,638.56 110,927.71 7.76E+12
11 80,000,000.00 90,000,000.00 615.6 4.6 2814.3 2,814,342.99 562,868.60 5.07E+13
12 100,000,000.00 110,000,000.00 4214 4.6 1926.6 1,926,628.61 385,325.72 4.24E+13
13 120,000,000.00 130,000,000.00 395.2 4.6 1806.8 1,806,832.44 361,366.49 4.70E+13
14 140,000,000.00 150,000,000.00 274.4 4.6 1254.5 1,254,512.46 250,902.49 3.76E+13
15 160,000,000.00 170,000,000.00 213.0 4.6 973.6 973,629.31 194,725.86 3.31E+13
16 180,000,000.00 190,000,000.00 114.9 4.6 525.5 525,545.07 105,109.01 2.00E+13
17 200,000,000.00 210,000,000.00 101.6 4.6 464.5 464,536.35 92,907.27 1.95E+13
18 220,000,000.00 230,000,000.00 96.3 4.6 440.4 440,437.75 88,087.55 2.03E+13
19 240,000,000.00 250,000,000.00 934 4.6 427.2 427,225.82 85,445.16 2.14E+13

20 260,000,000.00 270,000,000.00 91.8 4.6 419.8 419,792.37 83,958.47 2.27E+13

21 280,000,000.00 290,000,000.00 91.0 4.6 416.1 416,128.47 83,225.69 2.41E+13

22 300,000,000.00 310,000,000.00 90.9 4.6 415.5 415,474.69 83,094.94 2.58E+13

23 320,000,000.00 330,000,000.00 91.3 4.6 417.6 417,605.05 83,521.01 2.76E+13

24 340,000,000.00 350,000,000.00 92.5 4.6 422.7 422,729.42 84,545.88 2.96E+13

25 360,000,000.00 370,000,000.00 94.4 4.6 431.5 431,521.96 86,304.39 3.19E+13

26 380,000,000.00 390,000,000.00 97.4 4.6 445 .4 445,444.27 89,088.85 3.47E+13

27 400,000,000.00 410,000,000.00 102.2 4.6 467.1 467,119.17 93,423.83 3.83E+13

28 420,000,000.00 430,000,000.00 99.6 4.6 455.2 455,163.42 91,032.68 3.91E+13

29 520,000,000.00 530,000,000.00 2.1 4.6 9.8 9,776.18 1,955.24 1.04E+12

30 500,000,000.00 510,000,000.00 17.4 4.6 79.7 79,731.35 15,946.27 8.13E+12

31 480,000,000.00 490,000,000.00 36.7 4.6 167.9 167,859.28 33,571.86 1.65E+13

32 460,000,000.00 470,000,000.00 60.9 4.6 278.7 278,656.44 55,731.29 2.62E+13

33 440,000,000.00 450,000,000.00 88.4 4.6 404.2 404,215.16 80,843.03 3.64E+13

Total DHC in Active Cell Area 7.0E+14
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Table 6-4. Passive Cell DHC Population Data

Adjusted Area Depth Volume Adjusted Volume (20% Porosity)

Id Cell/Liter (Cell/Liter) (m2) (m) (m3) Volume (Liter) (Liter) Total Cell Count
0 20,000,000.00 10,000,000.00 22.4 4.6 102.6 102,614.38 20,522.88 2.05E+11
1 20,000,000.00 10,000,000.00 1.0 4.6 4.4 4,394.28 878.86 8.79E+09
2 20,000,000.00 30,000,000.00 106.1 4.6 484.9 484,919.10 96,983.82 2.91E+12
3 40,000,000.00 50,000,000.00 61.2 4.6 279.8 279,846.42 55,969.28 2.80E+12
4 60,000,000.00 70,000,000.00 62.1 4.6 283.9 283,888.53 56,777.71 3.97E+12
5 80,000,000.00 90,000,000.00 60.2 4.6 275.1 275,116.72 55,023.34 4.95E+12
6 380,000,000.00 390,000,000.00 2.4 4.6 10.7 10,744.32 2,148.86 8.38E+11
7 360,000,000.00 370,000,000.00 11.6 4.6 53.1 53,087.72 10,617.54 3.93E+12
8 340,000,000.00 350,000,000.00 23.9 4.6 109.2 109,243.85 21,848.77 7.65E+12
9 320,000,000.00 330,000,000.00 37.9 4.6 173.4 173,443.09 34,688.62 1.14E+13
10 300,000,000.00 310,000,000.00 53.7 4.6 245.7 245,659.06 49,131.81 1.52E+13
11 100,000,000.00 110,000,000.00 65.3 4.6 298.5 298,529.52 59,705.90 6.57E+12
12 280,000,000.00 290,000,000.00 73.5 4.6 335.8 335,818.78 67,163.76 1.95E+13
13 260,000,000.00 270,000,000.00 115.0 4.6 525.6 525,583.87 105,116.77 2.84E+13
14 240,000,000.00 250,000,000.00 116.2 4.6 531.1 531,144.38 106,228.88 2.66E+13
15 220,000,000.00 230,000,000.00 109.8 4.6 502.1 502,093.58 100,418.72 2.31E+13
16 200,000,000.00 210,000,000.00 118.0 4.6 539.4 539,378.33 107,875.67 2.27E+13
17 120,000,000.00 130,000,000.00 77.0 4.6 351.8 351,835.82 70,367.16 9.15E+12
18 180,000,000.00 190,000,000.00 134.2 4.6 613.4 613,427.30 122,685.46 2.33E+13
19 140,000,000.00 150,000,000.00 0.1 4.6 0.3 323.54 64.71 9.71E+09

20 160,000,000.00 170,000,000.00 156.5 4.6 715.7 715,733.89 143,146.78 243E+13

21 140,000,000.00 150,000,000.00 177.0 4.6 809.1 809,068.41 161,813.68 243E+13

22 120,000,000.00 130,000,000.00 83.8 4.6 383.1 383,056.26 76,611.25 9.96E+12

23 100,000,000.00 110,000,000.00 84.4 4.6 386.0 385,981.62 77,196.32 8.49E+12

24 80,000,000.00 90,000,000.00 96.3 4.6 440.3 440,287.12 88,057.42 7.93E+12

25 60,000,000.00 70,000,000.00 115.9 4.6 529.9 529,877.98 105,975.60 7.42E+12

26 40,000,000.00 50,000,000.00 132.9 4.6 607.6 607,634.06 121,526.81 6.08E+12

27 20,000,000.00 30,000,000.00 264.3 4.6 1208.5 1,208,505.44 241,701.09 7.25E+12

28 - 10,000,000.00 648.0 4.6 2962.7 2,962,749.05 592,549.81 5.93E+12

29 - - 421.5 4.6 1927.3 1,927,251.35 385,450.27 0.00E+00

Total DHC in Passive Cell Area 3.1E+14
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the inoculation points remained high the entire time, and were of a similar order of magnitude to
the monitoring wells. Figure 5-14 shows a similar trend in that DHC concentrations increased by
approximately 4 or ders of magnitude at PMW-8, although c oncentrations did decline be tween
the June and October 2009 sampling events.

The DNA results shown for the rest of the active and passive cell wells are provided in Appendix
H and Appendix I, respectively. For both treatment cells, increases of 2 to 5 orders of magnitude
of DHC concentrations following first arrival were observed at all locations that were monitored
monthly. T he CMT ports that were onl y monitoring quarterly had DHC concentrations ne ar
their maximum levels during the first sampling event following bioaugmentation. Based on data
from other wells, however, most growth occurred during this initial three month period, so these
data are consistent with other wells.

6.3.2 Extent of Dechlorination

The second Phase 3 objective was to assess and quantify the extent of dechlorination using both
the active and passive bioaugmentation approaches. To recap the results presented in Section 5,
complete dechlorination of TCE to ethene was achieved in the downgradient two-thirds of the
passive treatment cell, with ethene remaining as the predominant product in PMW-7, -8, and -9
in October 2009. In PMW-6, V C and ethene combined accounted for greater than 50% of the
remaining compounds. In the upper third of the cell, little dechlorination was observed in spite of
having e lectron donor distributed to all the C MT w ells; iron r eduction, s ulfate r eduction and
methanogenesis in several locations; and low to moderate numbers of DHC. While determining
the cause of this phenomenon was beyond the scope of this demonstration, it is very possible that
inhibition f rom ¢ o-contaminants s uch a s ¢ hloroform ¢ ould ha ve limited DHC activity.
Chloroform was present at concentrations as high as 1,500 ug/L and carbon tetrachloride as high
as 15,000 pg/L in the passive cell near PIW-1. This is the only part of the demonstration area
where t hese hi gh ¢ oncentrations were obs erved, a nd a Isot he onl y a rea w here ¢ omplete
dechlorination was not achieved.

In the active cell, complete de chlorination ( as indicated by e thene pr oduction) occurred to a
distance of at least 30 ft from the injection wells. By October 2009, VC and ethene were by far
the pr edominant ¢ ompounds a t a 1l 1 ocations within 3 0 ft of the in jection wells. At75 ft
downgradient (AMW-6), degradation products were increasing at the end of the demonstration,
but with no e lectron donor present and limited e vidence of reducing conditions. This suggests
that t he pr esence of de gradation p roducts at this d istance is s imply due t o m igration f rom
upgradient. Thus, complete dechlorination was stimulated to a distance between 30 and 75 ft.

In the ER-0513 work plan, decision rules were defined for this performance objective, based on

trends observed in monitoring data as shown in Table 6-5. These decision rules are intended to
provide a defined performance metric for the extent of dechlorination achieved.
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Table 6-5. Decision Rules for Dechlorination Performance Objective

Redox Conditions  Chloroethenes Ethene qPCR
Favorable Sulfate decreasing  Decreasing or Increasing or DHC bacteria
trends or absent; Methane not detected molar detected
detected equivalent to
initial TCE
Unfavorable Sulfate present and  Stable or Not detected No DHC
trends not decreasing; no  increasing bacteria detected

methane detected

Decision Rule 1: If the passive treatment cell shows all of the favorable trends in Table 6-5 at
>2/3 of all monitoring wells, then it will be determined that full-scale bi oaugmentation w as
successfully implemented using the passive approach. If less than /2 of all monitoring wells in
the passive cell show all favorable trends in Table 6-5, then it will be determined that full-scale
bioaugmentation was not successfully implemented using the passive approach. If more than 2
but less than 2/3 of all monitoring wells show favorable trends, then further evaluation will be
required.

Decision Rule 2: Ifthe active recirculation treatment cell shows all of the favorable trends in
Table 6-5 over a distance of greater than or equal to 75 ft from the reinjection wells, then it will
be de termined t hat full-scale bioa ugmentation was suc cessfully implemented using the active
recirculation a pproach. If the a ctive re circulation treatment c ell doe s not s how a1l of th e
favorable trends in Table 6-5 over a distance of at least 50 ft from the reinjection wells, then it
will be determined that full-scale bioaugmentation was not successfully implemented using the
active recirculation approach. All other combinations of potential outcomes will require further
evaluation.

Each monitoring 1 ocation in both treatment cel Is was asses sed in order to determine w hether
favorable trends were achieved. Table 6-6 shows the results of this analysis for the passive cell.
A “Y’ in Table 6-6 indicates that a favorable trend was observed at a given monitoring location
for a given parameter, and an “N” means that an unfavorable trend was observed. From Table 6-
6, favorable trends were observed for more than 2/3 of all passive cell monitoring locations for
redox conditions, chloroethene concentrations, and qPCR results. H owever, ethene production
was only measured at half of the monitoring locations, and at some of these concentrations were
between 5 and 10 pg/L. In addition, concentrations of TCE decreased at some locations without
a corresponding increase in daughter products.

Based on D ecision R ule 1, be tween Y2 a nd 2/ 3 of all m onitoring wells in the pa ssive ce Il
exhibited favorable trends for all four parameters. According to Decision Rule 1, this condition
requires f urther ev aluation. A s di scussed above, it is po ssible t hat high ¢ oncentrations of
chloroform limited DHC activity. Regardless of the cause of the inhibition, e ven though only
half of the monitoring wells showed ethene production, this number is biased because all of these
wells are located near PIW-1. In terms of treatment cell area, ethene production was observed in
the passive cell near two of the three injection wells. This implies that dechlorination to ethene
was obs ervedt hroughout a pproximately two-thirds of the pa ssive c ell. T herefore, this
performance objective was met in terms of area for the passive cell, though not in terms of
monitoring wells.
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Table 6-6. Passive Cell Results for Dechlorination Performance Objective

PMW | PMW | PMW | PMW (| PMW | PMW | PMW | PMW | PMW
PIW | PIW | PIW | PMW | PMW -3 -3 -3 -4 -4 -4 -5 -5 -5 PMW | PMW | PMW | PMW | Total
Well -1 -2 -3 -1 -2 (Z1) (Z22) (Z3) (Z1) (Z3) (Z4) (Z1) (Z22) (Z3) -6 -7 -8 -9 Y

Redox

Conditions N Y Y Y Y N Y N Y Y Y Y Y N Y Y Y Y 0.78
Chloroethenes Y Y Y N N N Y Y Y Y N Y Y Y Y Y Y Y 0.78
Ethene Y Y Y N N N N N Y N N Y N N Y Y Y Y 0.50
qPCR Y Y Y Y Y Y Y N Y Y N Y Y N Y Y Y Y 0.83
Notes:

Y - Favorable trends
observed

N - Favorable trends not
observed
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Table 6-7 shows the results of the extent of dechlorination analysis for the active cell. F rom
Table 6-7, favorable trends were observed everywhere except AMW-6 and the extraction wells.
Based on data presented in Section 5, AMW-6 and the extraction wells were beyond the area that
was impacted by lactate injections and bioaugmentation, so these results are expected.

While more than 2/3 of the monitoring wells showed favorable trends in the active cell, Decision
Rule 2 was based on the distance from the injection wells that was impacted. All wells that
exhibited favorable trends are within 36 f't of the injection wells. Therefore, the portion of the
active cell with favorable trends extends somewhere beyond 36 ft, but is less than 75 ft, which is
the distance to the next well (AMW-6). According to Decision Rule 2 in Table 6-5, these results
require further evaluation. Since too many utilities were present at the site in order to install any
monitoring wells between 36 ftand 75 ft from the injection points, the precise location of the
area that was impacted by the demonstration is unknown. Because of this, it was determined that
this performance objective was partially met for the active cell.

Overall then, this performance objective was partially met. What is more important, however, is
that the data are more than sufficient to make a comparison of the relative pros and cons of the
two bioaugmentation strategies, which is discussed in the next section.

6.3.3 Comparison of Performance of Active and Passive Approaches

A third de cision w as identified in the D emonstration Plan: to d etermine whether, and to the
extent pos sible, under what c onditions the passive approach is more technically e ffective and
cost effective than the active recirculation approach. Decision #3 is based on t he outcomes of
Decisions 1 and 2, as well as on cost. Because of the multiple combinations of outcomes, and
because of the fact that Decision Rules 1 and 2 are qualitative and are based on trends rather than
explicit a ction levels, n o de cision rule w as presented for Decision #3. H owever, an overall
evaluation i s m ade cons idering all ava ilable d ata in order t o determine w hether the pa ssive
approach was more technically effective and more cost effective than the active approach. Costs
are discussed in Section 7, and technical performance is summarized below.
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Table 6-7. Active Cell Results for Dechlorination Performance Objective

AMW- [ AMW-3 AMW-3 AMW-3 AMW-4 AMW-4 AMW-4 AMW-5 AMW-5

Well AMW-1 2 (Z1) (Z22) (Z3) (Z1) (Z22) (Z3) (Z1) (Z22) AMW-6 AEW Total Y
Redox
Conditions Y Y Y Y Y Y Y Y N Y N N 0.75
Chloroethenes Y Y Y Y Y Y Y Y Y Y N N 0.83
Ethene Y Y Y Y Y Y Y Y Y Y N N 0.83
qPCR Y Y Y Y Y Y Y Y Y Y N N 0.83
Notes:
Y - Favorable trends
observed

N - Favorable trends not observed
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Based on all data for both the active and passive treatment cells, the following conclusions can
be made regarding technical performance of the demonstration:

e Electron donor distribution from an individual injection point was similar using both the
passive and active approaches (greater than 25 ft in both cases)

e Electron donor and DHC distribution varied vertically for both strategies based on data
from the CMT wells; this did not have a negative impact on dechlorination in the active
cell, but dechlorination was minimal in all the CMT wells in the passive cell (likely due
to inhibition caused by co-contaminants)

e Higher electron donor concentrations were achieved in the passive cell, which required
significantly less donor compared to the active approach

e Strongly r educing r edox ¢ onditions w ere e stablished w ithin s imilar timeframes using
both approaches

e Dechlorination pe rformance w as s imilar f or bot h a pproaches, w ith t he e xception of
possible inhibition in part of the passive cell

e Bacterial distribution was similar from a given injection location both in terms of time to
first arrival, and in terms of area influenced

e In terms of area impacted, the passive approach stimulated dechlorination and bacterial
distribution ove r a la rger pe rcentage of the tre atment c ell compared to the a ctive
approach, which was limited to the area near the injection wells

It is likely that the hydrogeology of this site played an important role in the similar technical
performance of the passive and active bioaugmentation strategies. In particular, it was observed
that DHC was transported rapidly in both scenarios, with first arrival of DHC showing little or
no retardation compared to first arrival of a cons ervative tracer. In addition, these first arrivals
revealed the presence of some relatively high-flow solute transport pathways in the subsurface. It
is possible that having some such higher-velocity flow paths is an important ingredient for the
success of a passive b ioaugmentation s trategy. Without s uch paths, D HC t ransport m ight be
slowed significantly. Itis pos sible thatan active s trategy might a chieve m ore ra pid DHC
transport in a hydrogeologic setting with uniformly slow solute transport, though that could not
be evaluated in this de monstration. A tracer test is a useful characterization technique for any
full-scale bioaugmentation application to assist not only in the selection of a passive vs. an active
approach, but also for design of injection well spacing, placement of well screens, monitoring
well 1 ocations, and s o forth. T racer t esting w ith t hree-dimensional m onitoring, as with CMT
wells, is particularly useful for this purpose, as was also illustrated and documented in the final
reports for ESTCP project ER-0218.

Overall, technical pe rformance of both approaches w as similar in all r egards. However, as
discussed in Section 6.4, operations and maintenance (O&M) requirements were higher for the
active app roach, and the system w as not as user-friendly compared t o t he pa ssive a pproach.
Also, as presented in Section 7, ¢ osts for the active approach were higher than for the passive
approach.
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6.4 QUALITATIVE PERFORMANCE OBJECTIVES

One qualitative performance objective was established for the ER-0513 project. T his objective
was to assess the ease of use for both passive and active approaches. This includes operational
time re quired in the field, time s pent ¢ onducting maintenance a nd r epair a ctivities, and t he
amount of training required to operate each system. D ata collected in support of this objective
include feedback from field personnel; injection and operational logs, and the field team leader
logbook.

During the course of the demonstration, the active recirculation system required more time for
troubleshooting and maintenance than the passive system did. One major shutdown occurred in
late 2008 d ue to malfunction of overflow shutoff switches and the autodialer (refer to Section
5.6.3). This required modification of the recirculation system to include an additional overflow
tank, a nd additional instrumentation. I n addition, s everal m inor e quipment malfunctions
occurred dur ing t he ¢ ourse of t he de monstration, s uch a s f lowmeter ¢ logging, t emporary
extraction pump shutdowns, and PLC errors. The active recirculation system also required more
training f or field p ersonnel to und erstand t he PLC pr ogramming, how t o pr operly dos e t he
electron do nor, and ho w t o troubleshoot t he s ystem. Althoughitdid not oc cur dur ing this
demonstration, it is our e xperience from working at ot her s ites that biofouling is also m ore
common in recirculation systems than passive injection systems.

In contrast, the passive system required no electronics, and only had one minor repair to replace
flowmeters. Less training was required for the passive system, because it consisted of a simple
manifold to inject three wells at a time. The passive system did require a source of potable water
to use for the injections, but one was available nearby.

The success criterion for this performance objective was to quantify the operational requirements
for each approach. Data collected during the course of the ER-0513 demonstration did allow for
an assessment of the ease of use ofboth approaches, and it was de termined that the passive
system was easier to use and required less maintenance. Therefore, this performance goal was
met.
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7.0 COST ASSESSMENT

A critical evaluation criterion for any cleanup technology is cost. In this section, implementation
costs for bioremediation of chlorinated solvent source areas are estimated based on the costs of
the de monstration. Section 7.1 i ncludes a review of t he approximate costs associated with the
demonstration pr oject. S ection 7. 2 pr ovides a di scussion of t he pr imary ¢ ost dr ivers t hat
influence effective implementation of EAB at sites, and includes a discussion of the positive and
negative characteristics of act ive and passive treatment methods de monstrated for this project.
Finally, Section 7.3 provides cost information for successful implementation of the remedy at a
theoretical site.

7.1 COST REPORTING

Table 7-1 pr ovides t he e stimated i mplementation ¢ osts of t he t echnology f or the Site 70

demonstration projectat NAVWPNSTA Site 70 . These costs ar e t he appr oximate cos ts f or
performing a detailed demonstration of the technology, including more intensive sampling and
analysis than w ould typically be needed for a more “standard” application of the technology.
Projected costs for a more typical application of the technology at a model site are provided in
Section 7.3.

Detailed discussions of each of the cost element tasks in the table have been provided in previous
sections of this report. For clarity, a summary of each is provided below:

Start-up: consists of work plan de velopment and treatability/DNA s equencing s tudies. W ork
plan de velopment included finalization of the de monstration design, ne gotiation of anticipated
project activities and costs, and development of supporting documentation. The treatability study
consisted of be nch-scale t esting for de chlorination, w hich was r ecommended due to the hi gh
sulfate and chloride concentrations present at the site. The DNA sequencing study was conducted
to determine whether native species of DHC were present at the site prior to implementation of
the demonstration. Presence of the bacteria could have impacted the ability to assess growth and
distribution of the bioaugmentation culture during the demonstration project.

General C onstruction: ¢ onsists of w ell ins tallation, tracer testing and hydraulic
characterization, and groundwater modeling. W ell installation included monitoring, extraction,
and injection well installation that was necessary for completion of the de monstration. Tracer
testing a nd hydr aulic c haracterization w as pe rformed t o gather da ta on f low c haracteristics
within the active and passive treatment cells. Modeling work was performed to indicate potential
groundwater extraction rates and to anticipate electron donor distribution in the subsurface.

Active Cell Construction: consists of injection system construction, lactate injections,
bioaugmentation, system troubleshooting/maintenance, and sampling. The active cell was
constructed to include groundwater extraction and reinjection components, and to facilitate
injection of electron donor for bioremediation. Bioaugmentation was necessary to provide DHC
with the VCrA gene, which is necessary to obtain complete dechlorination to ethene. General
system troubleshooting and maintenance was necessary for upkeep of the treatment system.
Sampling was included for evaluation of the system performance.
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Table 7-1.

Approximate Implementation Costs for EAB at NAVWPNSTA Site 70

Cost Element

Sub-Category

Detail

Costs

Start-Up Costs $100,000
Treatability/DNA Sequencing Procurement- 80 hr $6,000
Study Subcontractors (lab services) $20,000
Work Plan Project Manager- 220 hr $27,500
Technical Reviewer- 40 hr $8,000
Project Engineer- 340 hr $34,000
Drafting/Clerical- 60 hr $4,500
General $214,200
Construction . - .
Costs Well Installation/Development Project Geologist- 500 hr $50,000
Subcontractor $112,000
Materials/ODCs $20,000
Tracer Testing/Hydraulic Project Manager - 40 hr $5,000
Characterization
Project Engineer - 40 hr $4,000
Project Geologist - 160 hr $16,000
Materials/ODCs $4,200
Screening Level Groundwater Project Hydrogeologist - 24 hr $3,000
Modeling
Active Cell $341,300
Con(s)tgzuﬁlon/ Oversight/Supervision Project Manager - 200 hr $25,000
Lactate Injection System Subcontractor $40,000
Purchase/ Construction
Lactate Injection (1x per week) | Project Engineer- 10 hr/event, 40 $40,000
events
Lactate- 50 gal per event, 40 events $24,000
Bioaugmentation Project Engineer- 20 hr $2,000
Bacterial Culture $15,000
System Troubleshooting/ Project Engineer - 80 hr $8,000
Maintenance (1 major and 3
minor events during demo)
Technician - 80 hr $4,800
Materials/ODCs $10,000
Sampling (12 total events) Project Engineer - 240 hr $24,000
Project Geologist - 240 hr $24,000
Analytical (all analytes, including $106,500
CSIA and gPCR)
Materials/ODCs ($1,500 per event) $18,000
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Cost Element Sub-Category Detail Costs
Passive Cell $251,300
Conétgﬁmn/ Oversight/Supervision Project Manager - 100 hr $12,500
Lactate Injection System Subcontractor $15,500
Purchase/ Construction
Lactate Injection (1x per week) | Project Engineer- 20 hr/event, 12 $24,000
events
Lactate- 50 gal per event, 12 events $7,200
Bioaugmentation Project Engineer- 20 hr $2,000
Bacterial Culture $15,000
System Troubleshooting/ Project Engineer - 10 hr $1,000
Maintenance (1 minor event
during demo)
Technician - 10 hr $600
Materials/ODCs $1,000
Sampling (12 total events) Project Engineer - 240 hr $24,000
Project Geologist - 240 hr $24,000
Analytical (all analytes, including $106,500
CSIA and gPCR
Materials/ODCs ($1,500 per event) $18,000
Performance $210,000
Assessment,
Reporting, and Includes final project reports, | Project Manager- 600 hr $75,000
Project tech transfer, and data
Management management/interpretation
Technical Reviewer- 200 hr $40,000
Project Engineer- 600 hr $60,000
Drafting/Clerical- 200 hr $15,000
Travel/ODC's $20,000
Demobilization | Site Cleanup and Restoration $5,000
Waste Disposal NA
Long-term NA
Monitoring

Passive C ell C onstruction: similarto the a ctive cell ¢ onstruction, with the e xception of
groundwater extraction and reinjection. The passive cell did not include these components, and
utilized natural groundwater flow to distribute electron donor and bacteria. The costs for passive
cell construction and O&M were considerably less than the active cell.

Performance A ssessment,

Reporting, an d P roject Management:

includes ongoi ng

management a nd r eview of a nalytical d ata, as w ell as p eriodic p roject reporting. This a Iso
includes preparation of the final project reports.
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Demobilization: includes removing equipment and m aterials from t he site, as well a s s ite
restoration.

Waste Disposal: Includes removal and disposal of all investigation derived waste. These costs
are standard, fairly insignificant, and were not tracked during the demonstration.

Long-Term Monitoring: Includes monitoring conducted after the demonstration is completed.
These costs are standard and were not tracked during the demonstration.

7.2 COST DRIVERS

As w ith most in situ remediation t echnologies, t he m ost i mportant a spect of i mplementing
bioaugmentation in c hlorinated s olvent s ource areas is de livery and di stribution. T hat is, the
electron donor and bacteria must be distributed throughout the target treatment zone to stimulate
the desired degradation. Therefore, the major cost drivers are likely to be the infrastructure and
materials required to achieve distribution of amendments. These are largely driven by the scale
of asi tel aterally and vertically, as w ell ast he hydraulic ¢ onductivity a nd t he de gree of
heterogeneity. T he “ bulk” hydr aulic ¢ onductivity of t he treatment zo ne w ill de termine t he
spacing of injection wells, and will have a strong influence on the required treatment duration.
The he terogeneity w ill m ostly impact the treatment dur ation becauseah igh degree o f
heterogeneity will increase the potential for preferential flow. A high degree of preferential flow
will result in a cleanup timeframe that is dependent upon diffusion more than advection, which
will increase treatment duration, thereby increasing costs.

Similarly, the sheer mass of contamination can be a cost driver. As long as the source consists
primarily of solvents at residual saturation or sorbed to the soil, mass removal can be fairly rapid
(subject to the po tential c onstraints of hydr aulic ¢ onductivity and he terogeneity discussed
above). However, i f D NAPL is present in pools, the cleanup timeframe becomes limited by
dissolution rates. While these rates can be accelerated during bioremediation (see the ER-0218
final report), cleanup timeframes will still be long for large pools of DNAPL.

Another potential cost driver is a need for hydraulic containment. If a sufficient downgradient
buffer zone is not available at a site and e xtraction of groundwater is required to prevent the
temporary increase in mass flux caused by EAB from i mpacting s ome ne arby dow ngradient
receptor, costs would increase. This is espe cially true if for s ome r eason t he e xtracted w ater
cannot simply be reinjected in the source area.

Vapor int rusion concerns can also be a potential ¢ ost d river. Bioremediation of ¢ hlorinated
solvents via EAB generates V C and methane. F or shallow, unconfined groundwater sites, this
creates the potential for these gases to reach fairly high concentrations in the unsaturated zone
above the water table. If potential receptors were present above the treatment zone and soil vapor
extraction were required, this would increase technology costs.
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7.3 COST ANALYSIS

This section provides an estimate for “typical” passive and active bioaugmentation approaches at
an example site with similar characteristics to that of NAVWPNSTA Site 70. The estimate is
based on the costs associated with the demonstration project, but does not include the level of
rigor r equired f or t echnology va lidation. T able 7.2 prov ides the si te cha racteristics and
assumptions for the example site.

Table 7-2. Parameters Used as the Basis for Calculating Technology Implementation Costs.

Active Approach Passive Approach
Site Area (acre) 0.5 0.5
Site Area (sq ft) 21,780 21,780
Contaminated Thickness Treated (ft) 20 20
Treatment Volume (cubic yards) 16,200 16,200
Number of Injection Wells (scaled up from demonstration) 10 19
Number of Multilevel Monitoring Wells 2 2
Number of Fully Penetrating Monitoring Wells 8 8
Number of Extraction Wells (active cell only) 10 0
Duration of Operations (years) 5 5
Frequency/Concentration of Electron Donor Injection Weekly/(3%) Monthly (1%)
Frequency of Monitoring Events quarterly quarterly
Same as Same as

Demonstration, but no | Demonstration, but no

CSIA and DNA only CSIA and DNA only
Monitoring Analytes for first year for first year

An effort was made to be conservative in several of the parameters so asto avoid being too
optimistic in the e stimate. For e xample, the number of m onitoring wells (especially the
multilevel wells) is higher than many cleanups at the assumed scale. In addition, the Site 70 costs
included tracer testing, modeling, a treatability study, and DNA sequencing, as noted in Table 7-
1. T hese activities a re not a lways pe rformed in typical a pplications, but can significantly
improve technology performance, and should be considered prior to implementation of a remedy.
The tracer testing and modeling efforts could be especially beneficial to a similar project, as they
may a id i n de termination of flow r ates, don or distribution effectiveness, estimated cleanup
timeframes, and whether a passive or active treatment method would be more appropriate.

In other cases, the de monstration c osts were reduced to reflect, for e xample, the frequency of
sampling that would be typical of implementation, as opposed to the frequent sampling required
to qua ntify ba cterial g rowth a nd di stribution under di fferent ¢ onditions. Also, thi s pr oject
included two separate drilling mobilizations in order to properly construct both treatment cells;
this would not be required for a typical implementation.
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The number of injection wells required for each approach was scaled up based on the ER-0513
project. For the active approach, this was based on the fact that approximately one-half to two-
thirds of the treatment cell was impacted during the demonstration, using two extraction and two
injection wells. For the theoretical site, this led to 10 injection and extraction wells for the active
approach, and 19 injection wells for the passive approach. The same lactate injection frequency
was assumed for each approach (weekly for active, and monthly for passive). Monitoring would
be conducted quarterly, rather than monthly as was done during the demonstration. Also, CSIA
would not be performed, and gPCR for DHC would only be performed during the first year of
operations.

This cost analysis focuses on comparing and contrasting the passive and active approaches for
bioaugmentation in the c ontext of implementing bi oremediation for ¢ leanup of a c hlorinated
solvent source area. For a comparison of bioremediation to other remediation technologies for
source area cleanup, see the Cost and Performance Report for ESTCP project ER-0218.

Life cycle costing provides the greatest utility when a project has a significant initial capital or
short-term operating cost, followed by a much longer period of lower operating costs. This is not
really the case either for the comparison of active and passive bioaugmentation approaches (in
any case, they would be assumed to have the same |l ong-term monitoring ne eds if t hat w ere
included). For both cases, the co sts were assumed to be incurred over 5 -6 ye ars (including
preliminary characterization, well drilling, etc.). Thus, the total costs reported below essentially
are the life cycle costs. In both cases, the capital cost is relatively small and the ope rational
period is still not very long, so again the utility of a net present value calculation is minimal and
was not performed.

Tables 7-3 and 7-4 present the projected i mplementation c osts for bioaugmentation us ing the
active and passive approach, respectively. Most of the costs are similar (e.g. start-up, general
construction, monitoring, and performance assessment) because they are common to both active
and passive approaches. However, for a theoretical site of this size, the construction and O&M
costs for the active approach are approximately three times as high as for the passive approach.
The result is an estimated cost for the active approach of $2.5M, compared to $1.5M for the
passive approach. The primary drivers for this cost increase are the significantly higher amount
of lactate required, and the higher costs for maintenance and oversight of recirculation systems.
The magnitude of the cost differences for O&M activities increases as the size of the area treated
increases. As alluded to in Section 6, t he benefits of implementing an active approach do not
appear to be justified by the increased costs, at least for a site like NAVWPNSTA Seal Beach.
Bacterial distribution was not significantly faster, and dechlorination performance was similar to
the passive approach.

It should be noted that some sites might have conditions that would lead to more significant
benefits for recirculation systems. For sites with very high groundwater flow velocities,
recirculation might be needed to manage residence within the treatment zone avoid chlorinated
degradation products migrating off-site. Such a site would also allow electron donor to be
distributed over a much larger distance prior to being degraded than was possible at Seal Beach,
which would increase the benefit.
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Table 7-3. Projected Implementation Costs for Bioaugmentation using Active Recirculation

Approach
Cost Element Sub-Category Detail Costs
Start-Up Costs $100,000
Treatability/DNA Sequencing Procurement- 80 hr $6,000
Study Subcontractors (lab services) $20,000
Work Plan Project Manager- 220 hr $27,500
Technical Reviewer- 40 hr $8,000
Project Engineer- 340 hr $34,000
Drafting/Clerical- 60 hr $4,500
General $201,700
Construction . . -
Costs Well Installation/Development Project Geologist- 500 hr $50,000
Subcontractor $112,000
Materials/fODCs $20,000
Tracer Testing/Hydraulic Project Manager - 20 hr $2,500
Characterization
Project Engineer - 20 hr $2,000
Project Geologist - 80 hr $8,000
Materials/ODCs $4,200
Screening Level Groundwater Project Hydrogeologist - 24 hr $3,000
Modeling
Active $1,751,700
Approach Oversight/Supervision Project Manager - 800 hr $100,000
Construction/ —
O&M Lactate Injection System Subcontractor $160,000
Purchase/ Construction
Lactate Injection (1x every Project Engineer- 10 hr/event, 260 $260,000
week) events
Lactate- 250 gal per event, 260 events $780,000
Bioaugmentation Project Engineer- 80 hr $8,000
Bacterial Culture $60,000
System Troubleshooting/ Project Engineer - 320 hr $32,000
Maintenance (1 major and 3
minor events during demo)
Technician - 320 hr $19,200
Materials/fODCs $40,000
Sampling (21 total events) Project Engineer - 630 hr $63,000
Project Geologist - 630 hr $63,000
Analytical (all analytes, excluding $135,000
CSIA and qPCR only for Year 1)
Materials/ODCs ($1,500 per event) $31,500
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Cost Element Sub-Category Detail Costs
Performance $420,000
Assessment,

Reporting, and Includes final project reports, | Project Manager- 1200 hr $150,000
Project tech transfer, and data
Management management/interpretation
Technical Reviewer- 400 hr $80,000
Project Engineer- 1200 hr $120,000
Drafting/Clerical- 400 hr $30,000
Travel/ODC's $40,000

Demobilization | Site Cleanup and Restoration $20,000

Waste Disposal NA

Long-term NA

Monitoring

Total $2,493,400

On the other hand, sites with very low groundwater velocities might make a passive system
impractical because very little distribution can be achieved without enhancing the hydraulic
gradient. What this demonstration indicates is that for sites that are closer to the “average” in
terms of groundwater velocity, passive bioaugmentation systems are likely to be more cost-
effective than active systems.
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Table 7-4. Projected Implementation Costs for Bioaugmentation using Passive Approach

Cost Element

Sub-Category

Detail

Costs

Start-Up Costs $100,000
Treatability/DNA Sequencing Procurement- 80 hr $6,000
Study Subcontractors (lab services) $20,000
Work Plan Project Manager- 220 hr $27,500
Technical Reviewer- 40 hr $8,000
Project Engineer- 340 hr $34,000
Drafting/Clerical- 60 hr $4,500
General $201,700
Construction . - .
Costs Well Installation/Development Project Geologist- 500 hr $50,000
Subcontractor $112,000
Materials/ODCs $20,000
Tracer Testing/Hydraulic Project Manager - 20 hr $2,500
Characterization
Project Engineer - 20 hr $2,000
Project Geologist - 80 hr $8,000
Materials/fODCs $4,200
Screening Level Groundwater Project Hydrogeologist - 24 hr $3,000
Modeling
Passive $761,300
Approach Oversight/Supervision Project Manager - 400 hr $50,000
Construction/ —
0&M Lactate Injection System Subcontractor $62,000
Purchase/ Construction
Lactate Injection (1x every Project Engineer- 20 hr/event, 48 $96,000
week) events
Lactate- 317 gal per event, 48 events $182,400
Bioaugmentation Project Engineer- 80 hr $8,000
Bacterial Culture $60,000
System Troubleshooting/ Project Engineer - 40 hr $4,000
Maintenance (1 major and 3
minor events during demo)
Technician - 40 hr $2,400
Materials/ODCs $4,000
Sampling (21 total events) Project Engineer - 630 hr $63,000
Project Geologist - 630 hr $63,000
Analytical (all analytes, excluding $135,000
CSIA and qPCR only for Year 1)
Materials/ODCs ($1,500 per event) $31,500
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Cost Element Sub-Category Detail Costs
Performance $420,000
Assessment,

Reporting, and Includes final project reports, | Project Manager- 1200 hr $150,000
Project tech transfer, and data
Management management/interpretation
Technical Reviewer- 400 hr $80,000
Project Engineer- 1200 hr $120,000
Drafting/Clerical- 400 hr $30,000
Travel/ODC's $40,000

Demobilization | Site Cleanup and Restoration $20,000

Waste Disposal NA

Long-term NA

Monitoring

Total $1,503,000
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8.0 IMPLEMENTATION ISSUES

This section discus ses i mplementation issues for bioaugmentation. In general, the issues are
similar when using either the passive or active approach. However, additional issues related to
permitting may be e ncountered w hen a pplying the t echnology us ing t he a ctive recirculation
approach.

8.1 REGULATIONS THAT APPLY TO BIOAUGMENTATION

The primary regulation or set of regulations that are applicable to bioaugmentation technology
are related to underground injection control. P ermits may be required for both electron donors
and f or bi oaugmentation c ultures. S pecifically i n C alifornia, W aste Discharge Requirement
(WDR) pe rmits are re quired. G eneral W DR permit N O. R 4-2007-0019 covers gr oundwater
remediation at petroleum hydrocarbon fuel, VOC, and/or hexavalent chromium impacted sites.
Any amendment listed in this permit can be used at a site without a separate permitting process.
In cases where a general WDR permit does not cover the amendments or cultures required for a
site, a site-specific WDR permit may be needed. It should be noted that permits are not required
for r emediation at C ERCLA sites such as NAVWPNSTA Site 70 ; however t he subs tantive
requirements of the permits need to be met.

Bioaugmentation at sites that use recirculation also need to address the issue of how extracted
water is handled. Some states may have regulations that state extracted water needs to be treated
prior to reinjection. H owever, R CRA regulations [ specifically 3020 (b)] s pecifically allow for
both i njection oft reatment age nts, and reinjection of extr acted w ater am ended with
bioremediation treatment a gents if c ertain conditions are met: “ Specifically, the gr oundwater
must be treated prior to reinjection; the tr eatment must be int ended to substantially reduce
hazardous constituents in the ground water — either before or after reinjection; the cleanup must
be protective of human health and the environment; and the injection must be part of a response
action under C ERCLA, Section 104 or 106, or a RCRA corrective action intended to clean up
the contamination.”

8.2 STAKEHOLDER/END-USER ISSUES

While bioaugmentation is an innovative technology that has not been extensively documented at
full scale, in situ bioremediation has been implemented at many DoD sites across the country. In
general, in situ bioremediation is well received by regulators and the public for many reasons,
including:

o Low Risks — Since most or all of the contaminant treatment occurs in the soil or
groundwater, risks to human health and the environment during implementation
are low compared to ex situ technologies.

o Low secondary waste generation — Contaminant treatment occurs in situ, with
little offsite disposal of residuals required.

o Minimal impacts d uring operations — Compared to ex situ technologies, little
infrastructure is re quired to implement and operate th e bioremediation systems,
resulting in minimal disruption to businesses and residences.
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o Overall risk reduction — In situ bioremediation has been shown to be reliable in
significantly de creasing contaminantc oncentrations in relatively short
timeframes, resulting in reductions of risk to human health and the environment.

While the merits of bioremediation have resulted in widespread acceptance of the technology,
full-scale bioaugmentation does present issues that are not encountered for bioremediation alone.
These i ssues can be ca tegorized as ei ther conc erns about the t echnology itself, or de cision-
making factors related to implementation of the technology.

The pr imary ¢ oncerns a bout f ull-scale bi oaugmentation are re lated to the int roduction of
exogenous bacteria to a site's groundwater. Stakeholders may object to the introduction of non-
native bacteria to an aquifer. For the current demonstration project, this concern was addressed
by c iting the pr ecedence f or pe rforming bi oaugmentation a t ot her sites, m ost not ably a t
NAVWPNSTA Seal Beach Site 40, as w ell as the fact that bioaugmentation is the CERCLA
selected remedy for Site 70. A nother c oncern related to the i ntroduction of ba cteria m ay be
simply the ability to distribute them over a sufficient area to achieve full-scale treatment; this
was the purpose of this demonstration project.

The primary end us er decision-making factors r egarding bioaugmentation are w hen (orif) to
perform t he a ctual i noculation e vents, a nd t he most e ffective a nd e fficient m ethod for
distribution of t he ba cteria. The f irst f actor ha s be en so mewhat controversial withint he
environmental c ommunity, and the "proper" decision will depend on t he specifics of the site.
While this factor is not the primary focus of the demonstration project, it is important in terms of
bioaugmentation implementation. Ata minimum, a site should not be bioaugmented until the
appropriate redox conditions have been e stablished (i.e., sulfate reduction or m ethanogenesis)
through biostimulation alone. Once this has been achieved, opinions vary about the amount of
time to continue bi ostimulation be fore bi oaugmenting. O n one e xtreme, s ome a dvocate
bioaugmenting immediately after achieving the appropriate redox conditions without waiting to
see 1f the appropriate dechlorinating bacteria are indigenous to the site. The reasoning for this
approach is tha t bi oaugmentation w ill re duce la g times pr ior to the ons et of ¢ omplete
dechlorination even if de chlorinating bacteria are present at the site. However, this approach
could result in unn ecessarily b ioaugmenting a site, w hich could increase ove rall r emediation
costs. The other extreme for this factor is to perform biostimulation alone for months or even
years in order to determine if D CE stall will e ventually be overcome naturally ata site. The
reasoning f or t his a pproach w ould be t o a void unne cessarily bi oaugmenting a s ite w hen
dechlorinating bacteria will eventually proliferate. The potential disadvantage of this approach is
that a site could remain in a state of DCE stall for a significant amount of time before complete
dechlorination is achieved, thereby increasing life-cycle costs compared to bioaugmentation.

Given that the purpose of this demonstration is to compare full-scale bioaugmentation systems
(as opposed to remediation of the site), the first approach was adopted for this project. Since the
pre-conditioning a pproach w as a dopted, it d id pr ovide t he oppor tunity t o s ample for DHC
bacteria and determine w hether bio stimulation alone would be sufficient. In this case, it was
evident t hat bi oaugmentation w ould be r equired. A nother factori nf avor of performing
bioaugmentation as soon as redox conditions are appropriate is that the cost of bioaugmentation
is usually a small portion of overall project costs, and in many cases is cost effective compared to
a1l onger b iostimulation pha se. H owever, t his doe snot 1 mply t hatt his ist he a pproach
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recommended forall sites. V ery large s ites, for w hich bi oaugmentation w ould r epresent a
significant cost, may benefit from a longer biostimulation phase.

The second factor, the best method for large-scale distribution of bacteria, is the primary focus of
this demonstration project. The results of the side-by-side comparison of the passive and active
approaches were presented in Sections 5 and 6. T his topic is also discussed in the forthcoming
ESTCP monograph on bioaugmentation.

8.3 PROCUREMENT ISSUES

No s ignificant pr ocurement i ssues e xist f or b ioaugmentation. T his t echnology uses r eadily
available techniques for w ell installation, a nd s tandard ¢ omponents f or pe rforming s ubstrate
injections. Projects that use a recirculation approach require more equipment and above ground
infrastructure, butitis all standard and readily available from industrial supp ly companies.
Amendments are widely available from bioremediation vendors across the country, and several
bioaugmentation cultures are a vailable from multiple s uppliers. B ioaugmentation t echnology
does r equire so mewhat spe cialized expertise t o properly interpret data and make ope rational
changes in order to optimize performance.
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Kent Sorenson CDM (303)-383-2300 Co-PI
sorensonks@cdm.com
Ryan Wymore CDM (303)-383-2300 Project Manager
wymorera@cdm.com
Brenda Reese NAVFAC SW (619)-532-4209 Remedial Project Manager

Pei-Fen Tamashiro

NAVWPNSTA Seal
Beach

(562) 626-7897

IR Program Coordinator




Appendix B
Memoranda Submitted to ESTCP



June 6, 2008

Ms. Andrea Leeson, Ph.D.
ESTCP Program Office

901 North Stuart Street, Suite 303
Arlington, VA 22203

Subject: Baseline sampling and tracer test results for ER-0513

Dear Andrea:

This White Paper presents results of baseline sampling and tracer testing for Environmental
Security Technology Certification Program (ESTCP) project ER-0513, with the intent of
documenting whether the selected site will be appropriate for meeting the demonstration
objectives. This project is being conducted at Naval Weapons Station Seal Beach, Site 70. The
purpose of this demonstration is to compare the low-cost, passive approach for
bioaugmentation to the more common recirculation approaches for full-scale TCE source area
application. Performance of the two approaches is being measured in terms of growth and
distribution of Dehalococcoides bacteria, time required to achieve complete dechlorination in
the test area, and cost. Specifically, the technical objectives of this project are to:

m Demonstrate cost-effective large-scale bacterial distribution
m Demonstrate induction of complete dechlorination

m Compare and contrast passive and active approaches

m Provide technology transfer

Project field work began in February 2008 with construction of the active recirculation treatment
cell. This was followed by the initiation of the “pre-conditioning” phase during which electron
donor is being added to both the active and passive treatment cells in order to establish
appropriate reducing conditions in the aquifer prior to bioaugmentation.

The active recirculation cell extracts and reinjects groundwater continuously. Electron donor
(1% to 3% sodium lactate) is being pulsed into the reinjection line approximately once per
month. For the passive treatment cell, sodium lactate is being injected into each of three
injection wells once per month, with the injection concentration and electron donor mass being
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the same for both treatment cells. Once conditions are sufficiently reducing (as evidenced by
ferrous iron concentrations greater than 0.5 mg/L, and a decrease in sulfate of at least 10% from
baseline), the treatment cells will be bioaugmented using a commercially available
bioaugmentation culture (Shaw’s SDC-9).

Approximately four months of field activities have been conducted to date for the ER-0513
project. This includes installation of the active recirculation system, well installation for the
passive cell, baseline groundwater sampling, tracer testing, and pre-conditioning lactate
injection. This white paper describes these activities in detail, and presents results obtained to
date.

Active Recirculation System

The wells for the active cell were installed in September and October 2007, along with two of the
passive cell wells. The active cell recirculation system itself was constructed, installed, and
tested in March and April 2008. The system operates by extracting groundwater from wells
AEW-1 and AEW-2 into a 275 gallon surge tank; the surge tank water is reinjected into AIW-1
and AIW-2, which is a distance of 100 ft upgradient from the extraction wells (refer to Figure 1
for well locations). Once the system was functional, it was operated for several days, and water
levels were measured in active cell monitoring wells, and in the two existing passive cell
monitoring wells, in order to determine the groundwater flow direction in the area of the
proposed passive cell wells. Water level data were collected in several wells using transducers,
and in other wells by taking water levels using a synoptic water level meter.

This phased approach for treatment cell construction allowed for the opportunity to assess
groundwater flow direction in the area of the planned passive cell wells before installing the
remaining ten wells. This helped avoid a scenario in which the entire passive treatment cell was
installed, only to find out that groundwater did not flow parallel to the treatment cell axis.

Figure 2 shows the measured water levels from both the active cell and the previously installed
passive cell wells, under ambient conditions, and with the active cell recirculation system
operating (pumped conditions). Note that this figure shows water levels in elevation in feet
below mean sea level, implying that groundwater flows in the direction of increasing numbers
on the figure. From this figure, the groundwater flow direction was southerly under ambient
conditions in both treatment cell areas, and perhaps slightly southwest in the passive cell area
under pumped conditions. This was in contrast to the southeastern direction that was assumed
based on data available at the time the ESTCP Demonstration Plan was submitted.



Andrea Leeson, Ph.D.
June 6, 2008
Page 3

Passive Cell Well Installation

In order to account for the more southerly flow direction, placement of some of the active cell
wells was adjusted slightly from their original planned locations. These adjustments were
made considering interpreted groundwater flow directions as well as accounting for the many
underground utilities in the area. The planned and actual locations are presented in Figure 3.
The most significant change was moving continuous multi-channel tubing (CMT) well PMW-3
from its planned location southeast of injection well PIW-1 to a location southwest of PIW-1.
Also, well PMW-2 was moved from its planned location on the treatment cell axis to a location
southwest of PIW-1. Finally, wells PIW-2 and PMW-6 were moved a few feet to the west of
their planned locations in order to avoid utilities.

The actual drilling and development of the remaining ten passive cell wells (four monitoring
wells, three injection wells, and three CMT wells) was performed from March 24, 2008 through
April 11, 2008 After installation of the remaining passive cell wells, a new round of water level
measurements was collected under pumped conditions. These are presented in Figure 4, which
shows water levels in elevation in feet below mean sea level. From Figure 4, the groundwater
flow direction in the area of the passive cell is south to southeast, as opposed to the more
southwesterly direction observed when only two wells were installed. Therefore, the placement
of injection and monitoring wells in the passive cell should allow for meaningful results to be
observed in all monitoring locations.

Baseline Sampling

Baseline sampling for the active cell was completed the week of April 7, 2008. This included
sampling the three standard monitoring wells, all ports in the three CMT wells, and the water
being produced from the extraction wells (refer to Figure 1 for well locations). Baseline
sampling for the passive cell was completed the week of April 21, 2008. This included sampling
the six standard monitoring wells, all ports in the three CMT wells, and the three injection wells
(refer to Figure 1 for well locations). Both baseline events were conducted with the active cell
recirculation system operating. Analytes sampled included VOCs, ethene/ethane/methane,
anions (sulfate, chloride, nitrate/nitrite), alkalinity, COD, DNA samples, compound-specific
isotope analysis, and iodide tracer (for background measurements).

The ESTCP Demonstration plan called for three sample ports in each CMT well. During
installation of both the active and passive cell CMT wells, four sample ports were completed in
all CMT wells except PMW-4, which has five sample ports. This was done in order to account
for the possibility that some ports would not produce enough water for sampling. During the
baseline sampling events, it was determined that the uppermost port in each active cell CMT
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well did not produce sufficient water to complete a full set of samples. However, because extra
ports were installed in each well, data are available from multiple depths in each CMT well.

Results of baseline sampling are summarized here and are presented in Figures 5 through 9.
The VOC contaminant distribution (TCE and ¢-DCE) is shown in Figures 5 and 6. For the active
treatment cell (Figure 5), concentrations were generally around 1,000 to 3,000 pg/L for TCE,
with other contaminants present at low levels, but concentrations increased significantly at the
southern end of the cell. The highest concentration measured anywhere in the ESTCP
demonstration area was 140,000 pg/L at well AMW-6. This is adjacent to a previous chemical
oxidation pilot test and was known to be the highest concentration area within the source. The
sample collected from the water being extracted from wells AEW-1 and AEW-2 had a TCE
concentration of 10,000 pg/L.

For the passive cell (Figure 6), TCE concentrations were around 1,000 pg/L at each end of the
treatment cell (wells PMW-1 and PMW-9). However, TCE concentrations were much higher in
the center of the passive cell (15,000 ng/L to 63,000 ng/L). Concentrations of other VOC
contaminants were low in all passive cell wells.

Vertical profiles of contaminants in CMT wells are shown in Figures 7 and 8. For the active cell
(Figure 7), upper zones generally have low levels of contaminants and also produce very little
water when purged. TCE concentrations were approximately 600 to 1,800 pg/L in middle to
lower zones. For the passive cell (Figure 8), TCE concentrations are generally an order of
magnitude higher than the active cell; upper zones had TCE concentrations of 1,000 to 10,000
ug/L, while middle and lower zones had TCE as high as 63,000 pg/L.

Results for other parameters show that the aquifer is generally mildly reducing with low levels
of available carbon. Dissolved oxygen is less than 1 mg/L and ferrous iron is generally less
than 0.1 mg/L at all locations. Sulfate is very high at this site, with concentrations ranging from
approximately 1,600 mg/L to as high as 8,700 mg/L near the area where the chemical oxidation
pilot test was conducted. Methane was detected at some wells up to 230 pg/L, while COD
ranged from non-detect to 100 mg/L. Overall, the pH is near neutral, and ORP ranges from -
150 to +300 mV. The only exception to these general trends is well PMW-9, which has relatively
high concentrations of methane of 2.8 mg/L, and somewhat depressed sulfate of 1,100 mg/L.
While TCE is lower at this location than others in the passive cell, very low concentrations of
reductive daughter products are present, and COD is low as well (16 mg/L). This suggests that
while redox conditions may be approaching methanogenesis at location, little dechlorination is
occurring.
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Baseline DNA sampling showed that indigenous Dehalococcoides were only detected at low
levels at two monitoring locations - the active extraction wells had 448 + 75 cells/L, and the
passive cell well PMW-3 had 110 + 28 cells/L. These cell counts are just above the minimum
quantification level for the quantitative polymerase chain reaction (QPCR) analysis, and are four
to six orders of magnitude lower than what is typically observed following bioaugmentation.
Also, it is important to note that the vinyl chloride reductase (vcrA) gene was not detected in
any samples. This is important because the vcrA gene was identified during the DNA studies
as the proposed “biomarker” that will be used to distinguish the bioaugmentation culture from
any indigenous Dehalococcoides that grow during the demonstration.

The DNA sampling will be continued throughout the pre-conditioning phase in order to
monitor increases in Dehalococcoides in response to the lactate injections. Also, monitoring for
vcrA will be continued to ensure that this functional gene is not detected even if Dehalococcoides
increases. If these data indicate that the indigenous strain begins to exhibit the vcrA gene, then
a more sophisticated analytical approach that involves sequencing the genes will be considered
for future samples to distinguish the inoculated Dehalococcoides from the indigenous.

Finally, while the full report containing the baseline compound-specific isotope analyses results
is not yet available, preliminary results show that the TCE present near the active extraction
wells is “heavier” than in other places. This implies that a mechanism which results in
fractionation of TCE (i.e. preferential transformation of the TCE molecules with the “lighter”
carbon-12 isotope) is or was active in the past in this area. This is consistent with the fact that
this area of the site is near the former chemical oxidation pilot test, because chemical oxidation
is known to cause fractionation of TCE, similar to what biodegradation causes. Thus, it appears
that the effects of the chemical oxidation are still evident in the isotope signatures at this
monitoring location. This should not affect data interpretation for the ER-0513 demonstration
because future biodegradation will cause further fractionation of TCE, and will also produce
daughter products, whose isotope signatures can then be monitored over time.

Active Cell Tracer Test

A tracer test was performed in the active cell in order to determine hydraulic properties and to
confirm travel times from the injection to monitoring wells. The ESTCP Demonstration Plan
described that either bromide or iodide would be used as the tracer. Since it was determined
that the high chloride concentrations at Site 70 (historically as high as 10,000 mg/L) would
cause significant interference with a bromide ion specific electrode, iodide was selected as the
tracer. Samples were collected for iodide during the baseline sampling to determine the
background response to the iodide probe (all samples were approximately 2-4 mg/L).
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Approximately 500 gallons of potassium iodide was injected into the active cell on April 10,
2008. The average concentration of iodide in the injected solution was approximately 13,100
mg/L. Samples for iodide tracer were collected once per day from well AMW-2 for
approximately four weeks. Periodic CMT monitoring has been performed for the seven weeks
since the tracer injection.

Tracer breakthrough curves are shown in Figure 9 for the active cell tracer test. Tracer
breakthrough was observed in AMW-2 (18 ft from injection wells) within 2 weeks.
Breakthrough was observed at AMW-4 Zone 2 (28 ft) within approximately 2.5 weeks, Zone 1
(33 ft) within 3 weeks, and Zone 3 (24 ft) within 4 weeks. In addition, tracer breakthrough has
occurred in AMW-5 Zone 2 and AMW-3 Zone 3 in approximately five weeks, and initial tracer
arrival has occurred in the other ports in these CMT wells. These results show that the lower
zones are more transmissive, which is also where the higher contaminant concentrations are
found in these wells. The long tail on AMW-2 is likely the result of different tracer arrivals in
the various lithologic units.

A preliminary analysis of the tracer test data was performed in order to estimate aquifer
properties for the purpose of calculating potential ranges of travel times within the passive cell.
The model used was developed for an instantaneous point source (Baetlse, 1969). The analytical
equation is found in Domenico and Schwartz (1990, p. 650). A hydraulic conductivity of 10 ft/d
was assumed as a starting point based on a pumping test performed in the source area at the
site several years ago. An effective porosity of 0.20 was assumed based on CDM’s experience
with this soil type. A longitudinal dispersivity value equivalent to approximately 10% of the
scale of the cell was assumed, and the transverse dispersivity was assumed to be 10% of the
longitudinal. The hydraulic gradient used was 0.04 based on water level measurements during
pumping. The final variable in this model is distance from the axis (or centerline) of transport.
Given the two injection wells in the active cell, this analytical model does not perfectly represent
the real system, and the distance from the axis has a questionable meaning. Also, solutions
using this model will be nonunique as multiple combinations of the conductivity, effective
porosity, and distance from the centerline can produce very similar results. Nevertheless, it is
believed that this approach is useful to estimate aquifer properties reasonably, especially given
the fact that the hydraulic conductivity has previously been measured by a multiple well
pumping test at the site.

Using this approach, inverse modeling was performed to estimate a range of hydraulic
conductivities based on matching model predictions to measured iodide breakthrough at
several of the monitoring locations. The results of this exercise are shown in Figure 10. For the
three active cell monitoring locations shown, the hydraulic conductivity ranged from 5 to 10
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ft/d. Thus, the tracer test data could be reasonably matched using hydraulic property values
consistent with the soil type and previous hydraulic testing at the site. A somewhat more
rigorous semi-analytical model is currently being developed to confirm the expected
implications of the estimated aquifer properties for the passive cell.

Based on the estimated values of parameters determined by the tracer test as listed above, travel
times from passive cell injection wells to passive cell monitoring wells can be estimated. The
most significant factor affecting the travel time is the injection event itself. The target injection
volume of 1,000 gallons per well is based on achieving a radius of influence of 5 ft. Therefore, it
is assumed that the injected substrate will be distributed 5 ft from the injection point at time
zero. Given the range of hydraulic conductivities that were estimated based on the tracer test,
along with the measured groundwater elevations presented in Figure 4, groundwater velocity
in the passive cell is approximately 4-8 ft/month, or 45-90 ft/yr. This is well within the range of
ambient groundwater velocity at other sites where bioremediation and bioaugmentation have
been successful, and is in fact two to four times higher than what was originally assumed in the
ER-0513 ESTCP Demonstration Plan.

The transport during injection combined with advection under ambient conditions results in
travel times from injection wells PIW-1 and PIW-3 to their corresponding monitoring wells
ranging from one to three months, assuming conductivity is 10 ft/d. Even if the low estimate of
5 ft/d for conductivity is assumed, travel times from PIW-1 and PIW-3 range from two to five
months. Well PIW-2 has a monitoring well located 8 ft away (PMW-6), and another monitoring
well located 29 ft away (PMW-7). Depending on the local flow direction in this area, travel
times to PMW-6 could be less than one month, while travel times to PMW-7 could be three to
seven months.

Pre-conditioning lactate injections and sampling

The initial lactate injection in the active cell was performed on April 23, 2008. Approximately
3,000 gallons was injected at a weight concentration of 1% (i.e. 10,000 mg/L). The initial passive
cell lactate injection has not yet been performed, pending resolution of the injection approach
with the Remedial Project Manager, the onsite Seal Beach environmental coordinator, and the
ESTCP project team.

A monthly sampling event (pre-conditioning monthly event #1) in the active cell wells was
performed the week of May 12, 2008. This included the three standard monitoring wells,
extraction wells, and one port only from each of the CMT wells. Preliminary results from this
sampling round suggest that effects of recirculation are beginning to be observed in the nearest
monitoring well AMW-2, in that contaminant profiles and geochemistry are becoming more like
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that of the water extracted from AEW-1 and AEW-2. Thus far, effects of the first lactate
injection are not evident in this well.

Recommendations

The data collected during field construction, baseline sampling, and tracer testing indicate that
meaningful results will be obtained during the 12-month duration of the bioaugmentation
portion of the ER-0513 project, allowing for the project objectives to be met Most importantly,
the aquifer hydraulics as determined from the tracer test are such that effects of lactate
injections and bioaugmentation will be observed at most monitoring wells within three to six
months (if not earlier). In addition, VOC concentrations are sufficiently high to support growth
of the injected bioaugmentation culture, and the mildly reducing redox conditions can be
driven to methanogenesis through the pre-conditioning lactate additions. Finally, the DNA
studies and DNA sampling conducted to date suggest that the vcrA functional gene can be used
to track the added bioaugmentation culture as planned.

Based on all of these factors, it is recommended that the ER-0513 project be continued as
outlined in the ESTCP Demonstration Plan. Pre-conditioning lactate injections will be
performed for an additional two months, and a final pre-conditioning sampling event will be
conducted to ensure that the vcrA gene has not proliferated prior to bioaugmentation. Also,
iodide tracer will be injected into one of the passive cell injection wells in order to confirm the
predicted travel times from injection to monitoring wells. The sampling frequency following
bioaugmentation is currently planned for monthly, but a recommendation to modify that might
be made depending on the sampling results for the pre-conditioning phase. Based on the
current schedule of activities, it is anticipated that bioaugmentation will be performed in late
July to early August 2008.

Very truly yours,
Joey Trotsky Kent S. Sorenson, Jr., Ph.D., P.E.
NAVFAC ESC Vice President

CDM
cc: Ryan A. Wymore, P.E.,, CDM
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December 29, 2008

Ms. Andrea Leeson, Ph.D.
ESTCP Program Office

901 North Stuart Street, Suite 303
Arlington, VA 22203

Subject: Pre-Conditioning Results for ER-0513

This White Paper presents results of the “pre-conditioning” phase for Environmental Security
Technology Certification Program (ESTCP) project ER-0513, with the intent of documenting
that conditions are appropriate for bioaugmentation, as directed by the ESTCP program office
in an email dated August 5, 2008. This project is being conducted at Naval Weapons Station
Seal Beach, Site 70. The purpose of this demonstration is to compare the low-cost, passive
approach for bioaugmentation to the more common recirculation approaches for full-scale
TCE source area application.

Project field work began in February 2008 with construction of the active recirculation
treatment cell. This was followed by the initiation of the “pre-conditioning” phase during
which electron donor was added to both the active and passive treatment cells in order to
establish appropriate reducing conditions in the aquifer prior to bioaugmentation. The active
recirculation cell extracts and reinjects groundwater continuously, and electron donor (1% to
3% sodium lactate) is being pulsed into the reinjection line periodically. To date, three active
cell injections have been performed from late April to mid-October 2008. For the passive
treatment cell, sodium lactate was injected into each of three injection wells once per month
between August and October 2008, with the injection concentration and electron donor mass
being the same for both treatment cells. Groundwater conditions were monitored following
each injection event during the pre-conditioning phase, in order to determine when
sufficiently reducing conditions were achieved. In the June 9, 2008 white paper submitted to
ESTCP, these conditions were defined as ferrous iron concentrations greater than 0.5 mg/L
and a decrease in sulfate of at least 10% from baseline. Once conditions are shown to be
sufficiently reducing, the treatment cells will be bioaugmented using a commercially available
bioaugmentation culture (Shaw’s SDC-9).

Pre-conditioning lactate injections and sampling

The initial lactate injection in the active cell was performed on April 23, 2008. Two additional
injections were conducted on July 17, 2008 and October 17, 2008. Approximately 3,000 gallons
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were injected at a weight concentration of approximately 1% (i.e., 10,000 mg/L) as lactate.
The initial passive injection was performed on August 6, 2008. Two additional injections were
conducted on September 8, 2008 and October 21, 2008. Approximately 3,200 gallons (1,066
gallons per well) were injected at a weight concentration of 1% during each event.

Baseline sampling as completed for the active cell the week of April 7, 2008 and for the
passive cell the week of April 21, 2008. Well details are shown in Table 1, and well locations
are shown in Figure 1. The baseline sampling included sampling the three standard
monitoring wells, all ports below the water table in the three CMT wells, and the water being
produced from the extraction wells (refer to Figure 1 for well locations). Sampling was also
conducted in September, October, and November 2008 to monitor groundwater conditions
during pre-conditioning. The September and October events included sampling the same
wells as the baseline event, except only the deepest zones (Zone 1) in the CMT wells were
sampled. The November 2008 event was the final sampling event during pre-conditioning
and included all the wells (and zones) included in the baseline event.

All active cell sampling events were conducted with the active cell recirculation system
operating. Analytes sampled during all events included volatile organic compounds (VOCs),
ethene/ethane/methane, anions (sulfate, chloride, and nitrate/nitrite), alkalinity, chemical
oxygen demand (COD), and DNA samples. During the baseline and final sampling events,
stable carbon isotope analysis was also performed.

Active Recirculation Cell Results
Electron Donor

Electron donor results as chemical oxygen demand (COD) are shown in Table 2. In general,
COD concentrations did not increase significantly during pre-conditioning activities in the
active cell. Given that donor injections were conducted approximately 6-8 weeks apart with
continuous recirculation being conducted throughout this time, it is believed that the lactate
may have been diluted and “washed out” from the monitoring wells. Because of this,
smaller, more frequent injections will be performed during the bioaugmentation phase.
Despite this observation in the monitoring wells, the redox data and VOC results clearly show
that the lactate injections have had positive impacts in the active cell nearer the injection
wells, in terms of driving conditions to be appropriate for bioaugmentation (see below).

Redox Parameters

Redox parameter results are also shown in Table 2. Ferrous iron was not detected at any wells
during baseline sampling except for in the deepest zone (Z1) of AMW-4 and AMW-5.
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However, ferrous iron concentrations increased by November 2008 to greater than 3 mg/L at
AMW-2, which is the closest downgradient well to the injection wells. Also, ferrous iron
concentrations increased to above 0.5 mg/L at all three of the CMT wells further
downgradient.

Sulfate concentrations decreased over 65% from 7,400 mg/L to 2,600 mg/L at AMW-2. Sulfate
concentrations also decreased more than 20% from baseline conditions at AMW-3 Z1 (24%),
AMW-4 72 (52%), AMW-4 Z3 (53%) and at AMW-5 Z2 (46%), and upgradient well AMW-1
(38%). Sulfate concentrations did increase at the deepest zone of AMW-5 Z1 from 3,600 mg/L
to 4,900 mg/ L. Sulfate concentrations remained relatively stable at AMW-4 Z1 and AMW-6.

Other electron acceptors nitrate and methane were also analyzed. Nitrate was not detected at
any well during the final pre-conditioning sampling event. Methane concentrations were also
below 50 pg/L at all wells except the extraction points.

Overall, these results show that redox conditions in the active cell at wells near the injection
points are iron- to sulfate-reducing, which is appropriate for bioaugmentation. While the
entire active cell is not yet at the appropriate redox conditions, it is only a requirement for the
portion of the aquifer where the culture will be injected to have the appropriate redox
conditions. The remainder of the active cell will achieve the appropriate conditions as the
bioaugmentation phase progresses.

Contaminants and Degradation Products

Results of baseline (April 2008) and final pre-conditioning (November 2008) sampling events
are summarized and are presented in Table 3 for VOC compounds. Trichloroethene (TCE)
concentrations were generally around 1,000 to 3,000 pg/L during baseline sampling, with the
exception of the extraction wells (10,000 pg/L) and well AMW-6 (140,000 pg/L); other
contaminants were present at low levels. The November 2008 final pre-conditioning VOC
contaminant distribution is shown in Figure 2 for tetrachloroethene (PCE), TCE, and cis-1,2-
dichloroethene (c-DCE). In general, TCE concentrations were higher than baseline in all wells
except AMW-6 (decrease from 140,000 pg/L to 120,000 ng/L) and AMW-2 (3,500 ng/L to
1,300 pg/L). This is due to the fact that the recirculation system is extracting groundwater
with higher TCE concentrations and reinjecting it upgradient. The highest TCE concentration
measured anywhere in the ESTCP demonstration area remained at well AMW-6 (120,000
ug/L). Vinyl chloride (VC) was not detected at any wells except for AMW-2 (35 pg/L). The
sample collected from the water being extracted from wells AEW-1 and AEW-2 had a TCE

FINAL Pre-Conditioning Tech Memo.doc



Ms. Andrea Leeson, Ph.D.
December 29, 2008
Page 4

concentration of 35,000 pg/L, higher than the baseline concentration of 10,000 pg/L. The
c-DCE concentration remained stable at 1,700 pg/L.

The VOCs present at AMW-2 during the November 2008 round are significant in that they
show partial dechlorination is already occurring. The results of this event show that
significant c-DCE is present at this location, as well as low levels of VC. This is consistent
with the other data from this well, which show that conditions are sulfate-reducing.

Vertical profiles of primary contaminant TCE in active cell CMT wells are shown in Figure 3
for April 2008 and November 2008 sampling events. Under baseline conditions, the vertical
profile for all 3 CMT wells showed lower overall TCE concentrations and an increase in TCE
concentrations with depth. In November 2008, upper zones generally had similar TCE
concentrations as deeper zones, probably due to the recirculation. TCE concentrations ranged
from 520 to 10,000 pg/L in the three active zone CMT wells.

DNA Results

DNA analysis results using quantitative polymerase chain reaction (qQ?CR) are provided in
Table 4. These results show that indigenous Dehalococcoides were only detected at low levels at
two monitoring locations (AMW-2 and AMW-4 Z1) and the extraction wells - the monitoring
wells had up to 3.4x10% + 810 cells/L and the extraction wells had 1.1x10* £+ 5300 cells/L.
Although these cell counts are higher than the baseline concentrations, some increase in
Dehalococcoides was expected after lactate injection. However, it is important to note that the
vinyl chloride reductase (vcrA) gene was not detected in any samples. This is key because the
vcrA gene was identified during the DNA studies as the proposed “biomarker” that will be
used to distinguish the bioaugmentation culture from any indigenous Dehalococcoides that
grow during the demonstration.

Active Cell Summary

Active cell results indicate that appropriate conditions have been achieved for successful
bioaugmentation, particularly in wells near the reinjection locations. Ferrous iron increases
were observed to above 0.5 mg/L in all wells except AMW-6 and upgradient well AMW-1.
Also, sulfate concentrations decreased more than 10% except in AMW-6 and the extraction
wells. While COD concentrations did not increase above 60 mg/L in any active cell well, the
significantly increased c-DCE concentration at AMW-2 and other wells indicates that partial
dechlorination is occurring near the injection wells.
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Passive Cell Results
Electron Donor

Electron donor (COD) results are shown from the baseline and final pre-conditioning events
in Table 2. Baseline conditions showed that COD was at or below 100 mg/L throughout the
passive cell. In November 2008, COD concentrations increased to above 1,000 mg/L in wells
PMW-6, PMW-7, PIW-2, and PIW-3 and increased to near or above 100 mg/L in wells PMW-
2, PMW-3 Z1, and PIW-1. COD only decreased slightly in wells PMW-1, PMW-9, and in the
upper zones of all three CMT wells. These results indicate that donor has increased
significantly in the areas surrounding the injection wells throughout the passive cell.

Redox Parameters

Electron acceptor results are also shown in Table 2. Ferrous iron was not detected at any wells
during baseline sampling except for in the upper zone of PMW-5. The November 2008 results
show that ferrous iron concentrations increased to above 0.5 mg/L at PMW-2, PMW-6, and
PMW-8, which are the closest downgradient wells to injection wells PIW-1, PIW-2, and PIW-
3, respectively. Also, ferrous iron concentrations increased to above 0.5 mg/L for at least one
zone of all three CMT wells further downgradient.

Baseline sulfate concentrations were high in the passive cell, ranging from 1,100 mg/L in
PMW-9 to 5,800 mg/L in PMW-5 Z3. Following the lactate injections, sulfate concentrations
decreased from baseline conditions between 35% and 99% in the three injection wells. Sulfate
concentrations also decreased more than 10% from baseline conditions in PMW-7 (13%) and
PMW-8 (21%), while remaining relatively stable in the three CMT wells and PMW-6. Sulfate
concentrations did increase over 100% in wells PMW-2 and PMW-9. Also, upgradient well
PMW-1 increased in sulfate concentration from baseline by 24%.

Other electron acceptors nitrate and methane were also analyzed. Nitrate was not detected in
any well during the final pre-conditioning sampling event except upgradient well PMW-1
(0.72 mg/L). Methane concentrations were above 0.1 mg/L in all monitoring wells except
AMW-1 and AMW-2.

Overall, these redox conditions show that most of the passive cell wells are iron- to sulfate-
reducing, and possibly even methanogenic based on methane concentrations of greater than
200 pg/L at some wells. These results indicate that conditions are appropriate for
bioaugmentation in the passive cell.
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Contaminants and Degradation Products

Passive sampling VOC results are summarized and are presented in Table 3 for the baseline
and final pre-conditioning sampling events. The VOC contaminant distribution is shown in
Figure 2 for PCE, TCE, and c¢-DCE. During the baseline event, TCE concentrations were
approximately 1,000 pg/L at each end of the treatment cell (wells PMW-1 and PMW-9).
However, TCE concentrations were much higher in the center of the passive cell (15,000 pg/L
to 63,000 pg/L). Concentrations of other VOC contaminants were low in all passive cell wells.

The results indicate that TCE concentrations were similar to baseline in all wells except the
injection wells, which all decreased two orders of magnitude, and PMW-2, which increased
from 28 pg/L to 1,600 pg/L. The highest concentration of TCE was still in the center of the
cell, with concentrations in the lowest zone of the three CMT wells, ranging from 37,000 pg/L
in PMW-5 to 60,000 pg/L in PMW-3. As opposed to the active recirculation cell,
concentrations of degradation product c-DCE did not increase significantly from baseline
conditions. No vinyl chloride was detected in the passive cell.

Vertical profiles of TCE in passive cell CMT wells are shown in Figure 4 for April 2008 and
November 2008 sampling events. For the passive cell, TCE concentrations are generally an
order of magnitude higher in the lower zone (Z1) than the upper zone (Z3-Z4) in all wells;
upper zones had TCE concentrations of 4,800 to 9,100 pg/L, while lower zones had TCE as
high as 63,000 pg/L. This profile is similar to the profile observed during baseline conditions.

DNA Results

DNA results (Table 4) show that indigenous Dehalococcoides were not detected in any wells in
the passive cell during the November 2008 sampling event, including functional gene vcrA.
This is important because the vcrA gene was identified during the DNA studies as the
proposed “biomarker” that will be used to distinguish the bioaugmentation culture from any
indigenous Dehalococcoides that grow during the demonstration.

Passive Cell Summary

Passive cell results indicate that conditions are becoming more reducing, with the most
positive results observed near the injection wells. In these wells, ferrous iron increased to
above 0.5 mg/L and sulfate decreased more than 10% except in PMW-2 and PMW-6. COD
increased significantly at wells near the injection points also, and significant COD still
remains at two of the three injection wells. This indicates that sufficient electron donor is
being supplied for bioaugmentation.
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Recommendations

The data collected during the pre-conditioning phase indicate conditions at and near the
injection wells are appropriate for bioaugmentation . Electron acceptor results in both cells
show that ferrous iron concentrations have generally increased to above 0.5 mg/L, with
higher concentrations observed closer to the injection wells. Additionally, sulfate
concentrations generally decreased over 10% near the injection wells in both cells from
baseline conditions, indicating that the lactate additions are making the subsurface more
reducing. The active recirculation cell results indicate that increased dechlorination is
occurring following the lactate injections, but dechlorination beyond c-DCE has not generally
been observed.

Most importantly, the DNA results indicate that low populations of Dehalococcoides are
present in the treatment cells as expected, but that the vcrA gene has not been detected
anywhere. This indicates that the vcrA functional gene can be used to track the added
bioaugmentation culture as planned.

Based on all of these factors, it is recommended that bioaugmentation be performed in early
January in both the active and passive treatment cells using the commercially available
culture SDC-9. Please provide us with confirmation that we can move forward with
bioaugmentation as planned.

Very truly yours,
Joey Trotsky Kent S. Sorenson, Jr., Ph.D., P.E.
NAVFAC ESC Vice President

Camp Dresser & McKee Inc.

cc: Ryan A. Wymore, P.E., CDM

Attachments
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Screen Interval
Well 1D Well Type (ft bgs)
Active Recirculation Cell

AMW-1 Monitoring 15.1-35.1
AMW-2 Monitoring 15-35
AMW-3 CMT Z1 33-34
AMW-3 CMT Z2 28-29
AMW-3 CMT Z3 24-25
AMW-3 CMT Z4 17-18
AMW-4 CMT Z1 33-34
AMW-4 CMT Z2 28-29
AMW-4 CMT Z3 24-25
AMW-4 CMT Z4 18-19
AMW-5 CMT Z1 33-34
AMW-5 CMT Z2 26.5-27.5
AMW-5 CMT Z3 22-23
AMW-5 CMT Z4 18-19
AMW-6 Monitoring 15.5-35.5
AEW-1 Extraction 14.7-34.7
AEW-2 Extraction 15.3-35.3
AlIW-1 Injection 15.6-35.6
AIW-2 Injection 15.5-35.5

CMT- Continuous Multichannel Tubing

bgs - below ground surface

Screen Interval
Well ID Well Type (ft bgs)
Passive Cell

PMW-1 Monitoring 15.3-35.3
PMW-2 Monitoring 15-35
PMW-3 CMT Z1 34-35
PMW-3 CMT z2 26-27
PMW-3 CMT Z3 22-23
PMW-3 CMT Z4 16-17
PMW-4 CMT Z1 33.5-34.5
PMW-4 CMT z2 30-31
PMW-4 CMT Z3 26.5-27.5
PMW-4 CMT z4 22.5-23.5
PMW-4 CMT Z5 15.5-16.5
PMW-5 CMT z1 33.5-34.5
PMW-5 CMT Zz2 27-28
PMW-5 CMT Z3 23-24
PMW-5 CMT Z4 17-18
PMW-6 Monitoring 15-35
PMW-7 Monitoring 15-35
PMW-8 Monitoring 15-35
PMW-9 Monitoring 15-35
PIW-1 Injection 15-35
PIW-2 Injection 15-35
PIW-3 Injection 15-35

Table 1

Well Construction Details

Project ER-0513

Naval Weapons Station Seal Beach

Site 70

Seal Beach, California



Sample well Type Nitrate (mg/L) Ferrous Iron (mg/L) Sulfate (mg/L) Methane (ug/L) COD (mg/L)
Location YPe 412008 | 1172008 | % Diff | 4/2008 | 11/2008 | % Diff | 4/2008 | 11/2008 | % Diff | 4/2008 | 11/2008| % Diff | 4/2008 | 11/2008 | % Diff
Active Recirculation Cell
AMW-1 | Monitoring] 0.89 0 -100% 0 0 NA 8,700 5,400 -38% <5 <5 NA 34 32 -6%
AMW-2 | Monitoring 0 0 NA 0 3.3 NA 7,400 2,600 -65% <5 6 NA 40 47 18%
AMW-3 CMT Z1 0.21 0 -100% 0 0 NA 7,900 6,000 -24% 20 9 -55% 60 57 -5%
AMW-3 CMT z22 NS 0 NA NS 0 NA NS 4,900 NA NS 8 NA NS 40 NA
AMW-3 CMT Z3 NS 0 NA NS 0.70 NA NS 3,700 NA NS 13 NA NS 38 NA
AMW-4 CMT Z1 0.14 0 -100% | 0.17 3.10 1724% 6,300 5,900 -6% 21 9 -57% 48 47 -2%
AMW-4 CMT z22 0.13 0 -100% 0 1.42 NA 6,900 3,300 -52% 41 10 -76% 44 36 -18%
AMW-4 CMT Z3 0 0 NA 0 0.37 NA 7,000 3,300 -53% 19 <5 NA 38 38 0%
AMW-5 CMT Z1 0.16 0 -100% | 0.24 0 -100% 3,600 4,900 36% 28 14 -50% 42 47 12%
AMW-5 CMT Z2 0.18 0 -100% 0 3.23 NA 7,100 3,800 -46% 48 13 -73% 40 42 5%
AMW-6 | Monitoring] 0.35 0 -100% 0 0 NA 3,300 3,300 0% 40 33 -18% 58 47 -19%
AEW Extraction | 0.14 0 -14% 0 0 NA 1,600 1,500 -6% 140 100 -29% 28 34 21%
Passive Cell
PMW-1 | Monitoring| 0.53 0.72 37% 0 0 NA 3,800 4,700 24% 360 14 -96% 28 25 -11%
PMW-2 | Monitoring| 0.04 0 -100% 0 2.19 NA 1,600 5,100 219% 2,300 71 -97% 18 120 567%
PMW-3 CMT Z1 0.03 0 -100% 0 1.92 NA 2,000 2,100 5% 220 220 0% 64 170 166%
PMW-3 CMT Z2 0.04 0 -100% 0 0.18 NA 4,200 3,800 -10% 80 86 8% 67 30 -55%
PMW-3 CMT Z3 0 0 NA 0 1.18 NA 3,900 4,400 13% 160 98 -39% 100 68 -32%
PMW-4 CMT Z1 0.09 0 -100% 0 0.62 NA 2,000 2,000 0% 180 290 61% 58 74 28%
PMW-4 CMT Z3 0 0 NA 0 0.10 NA 5,600 5,100 -9% 90 75 -17% 79 53 -33%
PMW-4 CMT z4 0 0 NA 0 0.12 NA 5,000 4,400 -12% 190 130 -32% 68 57 -16%
PMW-5 CMT Z1 0.57 0 -100% 0 0 NA 2,100 2,200 5% 130 270 108% 38 44 16%
PMW-5 CMT Z2 0 0 NA 0 0.09 NA 5,700 6,000 5% 60 57 -5% 100 95 -5%
PMW-5 CMT Z3 0 0 NA 0.02 0.70 4567% 5,800 5,700 -2% 70 83 19% 87 83 -5%
PMW-6 | Monitoring| 0.10 0 -100% 0 0.99 NA 3,000 3,300 10% 170 130 -24% 56 78 39%
PMW-7 | Monitoring| 0.03 0 -100% 0 1.94 NA 3,000 2,600 -13% 210 140 -33% 50 1,100 2100%
PMW-8 | Monitoring 0 0 NA 0 3.07 NA 2,400 1,900 -21% 430 150 -65% 46 1,400 2943%
PMW-9 | Monitoring| 0.01 0 -100% 0 0 NA 1,100 3,000 173% 2,800 370 -87% 16 13 -19%
PIW-1 Injection 0.11 0 -100% 0 0.02 NA 3,400 2,200 -35% 15 94 527% 28 99 254%
PIW-2 Injection 0.13 0 -100% 0 2.92 NA 3,900 600 -85% 230 6 -97% 71 4,900 6801%
PIW-3 Injection 0 0 NA 0 3.30 NA 3,100 15 -100% 150 14 -91% 30 5,700 | 18900%

NS - Not sampled during this event Z1 is the deepest channel of each CMT well, Z3 is the shallowest.

NA - Percent difference not calculated Not all channels were able to be sampled because thewater level

CMT - Continuous multichannel tubing was below the bottom of the channel.

<'- Below the reporting limit Table 2

Electron Acceptor and Donor Results
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sample PCE TCE c-1,2-DCE Vinyl Chloride
Location Well Type (ug/L) (ug/L) (ug/L) (ug/L)
4/2008 | 11/2008 | 4/2008 | 11/2008 | 4/2008 | 11/2008 | 4/2008 | 11/2008
Active Recirculation Cell
AMW-1 | Monitoring ] BDL BDL 2,100 8,100 83 990 BDL BDL
AMW-2 | Monitoring | BDL BDL 3,450 1,300 630 8,400 BDL 35
AMW-3 CMT Z1 BDL BDL 1,200 8,000 32 1,900 BDL BDL
AMW-3 CMT Z2 NS BDL NS 7,700 NS 1,300 NS BDL
AMW-3 CMT Z3 NS BDL NS 8,900 NS 780 NS BDL
AMW-4 CMT Z1 BDL BDL 1,800 8,600 86 1,300 BDL BDL
AMW-4 CMT 22 BDL BDL 610 10,000 9 1,700 BDL BDL
AMW-4 CMT Z3 BDL BDL 1,200 7,900 49 1,100 BDL BDL
AMW-5 CMT 21 BDL BDL 710 5,200 14 650 BDL BDL
AMW-5 CMT Z2 BDL BDL 1,100 5,700 21 5,200 BDL BDL
AMW-6 | Monitoring ] BDL BDL 140,000 | 120,000 | BDL BDL BDL BDL
AEW Extraction | BDL BDL 10,000 | 35,000 | 1,900 1,700 BDL BDL
Passive Cell
PMW-1 | Monitoring| 19 BDL 1,150 1,600 49 64 BDL BDL
PMW-2 | Monitoring| 33 BDL 28 3,000 3 65 BDL BDL
PMW-3 CMT Z1 BDL BDL 49,000 | 61,000 | BDL BDL BDL BDL
PMW-3 CMT Z2 BDL 7.5 4,700 3,100 90 69 BDL BDL
PMW-3 CMT Z3 20 16 5,400 4,800 98 51 BDL BDL
PMW-4 CMT Z1 BDL BDL 62,000 | 50,000 | BDL BDL BDL BDL
PMW-4 CMT Z3 BDL BDL 8,500 4,600 85 96 BDL BDL
PMW-4 CMT Z4 BDL 21 8,900 6,300 77 86 BDL BDL
PMW-5 CMT Z1 BDL BDL 57,000 | 37,000 | BDL BDL BDL BDL
PMW-5 CMT Z2 BDL 15 13,000 | 6,100 BDL 86 BDL BDL
PMW-5 CMT Z3 BDL BDL 11,000 | 9,100 90 72 BDL BDL
PMW-6 | Monitoring | BDL BDL 11,000 | 9,700 51 80 BDL BDL
PMW-7 | Monitoring | BDL BDL 17,000 | 9,600 76 59 BDL BDL
PMW-8 | Monitoring] BDL BDL 15,000 | 8,500 120 BDL BDL BDL
PMW-9 | Monitoring| BDL BDL 840 1,500 18 31 BDL BDL
PIW-1 Injection BDL 38 2,600 54 61.0 3.6 BDL BDL
PIW-2 Injection BDL BDL 20,000 240 BDL 3.9 BDL BDL
PIW-3 Injection BDL BDL 11,000 270 82 260 BDL BDL
PCE - tetrachloroethene
TCE - trichloroethene
¢-DCE - cis-1,2-dichloroethene
CMT - Continuous Multichannel Tubing
ug/L - micrograms per liter
BDL - below detection limits
NS - Not Sampled
Table 3
VOC Results

Project ER-0513

Naval Weapons Station Seal Beach
Site 70

Seal Beach, California



DNA Universal Dehalococcoides Dehalococcoides Dehalococcoides Dehalococcoides
PCR" 16S rRNA tceA bvcA vCrA
Sample ID [ ng/L groundwater copy/L groundwater* copy/L groundwater* copy/L groundwater* copy/L
ACTIVE RECIRCULATION CELL
AMW1 1028 + ND ND ND ND
AMW?2 4715 + 3.36E+03 | + [8.10E+02|2.36E+03 | + | 4.70E+02|4.60E+02 | + | 4.70E+02 ND
AMW3-Z1 417 + ND ND ND ND
AMW3-Z2 1073 + ND ND ND ND
AMW3-Z3 1940 + ND ND ND ND
AMW4-71 2258 + 2.07E+03 | + [3.99E+02|2.15E+03 | + | 5.59E+02|4.00E+02 | + | 2.06E+02 ND
AMWA4-Z2 2463 + ND ND ND ND
AMW4-73 2293 + ND ND ND ND
AMW5-Z1 989 + ND ND ND ND
AMWS5-72 5718 - ND ND ND ND
AMWG6 375 + ND ND ND ND
AEW 293 + 1.60E+04| + | 3.53E+02 ND ND ND
PASSIVE CELL
PMW1 350 + ND ND ND ND
PMW?2 6877 + ND ND ND ND
PMW3-Z1 6807 + ND ND ND ND
PMW3-Z2 2319 + ND ND ND ND
PMW3-Z3 887 - ND ND ND ND
PMW4-Z1 5816 + ND ND ND ND
PMW4-Z3 3435 + ND ND ND ND
PMW4-Z4 4258 + ND ND ND ND
PMW5-Z1 1813 + ND ND ND ND
PMW5-Z2 7000 + ND ND ND ND
PMW5-Z3 12813 + ND ND ND ND
PMW6 1976 + ND ND ND ND
PMW7 10500 + ND ND ND ND
PMW38 8711 + ND ND ND ND
PMW9 478 - ND ND ND ND
PIW1 2414 - ND ND ND ND
PIW2 19167 + ND ND ND ND
PIW3 30973 + ND ND ND ND

*. Cells highlighted in yellow and in italics indicate that the value presented is below the reporting limit.
#: a '+’ sign indicates that amplification of Bacteria was successful, and a ‘-* sign indicates that amplification was not successful.

ND: indicates sample was non-detect for the target.

Table 4

gPCR DNA Results

Project ER-0513

Naval Weapons Station Seal Beach

Site 70
Seal Beach, California
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Site Photographs



Picture 1. AIW-2 well.



Picture 2. CMT Well.



Picture 3. Injection system control panel.



Picture 4. Dosatron setup.



Picture 5. Extraction piping daylighting.



Picture 6. Extraction piping daylighting.



Picture 7. Extraction well trench.



Picture 8. Normal monitoring well completion.
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Picture 9. Peristaltic pump for groundwater purging.



Picture 10. Peristaltic pump sampling setup.



Picture 11. Piping to AIW-1.



Picture 12. Piping to AIW-2.



Picture 13. Piping between injection and extraction wells.



Picture 14. Piping between injection and extraction wells.



Picture 15. Groundwater purge setup with YSI.



Picture 16. Purging groundwater into bucket.



Picture 17. Sample collection.
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Picture 18. Surge tank and control panel front.



Picture 19. Surge tank and control panel front.



Picture 20. Surge tank and control panel side.
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Picture 21. Treatment compound area.



Picture 22. Treatment compound area.



Picture 23. Treatment compound area.
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Picture 24. YSI with flow-thru cell for groundwater purging.
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Microcosm Study
with Groundwater from Naval Weapons Station Seal Beach Site
Wells EW-70-01 & MW-70-27

Summary

Purpose and Approach.

The purpose of this microcosm test was to determine whether two of BCI’s bioaugmentation
cultures could achieve dechlorination in well samples from the Seal Beach Site.

CDM selected two wells for testing (1) EW-70-01, which had a high chloride content of 2,200
mg/L and high sulfate content of 1,650 mg/L, and (2) MW-70-27, which had high chloride of
4,400 mg/L and extremely high sulfate of 9,300 mg/L. Both wells contained total chlorinated
ethene concentrations of less than 30 mg/L.

BCI selected two of its D.ethenogenes cultures for testing; Culture “S” (a TCE-degrader) and
Culture “B” (a mixed chloroethene-degrader), both of which had capabilities with high chloride
concentrations. Both cultures were augmented with a sulfate-reducing culture active at high
sulfate concentrations.

Anaerobic microcosms were constructed to test each culture with each groundwater sample,
using whey as donor (food source), and adding small amounts of minerals needed by bacteria
(ammonia and phosphate) as well as yeast extract and vitamin Bj,. Killed control microcosms
were also constructed for each well sample. Microcosms were monitored by removing small
samples and analyzing for chlorinated organics and ethene by gas chromatography, and organic
acids and sulfate by capillary ion electrophoresis.

Results and Conclusions

For EW-70-01, which contained ‘only’ 1,650 mg/L sulfate and 2,200 mg/L chloride, BCI
Cultures “S” and “B” were equally successful in dechlorinating 16 mg/L TCE and 6 mg/L cDCE
completely to ethene in 112 days.

For MW-70-27, which contained very high sulfate of 9,270 mg/L and very high chloride of
4,350 mg/L, Culture “S” succeeded in dechlorinating 73% of the 26 mg/L TCE in 112 days,
whereas Culture “B” dechlorinated less than 1 % of the initial TCE to ethene. Therefore, Culture
“S” appears to be the better choice for MW-70-27.

The utilization of whey was highly efficient in both ground waters, resulting in very little
accumulation of organic acids, mainly due to the utilization of both lactate and acetate by the
sulfate-reducing bacteria, and both propionate and butyrate by the organic-acid-oxidizers in the
dechlorinating cultures.



Bioremediation Consulting CDM 1Irving CA Microcosms Report 7/10/06

Sample Receipt and Groundwater Characteristics

Samples. Groundwater used in this microcosm study was collected on 2/7/06 at Naval Weapons
Station Seal Beach Site from MW-70-27 and EW-70-01 into 1 L serum bottles which had been
filled with Argon and contained FeS reducing agent to give 0.25 mM. The samples were
received 2/9/06. The EW-70-01 sample contained some black solids, indicating that anaerobic
conditions had been maintained during sampling and shipping, and received 0.05 mM additional
reducing agent. Samples from MW-70-27 arrived having an orange precipitate, indicating that
the groundwater was aerobic. These samples received 0.44 mM additional reducing agent to
create anaerobic conditions.

Groundwater Characteristics. Results of Groundwater analysis on are given in Table A. The
absence of organic acids indicates that both well areas may be donor-limited, while the presence
of ammonia and phosphate indicate that these areas are not mineral-limited. The presence of VC
in EW-70-01 indicates that there may have been DCE-dechlorinating bacteria (D. ethenogenes)
in this well area in the past, or that these organisms may currently be present up-gradient. The
presence in MW-70-27 of ammonia, rather than nitrate, indicates that the area is at least slightly
anaerobic.

Table A. Seal Beach Site Groundwater Characteristics, 2/9/06, mg/L

MG/L | meth | ethe | VC |cDCE| TCE Cl SO, | organic | NO3 | NHs-| PO, | pH
acids N

EW-70-01| .11 01 | .180 | 6.2 16 2,200 | 1,650 0 0 A .15 6.7

MW-70-27 | .02 0 .005| 0.2 29 4,350 | 9,270 0 0 .3 .88 7.0

Methods

Microcosm Construction and Maintenance. Microcosms were constructed by transferring 100
ml of groundwater to 160 ml serum bottles using anaerobic technique, were sealed with Teflon-
coated rubber septa affixed with crimped caps, and were overpressurized with 5 cc anoxic gas.
Controls were killed by lowering the pH to 3. Microcosms were maintained in darkness, with
agueous portion in contact with the septa, at 22 +1°C, and were shaken 3 times per week.

Amendments. Live microcosms received amendment stock solutions which were prepared using
anaerobic procedures, and added by syringe to microcosms, giving 40 mg/L ammonia-nitrogen,
60 mg/L phosphate, 50 mg/L yeast extract, and 50 ppb vitamin B;,. Whey (aqueous) was
received from a dairy, titrated to pH 8.8, made anaerobic, and stored frozen. Whey was added
to microcosms in small increments as needed.

Day 1, Bioaugmenting with Sulfate-Reducing Bacteria: In order to lower the ORP to the level
required by dechlorinating bacteria, the microcosms were bioaugmented with a BCI culture of
salt-tolerant sulfate-reducers.
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Days 8 and 23, Bioaugmenting with D.Ethenogenes. On day 8, one microcosm for each well
received 0.3 ml of BCI Culture “S”, and the second microcosm for each well received 0.3 ml of
BCI Culture “B”. This bioaugmentation was repeated on Day 23.

Maintenance: During the test, organic acids were monitored, and additional donor was added as
needed to maintain detectable propionate, lactate, and/or butyrate. EW-70-01 microcosms
received 0.4 ml whey on days 0, 8, 23, 50, 67, and 0.1 ml on day 81. MW-70-27 microcosms
received 0.4 ml whey on days 0, 8, 23, 50, 67, and 0.5 ml on days 81, 88, and 96.

Removal of H,S. Because H,S resulting from sulfate reduction was removed by adding FeCl to
precipitate FeS, subsequently requiring the addition of OH to re-adjust pH. This procedure is not
necessary in situ, as metals in the soil will react with the sulfide. Starting on day 53, 16.8 mM
FeCl were added to EW-70-01, and 23.5 mM FeCl were added to MW-70-27.

Microcosm Monitoring.

Methane, ethene, and chlorinated compounds were monitored by removing 100 uL samples of
microcosm headspace and injecting into a HP 5890 gas chromatograph according to EPA
Method 5021A. Standards were prepared similarly, and analyzed in the same manner as
samples. ChemStation software was used to calculate response factors and quantitate results.
Concentrations reported are those that would be present if each compound were completely in
the aqueous phase (not partially in the headspace).

Nitrate, Sulfate and organic acids were determined by removing 100 puL aqueous samples and
analyzing by capillary ion electrophoresis according to EPA Method 6500 (which does not
separate lactate and propionate). Compounds were identified by retention time ratio in
comparison with standards analyzed with each batch. Response factors were calculated and
results quantified by Millennium software. pH was determined by removing 150 uL aqueous
samples by syringe and measured with a ThermoOrion model 290A pH meter and a Sure-flow
Ross semi-micro electrode.

Results and Discussion:

EW-70-01and MW-70-27 results are presented in Table 1 & Figure 1, and Table 2 & Figure 2
respectively.

Controls: The concentrations of contaminants and daughter products in the killed controls for
either EW-70-0 or MW-70-27 did not change during the 112 day test period.

Utilization of Whey in Ground Water. Whey is initially broken down to a mixture of organic
acids, formate, acetate, propionate, lactate, and butyrate. Acetate and lactate can be utilized by
sulfate-reducing bacteria. Propionate and butyrate are further broken down to acetate, CO,, and
H,, which is the donor used by dechlorinating bacteria.

EW-70-01 Results (Initial 1,600 mg/L SO4, 16 mg/L TCE, 6 mg/L cDCE)
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EW-70-01 with Culture *S”

During the first three weeks, 300 mg/L of sulfate were reduced, and 20% of the TCE was
dechlorinated to cDCE (a step which does not require D. ethenogenes). By day 112, the
remaining sulfate was reduced and all remaining TCE had been dechlorinated to cDCE, then to
VC and finally to Ethene.

EW-70-01 with Culture “B”

During the first three weeks, 270 mg/L Sulfate were reduced and no significant dechlorination
occurred. Subsequently, by day 112, all of the remaining sulfate was reduced, and all of the
TCE, DCE, and VC had been dechlorinated to ethene.

Utilization of Whey in EW-70-01

During the initial stage of sulfate reduction, acetate accumulated, indicating that sulfate-reducing
bacteria were converting Lactate to acetate. Subsequently, acetate was utilized by the sulfate-
reducers. Propionate and butyrate were apparently utilized to produce H, so quickly, that
detectable concentrations were seen only on days 7 and 21 with culture S, and on day 109 with
culture B. After dechlorination was complete, methane generation increased.

Culture Selection for EW-70-01

The two BCI Cultures, “S” and “B”, dechlorinated TCE and ¢cDCE in EW-70-01 with equal
success.

MW-70-27 Results (Initial 9,270 mg/L SO4 , 29 mg/L TCE, 0.2 mg/L cDCE)

MW-70-27 with Culture “S”

By day 21, about 400 mg/L sulfate had been reduced, and all TCE had been dechlorinated to
cDCE. Subsequently, by day 112, additional 3,000 mg/L sulfate had been reduced and all cDCE
had been dechlorinated to 73 % ethene and 27 % VC, with dechlorination continuing.

MW-70-27 with Culture “B”

By day 21, about 260 mg/L sulfate had been reduced, and all of the TCE had been dechlorinated
to cDCE. Subsequently, by day 112, additional 3,000 mg/L sulfate had been reduced, but only
21% of the cDCE had been dechlorinated (to VC).

Utilization of Whey in MW-70-27

With both Culture “S” and Culture “B”, acetate accumulated initially, but was subsequently
utilized. Organic acids from whey were utilized too quickly to accumulate.

Culture Selection for MW-70-27

In the high-chloride, high-sulfate groundwater, Culture “S” succeeded in dechlorinating 73% of
the 26 mg/L TCE in 112 days, whereas Culture “B” dechlorinated less than 1 % of the initial
TCE to ethene. Therefore, Culture “S” appears to be the better choice for MW-70-27.
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Seal Beach Site 70 Project Quantitative PCR Analytical Summary
31 January, 2007

Overview:

The objective of this project was to detect the number of Dehalococcoides sp. (DHC) 16S rRNA
gene copies and reductase functional genes (tceA, vcrA, and bvcA copies) contained in groundwater
collected from the Seal Beach Site 70 site, Seal Beach, CA, using quantitative polymerase chain
reaction (QPCR). The client is CDM. Table 1 describes the sample matrix and the condition of the
samples upon arrival to the analytical laboratory.

Table 1. Description of Seal Beach Site 70 samples and volume filtered for DNA extraction.

Condition Received/

Well Location Matrix/Date Sampled Observations Volume
MW70-27 Groundwater Dry ice preserved filter 18
EW70-01 Groundwater Dry ice preserved filter 27

The two samples arrived in good condition within the specified holding time. Upon arrival, the
samples were frozen for storage at -80°C until the DNA extraction was performed. Following DNA
extraction, the samples were first subjected to polymerase chain reaction (PCR) using universal
bacterial probes in order to verify that amplifiable DNA was present in the samples. In addition, for the
16S rRNA gene, a “nested” QPCR approach can be applied in which the universal bacterial PCR-
amplified DNA is used as the template in a QPCR reaction. Although the results from the nested QPCR
cannot be quantified per se, they can be used to lower the detect limit for the QPCR in order to
determine if the Dehalococcoides 16S rRNA gene is present at concentrations lower than the method
detect limit (MDL) using the groundwater DNA extractions. The results of these studies are described
here.
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Methods:

DNA Extraction: 250 to 500 mL of groundwater was filtered in the field using sterile 0.2-um acetate
filters and filter apparatus (Table 1). The filters were frozen at -80°C and then shattered. Next, each sample
tube was amended with 2 mL of DNA-free water, vortexed vigorously for 5 minutes, and the liquid volume
was partitioned into DNA extraction tubes. DNA extractions were performed using the Bio101 DNA
Extraction Kit according to the manufacturer’s instructions. Community DNA was eluted in nuclease-free
water (50 uL) and stored at -20°C.

Amplification of Bacteria: The PCR was used to amplify nearly full-length 16S rRNA genes from
Bacteria. Each 25-uL PCR reaction included 0.4 mg mL-1 molecular-grade BSA (Sigma Chemicals), 1X
PCR buffer (Promega), 1.5 mM MgCl,, 0.5 uM each forward and reverse primer (Invitrogen), 1 U Tag DNA
polymerase (Promega), 0.2 mM each dNTP (Invitrogen), 1 uL template DNA, and molecular-grade water
(Promega). Amplification was performed on a PerkinElmer Model 9600 thermocycler using the following
regime: 94°C (5 min) followed by 25 cycles of 94°C (1 min), 53.5°C (1 min), and 72°C (1 min). The
reaction was finished with an additional 7 minutes at 72°C. PCR products were examined in a 1.2% agarose
gel stained with ethidium bromide to confirm specificity of the amplification reactions.

Detection of Dehalococcoides: The QPCR methods for assessing the 16S rRNA gene, and the
reductase genes tceA, bvcA, and vcrA, are very sensitive in detecting specific DNA fragments. The detection
limit for the methods used is approximately 2 gene copies per uL of the DNA extraction. The reporting limit
is 50 gene copies per uL of the DNA extraction.

A mixed laboratory culture containing Dehalococcoides was used to obtain the quantitative standard
used in these analyses. Plasmid DNA containing DNA inserts of targets 16S rRNA gene, tceA, bvcA, and
vcrA from Dehalococcoides were purified and quantified fluorometrically. Based on the known size of the
plasmid and insert, DNA concentrations were converted to insert copy numbers. A dilution series spanning
seven orders of magnitude was generated using known concentrations of each plasmid. Amplification and
detection of the DNA was performed using the Cepheid System. The acceptance criterion for the standard
curve is a linear R? value of greater than 0.995.

TagMan Protocol. The 16S rRNA gene QPCR reaction was performed using TagMan chemistry (Applied
Biosystems). All reagents and materials used in the QPCR amplification are purchased from Applied
Biosystems. Reaction volumes of 25 pL contained forward and reverse primers at a concentration of

700 nM, a probe at a concentration of 200 nM, 1 x TagMan Universal PCR Master Mix, and 5 puL of sample
DNA. The settings for cycle number and reaction conditions used for all runs were 95°C for 10 minutes, and
45 cycles of 95°C for 15 seconds and 58°C for 1 minute. Standards and unknowns were run in triplicate to
ensure reproducibility. Cycle thresholds (C;) were set to minimize the standard deviation of standard curve
triplicate C; values, and also to obtain a standard curve slope as close to negative 3.5 as possible.

SYBR Green Protocol. The functional reductase genes tceA, bvcA, and vcrA were assessed using SYBR
green chemistry (Applied Biosystems). Reaction volumes of 25 pL contained forward and reverse primers
at a concentration of 700 nM, a probe at a concentration of 200 nM, 1 x SYBR green Universal PCR Master
Mix, and 5 pL of sample DNA. The settings for cycle number and reaction conditions used for all runs were
95°C for 10 minutes, and 45 cycles of 95°C for 15 seconds and 58°C for 1 minute. Standards and unknowns
were run in triplicate to ensure reproducibility. Cycle thresholds (C;) were set to minimize the standard
deviation of standard curve triplicate C; values, and also to obtain a standard curve slope as close to negative
3.5 as possible.
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Results:

The two samples arrived at the lab in good condition frozen with dry ice still in the cooler. The filters were immediately placed in a -
80°C freezer and stored until the DNA extraction was performed. Table 2 summarizes the results of the project samples. The DNA
extraction negative control and all PCR negative controls did not amplify any product. In addition, all calibration control checks were

within acceptable values.

Table 2. Results of molecular analyses for Seal Beach site samples.
DNA Dehalococcoides 16S Dehalococcoides
Well (ng/L PCR rDNA (copy/L tceA (copy/L Dehalococcoides bvcA Dehalococcoides vcrA
Location  groundwater)  Bacteria’ groundwater)* groundwater)* (copy/L groundwater)*  (copy/L groundwater)*
MW?70-27 10 + 0.00 (+)* 0.00 0.00 0.00
EW70-01 26 + 4.59 x 10°+2.91 x 10° 7.50 x 10" 8.95 x 10> 0.00

* :a*indicates that the value presented is below the reporting limit.
# :a “+’ sign indicates that amplification of Bacteria and Dehalococcoides (in the nested QPCR) was successful, and a ‘-* sign indicates that amplification was not successful.

A these samples were not run in triplicate due to limited volumes of DNA.

The DNA concentration of the DNA extraction in ng/L of groundwater is reported as an indicator of relative biomass levels for the
samples so that relative comparisons can be made. The DNA concentrations ranged from 10 ng/L groundwater for sample MW70-27 to 26
ng/L for sample EW70-01 (Table 2). This indicates very low biomass in the samples, especially considering the large volumes of
groundwater that were filtered. All DNA extractions yielded sufficient DNA to amplify Bacteria, confirming that despite the very low

biomass, amplifiable DNA was obtained from each sample.

DHC was detected in the DNA extraction for sampleEW70-01 at low concentrations (459 16S rRNA gene copies/L groundwater) and
was not detected in sample MW?70-27 (Table 2). However, DHC was detected in sample MW70-27 in the nested QPCR, which indicates
that this microbe is present but below the MDL using the DNA extraction alone. In addition, the reductase genes tceA and bvcA were

detected in the samples, but vcrA was not.




Evaluation of 16S rRNA gene and vcrA gene Sequences Obtained from
Seal Beach Site 70 and Three Bioaugmentation Cultures

Introduction:

Molecular analyses was conducted to evaluate Dehalococcoides spp. found in the Seal
Beach Site 70 site with those found in various bioaugmenation cultures including BCI,
Shaw and KB-1. These analyses were conducted in order to determine if indigenous
Dehalococcoides spp. could be distinguished from those present in several
bioaugmentation cultures for the purpose of tracking the growth and transport of the
bioaugmented Dehalococcoides spp. following inoculation into groundwater at the Seal
Beach Site 70 site.

Several methods were used to evaluate Dehalococcoides including quantitative PCR
analysis and clone library analysis to evaluate various Dehalococcoides genes including
the 16S rRNA gene, and functional reductase genes vcrA, bvcA and tceA. The following
describes clone library analysis used to evaluate the 16S rRNA gene of the Seal Beach
Site 70 Dehalococcoides and the three bioagumentation cultures and evaluation of vcrA
sequence analysis of the Shaw and KB-1 bioaugmentation cultures.

Methods:

Clone libraries were constructed for samples EW70-01, BCI and the Shaw bioaugmentation
culture to determine the 16S rRNA gene sequence composition of Dehalococcoides spp.
amplified using primers Fp DHC 1/Rp DHC 1377 shown in Table 1 (Hendrickson et al 2002).
(Table 1). In addition, a clone library was constructed using the Shaw bioaugmentation culture
using vcrA reductase-gene specific primers. The TOPO® TA kit with TOP10 chemically
competent E. coli was used for clone library construction (Invitrogen™) and the clone libraries
were constructed according to the manufacturers instructions.

The clones were selected by blue-white screening, and only those colonies containing plasmids
with inserts (white colonies) were selected and plated on LB/SGAL/Kan media plates (Sigma-
Aldrich). Plasmids were purified from 5 transformants from each of the 16S rRNA libraries and
the vcrA reductase library. Plasmid DNA was extracted and purified from cultures of each clone
grown in 1 mL of TPYNG medium containing kanamycin using the QlAprep Spin Miniprep Kit
(Qiagen). The purified plasmids were sequenced using primers identified in Table X. to obtain
greater than 2X average coverage of the entire insert. Sequencing reactions employed the ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems) and
Model 3100 Automated DNA Sequencer (Applied Biosystems).

The sequences were assembled and aligned using BioEdit software. Sequences were
initially aligned against known sequences (GenBank database) using the BLAST tool
provided by the National Center for Biotechnology Information. For the 16S rRNA clone
libaries a multiple sequence alignment of clones from the Seal Beach site, and the three
bioaugmentation cultures was performed with the European Molecular Biology



Laboratory-European Bioinformatics Institute (EMBL-EBI) Clustal W alignment tool.
For the vcrA library, the verA sequence for Dehalococcoides strain VS, an uncultured
vcrA sequence and the KB-1 published vcrA sequence were downloaded and included in
an alignment with the clones obtained from the Shaw clone library constructed here. The
16S rRNA gene and vcrA gene sequence similarity was then assessed for the sequences
within the two alignments. In addition, base pair mismatches were identified and

evaluated.

Table 1. Primer targets used for generation of clone libraries.

Primer | Target Sequence Use Reference
Fp DHC | 16SrDNA | 5’GATGAACGCTAGCGGCG3’ Cloning/ Hendrickson
1 DHC Sequencing et al 2002
Rp DHC | 16SrDNA | 5’GGTTGGCACATCGACTTCAA3’ Cloning/ Hendrickson
1377 DHC Sequencing et al 2002
Rp DHC | 16SrDNA | 5’TCAGTGACAACCTAGAAAACY’ Sequencing Hendrickson
692 DHC et al 2002
515F 16S rDNA | 5’GTGCCAGCMGCCGCGGTAAZ’ Sequencing
Universal
Bacteria
VCrABF VCrA 5'CTATGAAGGCCCTCCAGATGC3' Cloning/ Muller et al
reductase Sequencing 2004
VCrABR | vcrA 5'GTAACAGCCCCAATATGCAAGTAZ' | Cloning/ Muller et al
reductase Sequencing 2004
VCrAF VCrA 5'CTCGGCTACCGAACGGATT3’ Sequencing/QPCR | Leeetal
reductase 2006
VCrAR VCrA 5’"GGGCAGGAGGATTGACACATY3’ Sequencing/QPCR | Leeetal
reductase 2006
Results:

16S rRNA gene analysis. In order to evaluate the utility of 16S rDNA methods for
tracking Dehalococcoides populations indigenous to the Seal Beach site and those found
in the bioaugmentation cultures, clone libraries were constructed from the Seal Beach
Site 70 groundwater sample collected from well EW70-01, and from the bioaugmentation
cultures obtained from BCI and Shaw. 16S rDNA sequences were obtained from five
clones from the EW70-01 and BCI libraries and four clones from the Shaw library. The
approximately 1300 bp DNA sequence obtained from each clone was initially aligned
against known sequences using the BLAST tool (Table 2) in order to determine the
closest match with sequences in the GenBank database. In addition to the sequences
obtained from the libraries, an alignment was generated using a ClustalW algorithm
(http://www.ebi.ac.uk/clustalw/ ) with published sequences from bioaugmentation culture
KB-1 in order to determine the sequence similarity between the environmental clone
sequences and those observed in the various bioaugmentation cultures (Table 3 and

Figure 1).




Results from the 16S rDNA clone library GenBank analysis suggests that most of the
Dehalococcoides spp. identified in the Seal Beach and bioaugmentation clone libraries
were most closely related to Dehalococcoides ethenogenes strain 195, or
Dehalococcoides sp. TM-EtOH (Table 2) with greater than 98-99% sequence similarity.
In addition, the ClustalW alignment conducted with the generated clone sequences and
two sequences published for the KB-1 culture (KB1-PCE and KB1-VC) suggests that all
of the 16S rDNA sequences evaluated were 97% or greater to eachother (Table 2). The
alignment shown in Figure 1 illustrates the DNA base pair differences between the
sequences by highlighting them in yellow. These data illustrate that the Dehalococcoides
spp. 16S rDNA sequences are highly similar, and while there are some regions between
different sequences that are significantly different, it would be difficult to distinguish
between the observed sequences found within the different bioaugmentation cultures and
those indigenous to the Seal Beach site by 16S rDNA molecular analysis alone.



Table 2. Genebank results for the bacterial 16S rDNA clone library results for the Seal

Beach site (EW70-01) sample and the bioaugmentation cultures BCI, and Shaw.

Name

EWO07-01#8

EW-70-01#6

EW-70-01#7

EW-70-01#2

EW-70-01#3

BCI #3

BCI #17

BCI#15

BCI#1

BCI#16

Shaw16s#1

Shaw16s#2

Shaw16s#3

Shaw16s#4

Accession Closest GenBank match Base pair % similarity

CP000027.1 Dehalococcoides ethenogenes 195, complete genome 1265/1281 (98%),
Dehalococcoides sp. TM-EtOH 16S ribosomal RNA

AY882433.1 gene, partial 1270/1279 (99%),
Dehalococcoides sp. TM-EtOH 16S ribosomal RNA

AY882433.1 gene, partial 1276/1278 (99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  1286/1292 (99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome ~ 1272/1275 (99%),
Uncultured Dehalococcoides sp. clone DHC-asd 16S

AF388530.1 ribosomal RNA 1266/1276(99%),
Dehalococcoides sp. TM-EtOH 16S ribosomal RNA

AY882433.1 gene, partial 1272/1277(99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  1271/1278 (99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  1256/1263 (99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  1273/1276 (99%

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  1006/1011 (99%),
Dehalococcoides sp. TM-EtOH 16S ribosomal RNA

AY882433.1 gene, partial 1277/1278 (99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  278/1279 (99%),

CP000027.1 Dehalococcoides ethenogenes 195, complete genome  1327/1331 (99%),




Table 3. Sequence Similarity of 16S rRNA gene sequences from BCI,
Shaw, KB-1 and EW70-01.

SegA Name Length(bp) SegB Name Length(bp) Score (%)
1 BCI#1 1388 2 BCI1#3 1386 97
1 BCI#1 1388 3 BCI1#15 1336 98
1 BCI#1 1388 4 BCI1#16 1388 98
1 BCI#1 1388 5 BCI#17 1386 98
1 BCI#1 1388 6 EW70-01#2 1388 98
1 BCI#1 1388 7 EW70-01#3 1388 98
1 BCI#1 1388 8 EW70-01#6 1386 98
1 BCI#1 1388 9 EW70-01#7 1387 98
1 BCI#1 1388 10 EW70-01#8 1373 98
1 BCI#1 1388 11  Shawl6s#1 1387 98
1 BCI#1 1388 12  Shawl6s#2 1388 98
1 BCI#1 1388 13  Shawl6s#3 1388 98
1 BCI#1 1388 14  Shawl6s#4 1279 98
1 BCI#1 1388 15 KB1-VC 1386 97
1 BCI#1 1388 16 KB1-PCE 1385 97
2 BCI#3 1386 3 BCI1#15 1336 98
2 BCI#3 1386 4 BCI1#16 1388 98
2 BCI#3 1386 5 BCI#17 1386 98
2 BCI#3 1386 6 EW70-01#2 1388 98
2 BCI#3 1386 7 EW70-01#3 1388 98
2 BCI#3 1386 8 EW70-01#6 1386 98
2 BCI#3 1386 9 EW70-01#7 1387 98
2 BCI#3 1386 10 EW70-01#8 1373 97
2 BCI#3 1386 11  Shawl6s#l1 1387 98
2 BCI#3 1386 12  Shawl6s#2 1388 98
2 BCI#3 1386 13  Shawl6s#3 1388 98
2 BCI#3 1386 14  Shawl6s#4 1279 98
2 BCI#3 1386 15 KB1l-VC 1386 98
2 BCI#3 1386 16 KB1-PCE 1385 98
3 BCI#15 1336 4 BCI1#16 1388 99
3 BCI1#15 1336 5 BCI1#17 1386 98
3 BCI#15 1336 6 EW70-01#2 1388 98
3 BCI#15 1336 7 EW70-01#3 1388 99
3 BCI#15 1336 8 EW70-01#6 1386 98
3 BCI1#15 1336 9 EW70-01#7 1387 99
3 BCI1#15 1336 10 EW70-01#8 1373 98
3 BCI#15 1336 11  Shawl6s#1 1387 98
3 BCI#15 1336 12  Shawl6s#2 1388 99
3 BCI#15 1336 13  Shawl6s#3 1388 99
3 BCI1#15 1336 14  Shawl6s#4 1279 99
3 BCI1#15 1336 15 KB1-VC 1386 97
3 BCI#15 1336 16  KB1-PCE 1385 97
4 BCI1#16 1388 5 BCI#17 1386 99
4 BCI1#16 1388 6 EW70-01#2 1388 99
4 BCI1#16 1388 7 EW70-01#3 1388 99
4 BCI#16 1388 8 EW70-01#6 1386 99
4 BCI#16 1388 ] EW70-01#7 1387 99
4 BCI1#16 1388 10 EW70-01#8 1373 98
4 BCI1#16 1388 11  Shawl6s#1 1387 99
4 BCI1#16 1388 12  Shawl6s#2 1388 99
4 BCI#16 1388 13  Shawl6s#3 1388 99
4 BCI#16 1388 14  Shawl6s#4 1279 99
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BCI#16

BCI#16

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

BCI#17

EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#2
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#3
EW70-01#6
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EW70-01#6
EW70-01#6
EW70-01#6
EW70-01#6
EW70-01#6
EW70-01#6
EW70-01#7
EW70-01#7
EW70-01#7
EW70-01#7
EW70-01#7
EW70-01#7
EW70-01#7
EW70-01#8
EW70-01#8
EW70-01#8
EW70-01#8
EW70-01#8
EW70-01#8
Shawl6s#1
Shawl6s#1
Shawl6s#1
Shawl6s#1

1388
1388
1386
1386
1386
1386
1386
1386
1386
1386
1386
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1386
1388
1388
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1388
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1388
1388
1388
1388
1388
1388
1388
1388
1388
1388
1388
1388
1386
1386
1386
1386
1386
1386
1386
1386
1387
1387
1387
1387
1387
1387
1387
1373
1373
1373
1373
1373
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1387

KB1-VC
KB1-PCE
EW70-01#2
EW70-01#3
EW70-01#6
EW70-01#7
EW70-01#8
Shawl6s#1
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
EW70-01#3
EW70-01#6
EW70-01#7
EW70-01#8
Shawl6s#1
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
EW70-01#6
EW70-01#7
EW70-01#8
Shawl6s#1
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
EW70-01#7
EW70-01#8
Shawl6s#1
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
EW70-01#8
Shawl6s#1
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
Shawl6s#1
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
Shawl6s#2
Shawl6s#3
Shawl6s#4
KB1-VC
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1388
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11
12
12
12
12
13
13
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14
14
15

Shawl6s#1
Shawl6s#2
Shawl6s#2
Shawl6s#2
Shawl6s#2
Shawl16s#3
Shawl6s#3
Shawl16s#3
Shawl6s#4
Shawl6s#4
KB1-VC

1387
1388
1388
1388
1388
1388
1388
1388
1279
1279
1386

16
13
14
15
16
14
15
16
15
16
16

KB1-PCE
Shawl6s#3
Shawl6s#4
KB1-VC
KB1-PCE
Shawl6s#4
KB1-VC
KB1-PCE
KB1-VC
KB1-PCE
KB1-PCE

1385
1388
1279
1386
1385
1279
1386
1385
1386
1385
1385

97
99
99
98
98
99
98
97
98
98
99




Figure 1. Sequence Alignment 16S rDNA for the Shaw, BCI, KB1 and EW70-01.

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl16s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

-CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
GCCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
—-——CTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-——-CTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-—-CCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
—~CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
—~CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
-CCCTTGATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGGGTCTTAAGCA-T

—-——CTTGATGAACGCTAGCGGCGTGCCTTATGCATGCGAGTCGAACGG-TCTTAAGCAAT
—————— GATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT
—————— GATGAACGCTAGCGGCGTGCCTTATGCATGCAAGTCGAACGG-TCTTAAGCAAT

*

TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAGCCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGAATAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAGCCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCTAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCAAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCGAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
TAAGA-TAGTGGCGAACGGGTGAGTAACGCGTAAGTAACCTACCTCTAAGTGGGGGATAG
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59
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56
56
57
58
58
58
58
58
58

56
53
53

117
118
117
115
115
117
117
117
117
117
117
117
61

115
112
112



EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI1#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1

CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGACTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTTGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTRATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCACTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGATGGGCTGACATAAGTCGGTTCATTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGGTGGGCCGACATATGTTGGTCCACTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGGTGGGCCGACATATGTTGGTTCACTAAAG
CTTCGGGAAACTGAAGGTAATACCGCATGTGGTGGACCGACATATGTTGGTTCACTAAAG

*xx *KxAh K KAxIAXKA Kk Khkk Kk Ak kAKk

CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTGAGGAATAAATAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGCAAGGTGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGTAAGGCGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGTAAGGCGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT
CCGTAAGGCGCTTGGTGAGGGGCTTGCGTCCG-ATTAGCTAGTTGGTGGGGTAATGGCCT

*KhAh KAhkAhk FAAAAAAAAXAAAAXAAAAAAdkx * X X% B R R e R e e

ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
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180
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BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16

ACCAAGGCTTCGATCGGTAGCTGATCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA
ACCAAGGCTTCGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACA

AEAEAEAEAAAALTAAAAAALAAAXAAAXA AXXAXAAXAXAAAXAAAALAAAXAAAALAAAXAAAALAAXAA XXX AX

CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAA----CGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGTCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGGAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA
CGGCCCAGACTCCTACGGGAGGCAGCAGCAAGGAATCTTGGGCAATGGGCGAAAGCCTGA

R o o R R AR SR R R AR AR R S SR S R R AR R A R R AR AR R ** kkikk Fhkikk

CCCAGCAACGCCGCGTGAGGGATGAAAGGCTTTCGGGTGTAAAACCTCTTTTCACAGGGA
CCCAGCACGCCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
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EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3

CCCAGCAACACCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCT-TTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCGCAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCACAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCATAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCATAGGGA
CCCAGCAACGCCGCGTGAGGGATGAA-GGCTTTCGGGTTGTAAACCTCTTTTCATAGGGA

AGAATAATGACGGTACCTGTGGAATAAGCCTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGTCGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
A-AATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA
AGAATAATGACGGTACCTGTGGAATAAGCTTCGGCTAACTACGTGCCAGCAGCCGCGGTA

ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
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410
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475
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475
475
475
419
473
470
470

532
536
535
533
533
535
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BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2

ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGGGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT
ATACGTAGGAAGCAAGCGTTATCCGGATTTATTGGGCGTAAAGTGAGCGTAGGTGGTCTT

xxxxxxxxxxxxxxx R o e e

TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
CCAAGTTGGATGTGAAATTTCCCGGCTTAGCCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGAATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGAGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATCCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGTGTCATTCAATACTGTTGGACT
TCAAGTTGGATGTGAAATTTCCCGGCTTAACCGGGACGAGTCATTCAATACTGTTGGACT
TCAAGTTGGA-GTGAAATTTCCCGGCTTAACCGGGACGAGTCATTCAATACTGTTGGACT

FhArhkkir K* FAEAAEAIXAAIAXAAIAXAAXxkhkxdx dhihdxhihdh *hihdxdh FhIxhidxhiixiiikikx

AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
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EW70-01#7
Shaw1l6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3

AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGTAAACGGAATTCCCGGTGTAGTGGTAAAATGCGKAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA
AGAGTACAGCAGGAGAAAACGGAATTCCCGGTGTAGTGGTAAAATGCGTAGATATCGGGA

KAEAAAXXAAXAXAAAXAKXAAXR AAXXAXAXAAAXAXAAXAXAAAXAXAAXAAAAXAXAAXAXAA XXX KXk k **

GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACGCTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAACGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT
GGAACACCAGAGGCGAAGGCGGTTTTCTAGGTTGTCACTGACACTGAGGCTCGAAAGCGT

*Kxx

GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGCAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
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BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI1#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI1#15
EW70-01#2

GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCATTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA
GGGGAGCGAACAGAATTAGATACTCTGGTAGTCCACGCCTTAAACTATGGACACTAGGTA

TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTATGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT
TAGGGAGTATCGACCCTCTCTGTGCCGAAGCTAACGCTTTAAGTGTCCCGCCTGGGGAGT

AEXAEEAAAALXAAAAAXAXAAXAAKAKA AAAXAXAAXAAAAXAAAXAAAAAAAXAAAAAAAXAAAAA XA XAAKX

ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAGCTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAGGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATCGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
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Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3

ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG
ACGGTCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGCGGAGCGTG

FhAKA KEAAKA AAXAAXAKAA A AAAXAAAAXAKAAXA AAXAAAXAAAAXAAAXAAAAAAAXAAAAAAAXAAK

TGGTTTAATTCGATGCTACACGAAGAACCCTACCAAGATTTGACATGCATGGAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACTAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAGCCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTCGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACAAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAAMCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCTAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGAAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGTAGTAGTGA
TGGTTTAATTCGATGCTACACGAAGAACCTTACCAAGATTTGACATGCATGTAGTAGTGA

*hkxk * ***k *hhkk FhkIAAxkhkiAXxhkik Fhihikihik

ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAGACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGATCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
ACCGAAAGGGAAACGACCTGTTAAGTCAGGAGTTTGCACAGGTGCTGCATGGCTGTCGTC
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KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl16s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

ACTGAAAGGGGAACGACCTGTTAAGTCAGGAACTTGCACAGGTGCTGCATGGCTGTCGTC
ACTGAAAGGGGAACGACCTGTTAAGTCAGGAACTTGCACAGGTGCTGCATGGCTGTCGTC

*hk Fhikkiik  FhiAhk Khkihkhk *x*x

AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGGGTTAAGTCCTGCAACGAGCGCAACCCCTTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG
AGCTCGTGCCGTGAGGTGTTTGG-TTAAGTCCTGCAACGAGCGCAACCC-TTGTTGCTAG

TTAAATTTTCTAGCGAGACTGCCCCGCGCAAACGGGGAGGAAGGTGGGGATGACATCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACCGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCGAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
TTAAATTTTCTAGCGAGACTGCCCCGCGAAACGGGGAGGAAGGTGGGGATGACGTCAAGT
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EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

AEXAEEAAAAXAAXAAAXAXAAXAKX AAXAAAXAAAAIAAAXAAAAXAAAAAAALAAAXAAAXAXA X *h *ik

CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCCTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAGCAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCCACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAGTAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC
CAGCATGGCCTTTATATCTTGGGCTACACACACGCTACAATGGACAGAACAATAGGTTGC

FhAIAAAIAAAIAAAIAAAIAXAhE dxkkhkdx dxhxIrdxhirdxhidxhidxihihihiikikikx **k Fhkikihkikkk

AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCGGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGTGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGCGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC
AACAGTGCGAACTGGAGCTAATCCCCAAAGCTGTCCTCAGTTCGGATTGCAGGCTGAAAC

1190
1194
1193
1193
1191
1193
1192
1193
1193
1193
1193
1193
1137
1191
1188
1187

1250
1254
1253
1253
1251
1253
1252
1253
1253
1253
1253
1253
1197
1251
1248
1247
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EW70-01#8
Shawl6s#1
BCI#1
BCI#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI1#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1
BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC
KB1-PCE

EW70-01#8
Shawl6s#1

CCGCCTGCATGAAGTTGGAGTTGCTAGTATCAGGATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCAAGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCATGGTGCGGTGAATACGT
CCGCCTGCATGAAGTTGGAGTTGCTAGTAACCGCATATCAGCATGGTGCGGTGAATACGT

* *

TCTCGGGCCTTG-ACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTG-ACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCT-GTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCT-GTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCT-GTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCT-GTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCC === === mm e e e o
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTG-ACACACCGCC———————————— = —
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT
TCTCGGGCCTTGTACACACCGCCCGTCACGTCATGAAAGCCGGTAACACTTGAAGTCGAT

KhAAkAAkhkkhAdh K Khkhkhkhhhiix

€ o ——— 1373
GTGCCAACC-AAGGG--- 1387

1310
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1311
1313
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1313
1313
1313
1313
1313
1257
1311
1308
1307

1369
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1373
1373
1370
1373
1371
1372
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1373
1336
1373
1279
1371
1368
1367
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BCI#1
BCI1#16
EW70-01#6
EW70-01#3
BCI#17
Shawl6s#2
EW70-01#7
Shawl6s#3
BCI#15
EW70-01#2
Shawl6s#4
BCI#3
KB1-VC

KB1-P

GTGCCAACC-AAGGGC--
GTGCCAACC-AAGGGC--
GTGCCAACC-AAGGGC--
GTGCCAACC-AAGGGC--
GTGCCAACC-AAGGGC--
GTGCCAACCCAAGGGC--
GTGCCAACC-AAGGGC--
GTGCCAACC-AAGGGC--

GTGCCAACC-AAGGGC--
GTGCCAACCGCAAGGAGG

1388
1388
1385
1388
1386
1388
1387
1388

1388

1386
1386
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vcrA Gene analysis. Quantitative PCR analysis suggested that the functional reductase
gene vcrA was not detected within the Seal Beach site 70 environmental sample, but was
present in high concentrations in all three bioaugmentation cultures. Therefore, this
reductase gene was identified as the preliminary target for tracking the growth and
transport of the bioaugmentation culture in the field. In order to determine if there are
significant differences between the vcrA gene sequences present within the
bioaugmentation cultures, clone libraries were constructed using vcrA-specific PCR
primers. First, PCR was performed using vcrA primers identified in Table 1 to generate
an approximately 1,400 bp PCR product of the vcrA gene in the Seal Beach Site 70
sample EW70-01, and bioaugmentation cultures Shaw and BCI. The Seal Beach Site 70
sample did not amplify, confirming that the vcrA gene was not detected using either the
QPCR or PCR protocols described. The BCI bioaugmentation culture, however, did not
amplify either. Therefore, while QPCR analysis identified high gene copy numbers of
vcrA within this culture, the long primer set used for the clone library construction did not
amplify, and therefore a clone library could not be constructed.

A clone library targeting vcrA was generated using the Shaw bioaugmentation culture,
and four clones were sequenced. The approximately 1400 bp DNA sequence obtained
from each clone was initially aligned against known sequences using the BLAST tool
(Table 4) in order to determine the closest match with sequences in the GenBank
database. In addition to the sequences obtained from the library, an alignment was
generated using a ClustalW algorithm (http://www.ebi.ac.uk/clustalw/ ) with published
sequence for vcrAKB1RdhAB14 vcrA from bioaugmentation culture KB-1, and from
Dehalococcoides strain VS (Table 4 and Figure 2). The GenBank alignment suggested
that all four Shaw vcrA sequences most closely matched the vcrA gene published for
Dehalococcoides strain VS with greater than 99% sequence similarity (Table 4).

Figure 2 illustrates the DNA sequence alignment for the Shaw vcrA clone sequences, and
the vcrA sequence from Dehalococcoides strain VS and the KB-1 vcrA published
sequence. All of the sequences evaluated were highly similar, with little distinction
between the different strains. These data will be archived and evaluated further should
indigenous strains of vcrA be detected in the field at Seal Beach following biostimulation,
but before bioaugmentation.

Table 4. Genebank results for the reductase gene vcrA clone library results for the Shaw
bioaugmentation culture.

Clone target Closest GenBank match % similarity Citation

Bacterium VS vinyl-

chloride reductive Muller, et al 2004
Shaw dehalogenase operon 1433/1442 AEM. 70 (8), 4880-
VCrA#2  VCrA AY322364.1] (99%) 4888

Bacterium VS vinyl-

chloride reductive Muller, et al 2004
Shaw dehalogenase operon 1384/1393 AEM. 70 (8), 4880-
VCrA#5  VCrA AY322364.1] (99%), 4888
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Bacterium VS vinyl-
chloride reductive

Muller, et al 2004

Shaw dehalogenase operon 1381/1391 AEM. 70 (8), 4880-
VCrA#1  vCcrA AY322364.1] (99%) 4888

Bacterium VS vinyl-

chloride reductive Muller, et al 2004
Shaw dehalogenase operon 1375/1381 AEM. 70 (8), 4880-
VCrA #3  VCrA AY322364.1] (99%) 4888
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Figure 2. Sequence alignment from Shaw and KB1 vcrA sequences and Strain VS.
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ShawvcrA#3
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———————————————— CTTCAGATGAGAATGTCAGGTGAAGAGCAAAAGAAGCGAATTTT
—————————————————— TCAGATGAGAATGTCAGGTGAAGAGCAAAAGAAGCGAATTTT
———————————————— CTTCAGATGAGAATGTCAGGTGAAGAGCAAAAGAAGCGAATTTT
——————— GGGCATAGGCTTCAGATGAGAATGTCAGGTGAAGAGCAAAAGAAGCGAATTTT
ATCATGGGGCAATAGGCTTCAGGTGAGAATGTCAGGTGAAGAGCAAAAGAAGCGAATTTT
ATCATGGGGCAATAGGCTTCAGATGAGAATGTCAGGTGAAGAGCAAAAGAAGCGAATTTT

E o o I S e e

GGCCGCTAAAAAAGAGAGKTTCCCTGGTTGGGACGGTGGGTTACACGGGAGAGGGGATCA
GGCCGCCAAAAAAGAGAGGTTCCCTGGTTGGGACGGTGGGTTACACGGGAGAGGGGATCA
GGCCGCTAAAAAAGAGAGGTTCCCTGGTTGGGACGGTGGGTTACACGGGAGAGGGGATCA
GGCCGCTAAAAAAGAGAGGTTCCCTGGTTGGGACGGTGGGTTACACGGGAGAGGGGATCA
GGCCGCTAAAAAAGAGAGGTTCCCTGGTTGGGACGGTGGGTTACACGGGAGAGGGGATCA
GGCCGCTAAAAAAGAGAGGTTCCCTGGTTGGGACGGTGGGTTACACGGGAGAGGGGATCA

GCGGGCGGATGCACTATTTTACGCAGTAACTCAACCATTTCCTGGTAGTGGTGAGGAAGG
GCGGGCGGATGCACTATTTTACGCAGTAACTCAACCATTTCCTGGTAGTGGTGAGGAAGG
GCGGGCGGATGCACTATTTTACGCAGTAACTCAGCCACTTCCTGGTAGTGGTGAGGAAGG
GCGGGCGGATGCACTATTTTACGCAGTAACTCAACCATTTCCTGGTAGTGGTGAGGAAGG
GCGGGCGGATGCACTATTTTACGCAGTAACTCAACCATTTCCTGGTAGTGGTGAGGAAGG
GCGGGCGGATGCACTATTTTACGCAGTAACTCAACCATTTCCTGGTAGTGGTGAGGAAGG

*x*k

GCACGGACTATTCCAACCTTATCCTGATCAACCCGGTAAGTTTTACGCGAGATGGGGTTT
GCACGGACTATTCCAACCTTATCCTGATCAACCCGGTAAGTTTTACGCGAGATGGGGTTT
GCACGGACTATTCCAACCTTATCCTGATCAACCCGGTAAGTTTTACGCGAGATGGGGTTT
GCGCGGACTATTCCAACCTTATCCTGATCAACCCGGTAAGTTTTACGCGAGATGGGGTTT
GCACGGACTATTCCAACCTTATCCTGATCAACCCGGTAAGTTTTACGCGAGATGGGGTTT
GCACGGACTATTCCAACCTTATCCTGATCAACCCGGTAAGTTTTACGCGAGATGGGGTTT

*x

GTATGGTCCGCCACATGATTCAGCGCCACCTGATGGGAGCGTACCAAAATGGGAGGGTAC
GTATGGTCCGCCACGTGATTCAGCGCCACCTGATGGGAGCGTACCAAAATGGGAGGGTAC
GTATGGTCCGCCACATGATTCAGCGCCACCTGATGGGAGCGTACCAAAATGGGAGGGTAC
GTATGGTCCGCCACATGATTCAGCGCCACCTGATGGGAGCGTACCAAAATGGGAGGGTAC
GTATGGTCCGCCACATGATTCAGCGCCACCTGATGGGAGCGTACCAAAATGGGAGGGTAC
GTATGGTCCGCCACATGATTCAGCGCCACCTGATGGGAGCGTACCAAAATGGGAGGGTAC

AAEEAAAEAAAAAEAAXA AAAAAAAAAAAAAAAXAAAXAXAXAAAXAAAAXAAAAXAAAXXAAAddxAhhik

44

44
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292

104
102
104
113
1020
352

164
162
164
173
1080
412

224
222
224
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1140
472

284
282
284
293
1200
532
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ShawvcrA#3
ShawvcrA#5

TCCAGAAGACAATTTTCTAATGCTGAGGGCAGCTGCAAAATATTTTGGTGCTGGTGGCGT
TCCAGAAGACAATTTTCTAATGCTGAGGGCAGCTGCAAAATATTTTGGTGCTGGTGGCGT
TCCAGAAGACAATTTTCTAATGCTGAGGGCAGCTGCAAAATATTTTGGTGCTGGTGGCGT
TCCAGAAGACAATTTTCTAATGCTGAGGGCAGCTGCAAAATATTTTGGTGCTGGTGGCGT
TCCAGAAGACAATTTTCTAATGCTGAGGGCAGCTGCAAAATATTTTGGTGCTGGTGGCGT
TCCAGAAGACAATTTTCTAATGCTGAGGGCAGCTGCAAAATATTTTGGTGCTGGTGGCGT

TGGTGCTCTTAACCTGGCAGATCCCAAATGCAAAAAACTAATATATAAGAAAGCTCAGCC
TGGTGCTCTTAACCTGGCAGATCCCAAATGCAAAAAACTAATATATAAGAAAGCTCAGCC
TGGTGCTCTTAACCTGGCAGATCCCAAATGCAAAAAACTAATATATAAGAAAGCTCAGCC
TGGTGCTCTTAACCTGGCAGATCCCAAATGCAAAAAACTAATATATAAGAAAGCTCAGCC
TGGTGCTCTTAACCTGGCAGATCCCAAATGCAAAAAACTAATATATAAGAAAGCTCAGCC
TGGTGCTCTTAACCTGGCAGATCCCAAATGCAAAAAACTAATATATAAGAAAGCTCAGCC

GATGACTCTAGGAAAAGGAACATACAGTGAAATAGGTGGACCAGGAATGATCGATGCAAA
GATGACTCTAGGAAAAGGAACATACAGTGAAATAGGTGGACCAGGAATGATCGATGCAAA
GATGACTCTAGGAAAAGGAACATACAGTGAAATAGGTGGACCAGGAATGATCGATACAAA
GATGACTCTAGGAAAAGGAACATACAGTGAAATAGGTGGACCAGGAATGATCGATGCAAA
GATGACTCTAGGAAAAGGAACATACAGTGAAATAGGTGGACCAGGAATGATCGATGCAAA
GATGACTCTAGGAAAAGGAACATACAGTGAAATAGGTGGACCAGGAATGATCGATGCAAA

AAEEAAEAEAAAAAAAAAAAAAAAXAAAAXAAAAXAAAAXAAAAXAAAAXAAAAXXAAkXdkhkhdx Kdkhkxk

ATTTTATCCCAGGGTTCCTGACCATGCCGTACCTATTAACTTTAAGGAAGCGGATTATAG
ATTTTATCCCAAGGTTCCTGACCATGCCGTACCTATTAACTTTAAGGAAGCGGATTATAG
ATTTTATCCCAAGGTTCCTGACCATGCCGTACCTATTAACTTTAAGGAAGCGGATTATAG
ATTTTATCCCAAGGTTCCTGACCATGCCGTACCTATTAACTTTAAGGAAGCGGATTATAG
AATTTATCCCAAGGTTCCTGACCATGCCGTACCTATTAACTTTAAGGAAGCGGATTATAG
ATTTTATCCCAAGGTTCCTGACCATGCCGTACCTATTAACTTTAAGGAAGCGGATTATAG

E I b b o I e *

CTACTACAATGATGCAGAGTGGGTTATTCCAACAAAGTGTGAATCCATTTTCACTTTCAC
CTACTACAATGATGCAGAGTGGGTTATTCCAACAAAGTGTGAATCCATTTTCACTTTCAC
CTACTACAATGATGCAGAGTGGGTTATTCCAACAAAGTGTGAATCCATTTTCACTTTCAC
CTACTACAATGATGCAGAGTGGGTTATTCCAACAAAGTGTGAATCCATTTTCACTTTCAC
CTACTACAATGATGCAGAGTGGGTTATTCCAACAAAGTGTGAATCCATTTTCACTTTCAC
CTACTACAATGATGCAGAGTGGGTTATTCCAACAAAGTGTGAATCCATTTTCACTTTCAC

CCTACCTCAACCACAAGAACTCAATAAGAGGACGGGTGGTATAGCAGGTGCTGGATCATA
CCTACCTCAACCACAAGAACTCAATAAGAGGACGGGTGGTATAGCAGGTGCTGGATCATA
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464
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1380
712
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584
582
584
593
1500
832
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642
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ShawvcrA#3
ShawvcrA#5
ShawvcrA#1
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CCTACCTCAACCACAAGAACTCAATAAGAGGACGGGTGGTATAGCAGGTGCTGGATCATA
CCTACCTCAACCACAAGAACTCAATAAGAGGACGGGTGGTATAGCAGGTGCTGGATCATA
CCTACCTCAACCACAAGAACTCAATAAGAGGACGGGTGGTATAGCAGGTGCTGGATCATA
CCTACCTCAACCACAAGAACTCAATAAGAGGACGGGTGGTATAGCAGGTGCTGGATCATA

TACTGTATACAAAGATTTCGCTAGGGTAGGCACTTTAGTCCAAATGTTTATTAAGAATCT
TACTGTATACAAAGATTTCGCTAGGGTAGGCACTTTAGTCCAAATGTTTATTAAGAATCT
TACTGTATACAAAGATTTCGCTAGGGTAGGCACTTTAGTCCAAATGTTTATTAAGAATCT
TACTGTATACAAAGATTTCGCTAGGGTAGGCACTTTAGTCCAAATGTTTATTAAGAATCT
TACTGTATACAAAGATTTCGCTAGGGTAGGCACTTTAGTCCAAATGTTTATTAAGTATCT
TACTGTATACAAAGATTTCGCTAGGGTAGGCACTTTAGTCCAAATGTTTATTAAGAATCT

AGGTTATCACGCTTTATATTGGCCAATTGGATGGGGACCGGGTGGTTGCTTTACCACTTT
AGGTTATCACGCTTTATATTGGCCAATTGGATGGGGACCGGGTGGTTGCTTTACCACTTT
AGGTTATCACGCTTTATATTGGCCAATTGGATGGGGACCGGGTGGTTGCTTTACCACTTT
AGGTTATCACGCTTTATATTGGCCAATTGGACGGGGACCGGGTGGTTGCTTTACCACTTT
AGGTTATCACGCTTTATATTGGCCAATTGGATGGGGACCGGGTGGTTGCTTTACCACTTT
AGGTTATCACGCTTTATATTGGCCAATTGGATGGGGACCGGGTGGTTGCTTTACCACTTT

AAEEAAAEAAAAAAAAXAAAAXAAAXAXAAAAXAKAAAKX AAXAAAAXAAAAXAAAAkddxAhAdhhAhkdhhiik

TGACGGGCAAGGTGAACAGGGTAGAACAGGTGCTGCTATCCATTGGAAGTTTGGTTCTTC
TGACGGGCAAGGTGAACAGGGTAGAACAGGTGCTGCTATCCATTGGAAGTTTGGTTCTTC
TGACGGGCAAGGTGAACAGGGTAGAACAGGTGCTGCTATCCATTGGAAGTTTGGTTCTTC
TGACGGGCAAGGTGAACAGGGTAGAACAGGTGCTGCTATCCATTGGAAGTTTGGTTCTTC
TGACGGGCAAGGTGAACAGGGTAGAACAGGTGCTGCTATCCATTGGAAGTTTGGTTCTTC

AR S S S

ACAACGTGGTTCTGAAAGAGTAGTAA-CTGATTTACCGATAGCTCCTACCCCGCCAATTG
ACAACGTGGTTCTGAAAGAGTAGTAA-CTGATTTACCGATAGCTCCTACCCCGCCAATTG
ACAACGTGGTTCTGAAAGAGTAGTAA-CTGATTTACCGATAGCTCCTACCCCGCCAATTG
ACAACGTGGTTCTGAAAGAGTAGTAAACTGATTTACCGATAGCTCCTACCCCGCCAATTG
ACAACGTGGTTCTGAAAGAGTAATAA-CTGATTTACCGATAGCTCCTACCCCGCCAATTG
ACAACGTGGTTCTGAAAGAGTAGTAA-CTGATTTACCGATAGCTCCTACCCCGCCAATTG

*xxk

ATGCAGGTATGTTT-GAGTTTTGCAAAACCTGTCATATATGCCGTGACGTTTGCGTCTCT
ATGCAGGTATGTTTTGAGTTTTGCMAAACCTGTCATATATGCCGTGACGTTTGCGTCTCT
ATGCAGGTATGTTT-GAGCTTTGCAAAACCTGTCATATATGCCGTGACGTTTGCGTCTCT
ATGCAGGTATGTTT-GAGTTTTGCAAAACCTGTCATATATGCCGTGACGTTTGCGTCTCT
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ATGCAGGTATGTTT-GAGTTTTGCAAAACCTGTTATATATGCCGTGACGTTTGCGTCTCT
ATGCAGGTATGTTT-GAGTTTTGCAAAACCTGTTATATATGCCGTGACGTTTGCGTCTCT

*xx

GGGGGTGTGCACCAAGAAGACGAACCAACTTGGGATTCAGGTAATTGGTGGAATGTACAA
GGGGGTGTGCACCAAGAAGACGAACCAACTTGGGATTCAGGTAATTGGTGGAATGTACAA
GGGGGTGTGCACCAAGAAGACGAACCAACTTGGGATTCAGGTAATTGGTGGAATGTACAA
GGGGGTGTGCACCAAGAAGACGAACCAACTTGGGATTCAGGTAATTGGTGGAATGTACAA
GGGGGTGTGCACCAAGAAGACGAACCAACTTGGGATTCAGGTAATTGGTGGAATGTACAA
GGGGGTGTGCACCAAGAAGACGAACCAACTTGGGATTCAGGTAATTGGTGGAATGTACAA

GGATATCTCGGCTACCGAACGGATTGGAGTGGTTGCCATAACCAGTGCGGTATGTGTCA-
GGATATCTCGGCTACCGAACGGATTGGAGTGGTTGCCATAACCAGTGCGGTATGTGTCA-
GGATATCTCGGCTACCGAACGGATTGGAGTGGTTGCCATAACCAGTGCGGTATGTGTCA-
GGATATCTCGGCTACCGAACGGATTGGAGTGGTTGCCATAACCAGTGCGGTATGTGTCAC
GGATATCTCGGCTACCGAACGGATTGGAGTGGTTGCCATAACCAGTGCGGTATGTGTCA-
GGATATCTCGGCTACCGAACGGATTGGAGTGGTTGCCATAACCAGTGCGGTATGTGTCA-

ATCCTCCTGCCCTTTTACTTATTTAGGTTTGGAAAATGCTTCATTAGTGCACAAAATAGT
ATCCTCCTGCCCTTTTACTTATTTAGGTTTGGAAAATGCTTCATTAGTGCACAAAATAGT
ATCCTCCTGCCCTTTTACTTATTTAGGTTTGGAAAATGCTTCATTAGTGCACAAAATAGT
ATCCTCCTGCCCTTTTACTTATTTAGGTTTGGAAAATGCTTCATTAGTGCACAAAATAGT
ATCCTCCTGCCCTTTTACTTATTTAGGTTTGGAAAATGCTTCATTAGTGCACAAAATAGT
ATCCTCCTGCCCTTTTACTTATTTAGGTTTGGAAAATGCTTCATTAGTGCACAAAATAGT

AAEEAAAEAEAAAAAAAXAAAAXAAAAXAAAAXAAAAXAAAAXAAAAXAAAAXAAAkddhAhkdhhhkhhhihiki

AAAAGGTGTTGTTGCTAACACGACTGTTTTTAATAGTTTTTTTACCAATATGGAGAAAGC
AAAAGGTGTTGTTGCTAACACGACTGTTTTTAATAGTTTTTTTACCAATATGGAGAAAGC
AAAAGGTGTTGTTGCTAACACGACTGTTTTTAATAGTTTTTTTACCAATATGGAGAAAGC
AAAAGGTGTTGTTGCTAACACGACTGTTTTTAATAGTTTTTTTACCAATATGGAGAAAGC
AAAAGGTGTTGTTGCTAACACGACTGTTTTTAATAGTTTTTTTACCAATATGGAGAAAGC
AAAAGGTGTTGTTGCTAACACGACTGTTTTTAATAGTTTTTTTACCAATATGGAGAAAGC

ATTAGGATATGGTGATTTAACCATGGAAAATTCTAACTGGTGGAAAGAAGAAGGACCGAT
ATTAGGATATGGTGATTTAACCATGGAAAATTCTAACTGGTGGAAAGAAGAAGGACCGAT
ATTAGGATATGGTGATTTAACCATGGAAAATTCTAACTGGTGGAAAGAAGAAGGACCGAT
ATTAGGATATGGTGATTTAACCATGGAAAATTCTAACTGGTGGAAAGAAGAAGGACCGAT
ATTAGGATATGGTGATTTAACCATGGAAAATTCTAACTGGTGGAAAGAAGAAGGACCGAT
ATTAGGATATGGTGATTTAACCATGGAAAATTCTAACTGGTGGAAAGAAGAAGGACCGAT
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ShawvcrA#2
OperonfromStrainVs
vcrAKB1RdhAB14

ShawvcrA#3
ShawvcrA#5
ShawvcrA#1
ShawvcrA#2
OperonfromStrainVs
vcrAKB1RdhAB14

ShawvcrA#3
ShawvcrA#5
ShawvcrA#1l
ShawvcrA#2
OperonfromStrainVs
vcrAKB1RdhAB14

ATACGGCTTTGATCCCGGTACTTAGAAATAGATACTAAATTCGATAGAAAATAAAGGAAA
ATACGGCTTTGATCCCGGTACTTAGAAATAGATACTAAATTCGATAGAAAATAAAGGAAA
ATACGGCTTTGATCCCGGTACTTAGAAATAGATACTAAATTCGATAGAAAATAAAGGAAA
ATACGGCTTTGATCCCGGTACTTAGAAATAGATACTAAATTCGATAGAAAATAAAGGAAA
ATACGGCTTTGATCCCGGTACTTAGAAATAGATACTAAATTCGATAGAAAATAAAGGAAA
ATACGGCTTTGATCCCGGTACTTAG-—=—==———=—— === ———

TTGAAATGGATGCTATATATTTTTTCTTAACAATTGCATTAGCAGTTGGACTAACTATGC
TTGAAATGGATGCTATATATTTTTTCTTAACAATTGCATTAGCAGTTGGACTAACTATGC
TTGAAATGGATGCTATATATTTTTTCTTAACAATTGCAKTAGCAGTTGGACTAACTATGC
TTGAAATGGATGCTATATATTTTTTCTTAACAATTGCATTAGCAGTTGGACTAACTATGC
TTGAAATGGATGCTATATATTTTTTCTTAACAATTGCATTAGCAGTTGGACTAACTATGC

TATTTACCTGGTTTAAAAAGAATAATATCACTTTAAAGTGGAATGAGTGGGTACTTG-CA
TATTTACCTGGTTTAAAAAGAATAATATCACTTTAAAGTGGAATGAGTGGGTACTTG-CA
TATTTACCTGGTTTAAAAAGAATAATATCACTTTAAAGTGGAATGAGTGGGTACTTG-CA
TATTTACCTGGTTTAAAAAGAATAATATCACTTTAAAGTGGAATGAGTGGGTACTTG-CA
TATTTACCTGGTTTAAAAAGAATAATATCACTTTAAAGTGGAATGAGTGGGTACTTGGCA

TATTGGGGCTGTTACAAGGGC ——— ——mmmmm e
TATTGGGGCTGTTAAGGGGGTAATCTTGGGCATATCTGTTTCCTGAG-———===—=—=————
TATTGGGGCTGTTACAAGGGC— === = — e e e
TATTGGGGCTGTTACAAGGGC-——— = — e e
TATTGGGGCTGTTACTAGCTTTGTTTGCTATTCAACACACATATGCCAGTGCTACATATG

1301
1300
1301
1312
2217
1514

1361
1360
1361
1372
2277

1420
1419
1420
1431
2337

1441
1466
1441
1452
2397
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Appendix E
Well Logs and Well Completion Information



Appendix E.1
Lithologic Logs



Boring/ Well No.: Ew \ Site/Location: Naval Weapons Station, Seal Beach
Client: NFESC (Naval Facilities Eng. Serv. Ctr.) [Project No.: 50999-56254-6225.001.TK4.EQUIP Page _\ of L
Drill Contractor: RSI Drilling Drill Method: Hollow Stem Auger Elevation:
Date Started: al\\z|oT Sampling Method: CA-Modified Split Spoon — C._
Date Ended: A | v \(3’[ Total Depth: Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow |Recovery| PID 5 g Well Construction
(feet) | Count (feet) | (ppm) ok i Detail
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BORING LOG AND SAMPLING RECORD




Boring/ Well No.:

AEW \

Site/Location: Naval Weapons Station, Seal Beach

Client: NFESC (Naval Facilities Eng. Serv. Ctr.)

Project No.: 50999-56254-6225.001.TK4.EQUIP

Page D of 2

Drill Contractor: RSI Drilling

Drill Method: Hollow Stem Auger

Elevation:

Date Started: @ ‘ 12 \on

Sampling Method: CA-Modified Split Spoon

qo_

C)\FC»\}Q\ ‘_) Lo A '

2A-YO' - S \or {0 25307

55 e B ok \oote R 3 7,5 OX ‘\0059
T 0. & Lt

Date Ended: <& {17 |6 Total Depth: Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow [Recovery| PID T Well Construction
D
(feet) | Count | teet) | pprod} VO escription Detail
= \‘J) 55—" 77,_1 “AND o Tecoueay \{ =7 S\\\ 7
. 8.7 21—39" " A i b =
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BORING LOG AND SAMPLING RECORD




Boring/ Well No.:

ALWZ

Site/Location: Naval Weapons Station, Seal Beach

Client: NFESC (Naval Facilities Eng. Serv. Ctr.)

Project No.: 50999-56254-6225.001.TK4.EQUIP

Page \ of -

Drill Contractor: RSI Drilling

Drill Method: Hollow Stem Auger

Elevation:

Date Started: 9\ \\\ |27 Sampling Method: CA-Modified Split Spoon
Date Ended: A\uw|oN Total Depth: %5 |\ A,Wj{’ Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow |[Recovery| PID s e Well Construction
(feet) | Count (feet) | (ppm) uses Demerighon Detail
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BORING LOG AND SAMPLING RECORD




Boring/ Well No.: Ajﬁ W - Site/Location: Naval Weapons Station, Seal Beach
Client: NFESC (Naval Facilities Eng. Serv. Ctr.) |Project No.: 50999-56254-6225.001. TK4.EQUIP Page 7 of )
_ |Drill Contractor: RSI Drilling Drill Method: Hollow Stem Auger Elevation:
Date Started: alu lon Sampling Method: CA-Modified Split Spoon
Date Ended: A \or Total Depth: 35, \ Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow |Recovery| PID - Well Construction
(feet) | Count | (feet) | (ppm) Bece Vssapatn Detail
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Boring/ Well No.: P\ TWwW \ Site/Location: Naval Weapons Station, Seal Beach
Client: NFESC (Naval Facilities Eng. Serv. Ctr.) |Project No.: 50999-56254-6225.001.TK4.EQUIP Page _7Z of o
= Drill Contractor: RSI Drilling Drill Method: Hollow Stem Auger Elevation:
[Date Started: A [ ' o7 Sampling Method: CA-Modified Split Spoon
Date Ended: A\ \oloM Total Depth: 3¢ Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow |Recovery| PID o Well Construction
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Boring/ Well No.:

AT\ \

Site/Location: Naval Weapons Station, Seal Beach

Client: NFESC (Naval Facilities Eng. Serv. Ctr.)

Project No.: 50999-56254-6225.001.TK4.EQUIP

Page |  of ~

Drill Contractor: RSI Drilling

Drill Method: Hollow Stem Auger

Elevation:

Date Started:

ST \on

Sampling Method: CA-Modified Split Spoon

IDate Ended: Total Depth: 2= 44, by [Remarks:
On-site Geologist: Kristeen Bennett Depth to Water: -
Depth | Blow [Recovery| PID "y Well Constructién
(feet) | Count (feet) | (ppm) HEES Desgupiie Detail
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Boring/ Well No.: ACwWL Site/Location: Naval Weapons Station, Seal Beach
Client: NFESC (Naval Facilities Eng. Serv. Ctr.) |Project No.: 50999-56254-6225.001.TK4.EQUIP Page | of 2
_ |{Prill Contractor: RSI Drilling Drill Method: Hollow Stem Auger Elevation:
Date Started: 7 \\\\0- Sampling Method: CA-Modified Split Spoon
Date Ended: A \1\2.|61 Total Depth: Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow |Recovery| PID USCS Descsiption Well Const-ructlon
(feet) | Count (feet) | (ppm) Detail
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CDM BORING LOG AND SAMPLING RECORD




Boring/ Well No.: A Lo L~

Site/Location: Naval Weapons Station, Seal Beach

Client: NFESC (Naval Facilities Eng. Serv. Ctr.)

Project No.: 50999-56254-6225.001.TK4.EQUIP

Page 77 of

Drill Contractor: RSI Drilling

Drill Method: Hollow Stem Auger

Elevation:

Date Started: A\ wlom Sampling Method: CA-Modified Split Spoon
Date Ended: al\zle Total Depth: 3¢ 14\ . |Remarks:
On-site Geologist: Kristeen Bennett Depth to Water:
Depth | Blow [Recovery| PID USCS Déscription Well Const'ructlon
(feet) | Count (feet) | (ppm) Detail
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Appendix E.2
Phase | Well Logs



111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AEW1
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/12/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" Stainless Steel Wire Wrap/0.010-slot
SAMPLING METHOD 4' Split Spoon-Continuous Core GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID BLOW 'E gl % Q 2 'E
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ng | 5 |& oo
= Q] O
| —
4" Asphalt cored (18" diameter) 0.3 |[_m=—r—Top of casing
| _ removed for
Hand augered to 5 feet bgs for utility clearance. pump
4 - ~4' of road base (Silty Sand-Gravel mixture) installation.
—4" PVC slip cap
— A _________40 % Borehole
/ 4-7.5: CLAY: Black (7.5YR2.5/1); 85% moderately plastic ; —qqn
: ) Diameter = 11
15— clay; 10% fine to coarse, subangular, poorly graded sand,
2.3 NM 56"/60" 5% micaceous silt; moist.
10.0 _ -
245
2.4 b - % Neat Cement
Lo . . Grout
i _ 7.5-10: similar to above with change in color to very dark
CL grayish brown (2.5Y3/2) with organic material and light
4 _ gray (2.5Y7/1) clay "balls." 125 feet of 4"
Sch 40 PVC
39 | nm | ssueor 10T 10-12.5: Similar to above Blank Riser
18.3 - - Hydrated
5.0 PureGold
66.0 N - Medium
1 125 Bortonite Chi
1 /| " 12.5-15. SANDY CLAY: Dark grayish brown (2.5Y4/2); entonite Lhips
60% moderately plastic clay; 30% fine, subround, well
4 _ g graded sand; 10% micaceous silt; some laminar bedding;
/ iron oxide mottling; organic debris. g
waqe T 15— i - #2/16 Monterey
2.7 NM 60"/60 ' 15-19.5: Similar to above Sand Filter
4.2 b - Pack
1.8 SC
3.7 ] -
— - — 20 feet of 4"
Stainless Steel
N - 0.010-slot Wire
1o 7/7  19.5-20: VERY CLAYEY SAND: Dark olive gray (5Y3/2); . |20.0 wrap Screen.
7.4 NM 48"/60" 1] \ 55% fine to medium sand, subround, poorly graded; 35% Couplings
7.4 4 - -1 \plastic clay; 10% micaceous silt; wet, _ __ ping
1.2 ] 20-25: SILTY SAND: Olive gray (5Y4/2); 65% fine to
7.2 4 - medium sand, subround, well graded; 25% micaceous silt;
SN 10% plastic clay; laminar bedding; wet.
wn 25— SM [|]: I - _
0.2 NM 31"/60 R EK A 25-30: Similar to above with increasing silt and wet.
1.4 i _ Eap
21
03 - - - #2/16 Monterey
Sand Filter
. - Pack
130 S I 30.0
Continued Next Page
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PROJECT NUMB
PROJECT NAME

ER 50999-56254-6225.001.TK4.EQUIP

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

BORING/WELL CONSTRUCTION LOG

Fax: (949) 725-3907

BORING/WELL NUMBER AEW1

Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/12/07

Continued from Previous Page

~1| . =
PID | BLOW 'E gl (E) Q 2 'E
RECOVERY 2l 0 | =
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |&x [o)a)
= Q] O
1.3 NM 37"/60" 30-32: No Recovery (Silt?) N
8.7 4 - "4 #2/16 Monterey
Sand Filter
O S 320 o
32-34: GRAVELLY CLAY: Olive (5Y4/3); 50% plastic clay;
4 _ 25% fine to medium, subangular to subround gravel; 15%
micaceous silt; 10% fine to coarse, subangular to
. /4 _subround, poorly graded sand; saturated. _ _ _ _ _ _ _ _ 340
34-35: Similar to 25-30'.
435 35.0 Welded
Stainless Steel
_ bottom plate
Slough
B Total Depth of Borehole: 35 feet bgs
_ Total Depth of Well: 34.7 feet bgs
40 -
45 —
50 -
55 -
60 —

PAGE 2 OF 2
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Irvine, CA 92617

Fax: (949) 725-39

PROJECT NUMBER

Phone: (949) 752-5452

50999-56254-6225.001.TK4.EQUIP

111 Academy, Suite 150

07

BORING/WELL NUMBER AEW2

PROJECT NAME

Naval Weapons Station-Se

BORING/WELL CONSTRUCTION LOG

al Beach, Site 70 DATE DRILLED 9/11/07

LOCATION

Naval Weapons Station-Seal Beach

CASING TYPE/DIAMETER

DRILLING METHOD

CME 75 Hollow Stem Auger

4" Schedule 40 PVC

SCREEN TYPE/SLOT

SAMPLING METHOD

4' Split Spoon-Continuous Core

4" Stainless Steel Wire Wrap/0.010-slot

GRAVEL PACK TYPE #2/16 Monterey Sand

GROUND SURFACE ELEVATION (FT MSL)

GROUT TYPE/QUANTITY

TOP OF CASING ELEVATION (FT MSL)

Neat Cement Grout / Medium Bentonite Ch

STATIC WATER LEVEL (FT BELOW TOC)

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID | BLOW [RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & sl o |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
oL | 5 % on
= o
| —
3" Asphalt cored (18" diameter) 0.3 |[_m=—r—Top of casing
| _ removed for
Hand augered to 5 feet bgs for utility clearance. pump
4 _ ~7.5' of road base (Silty Sand-Gravel mixture) installation.
—4" PVC slip cap
— - % Borehole
Diameter = 11"
0.2 NM 36"60" | °
0.2 ] -
0.2
400 b - 75 % Neat Cement
i SP |-~ |~ 7.5-8.0: CLAYEY SILTY SAND: Dark brown (10YR3/3);  , [8.0 Grout
17\ 60% fine to coarse, subangular to subround, poorly /
4 _ \ graded sand; 15% micaceous silt; 15% plastic clay; 10% / 125 feet of 4"
\fine to medium, subangular gravel; moist._ _ _ _ _ _ _ Sch 40 PVC
4 10— 8-12.5: SILTY CLAY: Black (10YR2/1); 85% moderately Blank Riser
0.2 NM 60"/60" CH plastic clay; 15% micaceous silt; moist; organic material;
0.2 ] - worm casings. Hydrated
0.2 PureGold
>3 1 125 Medium
1 /" 12518 SANDY CLAV: Daik grayish brown (10VR42), | Bentonite Chips
65% moderately plastic clay; 25% fine to medium,
4 _ subangular to subround, poorly graded sand; 10%
micaceous silt; trace organic material; iron oxide mottling, -
weqn 15— especially near sands. - 4&#2/16 Monterey
02 | NM ) 53760 Sand Filter
: . - Pack
0.7 CH
0.2 ] -
1 - /] 18:20: VERY SANDY CLAY: Very pale brown (10YR8/2); |15.7 A et o e
4 _ 65% platy, plastic clay; 30% fine to coarse, poorly graded, 0.010-slot Wire
7 subangular sand; 5% micaceous silt; moist. 19.7 Wrap Screen
+20 41 _3"layer of Olive (5Y5/3) micaceous silt @ 18.5' and 19.5._ _ 120.0 with Threaded
5.2 NM 42"/60" o] 20-23.5: SILTY SAND: Olive (5Y4/4); 80% fine to medium, Couplings
16.0 4 _ Sorf well graded, subangular to subround sand; 15%
124 os.]-||  micaceous silt; 5% plastic clay; saturated; some iron oxide
0.3 4 | SW it mottling.
SM (..
1 - N ] 235
i _ 23.5-25: SANDY SILT: Olive (5Y4/3); 70% micaceous silt;
| 25% fine, subround, well graded sand; 5% plastic clay;
T25— wet. o . N
0.2 NM 48"/60" 25-30: Similar to above w/ increasing fine sand.
0.3 ] -
0.0 e
16.9 4 = SMIE = #2/16 Monterey
Sand Filter
. - XK Pack
1 - 14— _Caliche nodule(s) from 29-293._ /—22'2
T30 Continued Next Page .
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PROJECT NUMB
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

ER 50999-56254-6225.001.TK4.EQUIP

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER AEW2

Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/11/07

Continued from Previous Page

~1| . =
PID BLOW |RECOVERY 'E g2 LE)@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E % WELL DIAGRAM
g | 5 |& [e)a)
= (O] O
0.5 NM 60"/60" 30-35: Similar to above with laminar bedding from 34'-35'. N
0.2 4 - “4& #2/16 Monterey
2.5 Sand Filter
33 4 - R Pack
SM
35.0
T35 - Slough
Welded
B Stainless Steel
_ bottom plate
Total Depth of Boring = 35 feet bgs (with slough)
_ Total Depth of Well = 35.3 feet bgs
40 -
45 —
50 -
55 -
60 -

PAGE 2 OF 2




SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

PROJECT NUMBER
PROJECT NAME
LOCATION

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER Alw1l

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 9/10/07

Naval Weapons Station-Seal Beach

CASING TYPE/DIAMETER

DRILLING METHOD
SAMPLING METHOD
GROUND SURFACE ELEVATION (FT MSL)

TOP OF CASING ELEVATION (FT MSL)

CME 75 Hollow Stem Auger

4" Schedule 40 PVC

SCREEN TYPE/SLOT

4' Split Spoon-Continuous Core

4" Stainless Steel Wire Wrap/0.010-slot

GRAVEL PACK TYPE

#2/16 Monterey Sand

GROUT TYPE/QUANTITY

Neat Cement Grout / Medium Bentonite Ch

STATIC WATER LEVEL (FT BELOW TOC)

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
PID | BLOW [RECOVERY 'E g a % Q g 'E
e} O o
(ppm) [COUNTS|  (inches) & sl o |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
oL | 5 % on
~ (@)
| —
0.0/0.0 2.5" Asphalt cored (18" diameter) 0.2 |I_m=——i—Top of casing
| _ removed for
Hand augered to 5 feet bgs for utiltiy clearance. pump
4 - ~4.5' of road base (Silty Sand-Gravel mixture) installation.
—4" PVC slip cap
- - % Borehole
5.0 Diameter = 11"
__5 —— — —— e — e — — .
0.0 NM 24"160" CL M/@_ 5-5.5: SILTY CLAY: Very dark grayish brown (2.5Y3/2);  _]5.5
0.2 i _| ML \ 60% plastic to moderately stiff clay; 30% micaceous silt;
0.3 \10%finesand.  _ _ _ _ _ _ __ _ _ _ _ ____ _ /
0.0 . - 5.5-10.2: SILTY CLAY: Very dark gray (2.5Y3/1); 80% e Neat Cement
moderately stiff clay; 20% micaceous silt. Grout
- - —12.5 feet of 4"
Sch 40 PVC
wann 10— Blank Riser
0.3 NM 60"/60 CL 10.2-12.2: Similar to above with change in color to Olive
0.2 . - brown (2.5Y4/3).
0.0
0.0 B - Hydrated
12.2-13.2: Similar to above with change in color to Very PureGold
b - dark grayish brown (2.5Y3/2). Medium
13.2-15.5: Similar to above with change in color to Olive Bentonite Chips
b - brown (2.5Y4/3) with thin, coarse sand and gravel layers
throughout. -
03 | NM eoe0" || A ] 155 i #2168 Monterey
0.2 i _ / 15.5-18: VERY CLAYEY SAND: Brown (10YR4/3); 60% Pack
8.8 A fine to medium, well graded, subangular to subround
22.9 _ _| SC /4  sand; 35% stiff clay; 5% micaceous silt; iron oxide
e mottling; few worm casings.
- A A N ———. 18.0 20 feet of
SC & 18-18.8: Similar to 12.2 to 13.2 with abrupt physical 18.8 4"Stainless
T - chamgg__________‘_________/- Steel 0.010-slot
18.8-20.5: VERY SANDY CLAY: Light gray (2.5Y7/2); 65% Wire Wrap
platy, plastic clay; 35% fine to coarse, poorly graded, Screen with
58.7 NM 60"/60" subangular sand; <5% micaceous silt; <1% fine, angular - 120.5 Threaded
13.7 \g@VEIJ]e_a\LIILthHrb_a@d_ ____________ Coup"ngs
8.2 20.5-22.8: CLAYEY SAND: Pale yellow (2.5Y7/3); 50%
22.8 fine to coarse, subangular, poorly graded sand; 30%
micaceous silt; 15% platy, plastic clay; 5% fine to medium, 228
4 - |~ \subangular gravel; moist._ _ _ _ _ _ _ __ _ _ _ _ _ -
cL 22.8-24.5: SILTY CLAY: Olive (5Y5/3); 50% plastic clay;
E -1 ML 40% micaceous silt; 10% fine to medium, well graded, 245
94— bangular sand. 15
sc /A ~Subanaularsand. ~ 7250
1311w | oasveer T2 - -245:25 Similarto 1551018, — " " """ T © -
93.2 i | *%:NoRecovery. ] 26.0
7.8 26-28.8: SILTY SAND: Olive gray (5Y4/2); 70% fine to g
85.7 ] - ! medium, subround, well graded sand; 25% micaceous silt; e #2/16 Monterey
SM |- 5% plastic clay; saturated; some iron oxide mottling. Sand Filter
4 _ Pack
B 28.8
N - J 28.8-35: SANDY SILT: Olive gray (5Y4/2); 60%
micaceous silt; 25% fine, well graded, subround sand,;
T30— i Continued Next Page

PAGE 1 OF 2



SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

PROJECT NUMB
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

ER 50999-56254-6225.001.TK4.EQUIP

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER Alw1l

Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/10/07

Continued from Previous Page

~1| . =
PID | BLOW [RECOVERY 'E g2 LE)@ g 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E % WELL DIAGRAM
g | 5 |& [e)a)
= (O] O
6.5 NM 60"/60" sMm | <5% clay; <5% fine to medium, subangular gravel (as N
3.2 i _ layers); saturated. "<& #2/16 Monterey
0.8 [, 1 Sand Filter
21 - —| ML [{. Pack
35.0 :
T35 —Welded
Stainless Steel
- bottom plate
B Total Depth of Boring = 35 feet bgs
_ Total Depth of Well = 35 feet bgs
40 -
45 —
50 -
55 -
60 —

PAGE 2 OF 2




111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER Alw2
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/11/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" Stainless Steel Wire Wrap/0.010-slot
SAMPLING METHOD 4' Split Spoon-Continuous Core GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID BLOW |RECOVERY E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [o)a)
= Q] O
| —
3" Asphalt cored (18" diameter) 0.3 |[_m=—r—Top of casing
4 _ removed for
Hand augered to 6 feet bgs for utility clearance. pump
4 _ ~5' of road base (Silty Sand-Gravel mixture) installation.
—4" PVC slip cap
] - Hand augered to 8 feet bgs. N
4 - /¢ (&4 Borehole
> § Diameter = 11"
07 | NM 2060" | ° /, K
1.0 1 SRS
0.7 4’ g
- - N K
ROAD BASE: GRAVELLY SILTY SAND: Olive brown Y S gfgjtcemem
4 _ (2.5Y5/4); 20% fine to coarse, subangular, poorly graded // N\
gravel; 60% fine to coarse, poorly graded, subangularto 8.5 SIS
4 - \ subround sand; 15% micaceous silt; 5% plastic clay._ _ 4 KA 12.5 feet of
9-10: SILTY CLAY: Black (2.5Y2.5/1); 70% moderately \/4 '\\' 4"-diameter Sch
4 10— plastic clay; 25% micaceous silt; 5% fine to medium, well / N 40 PVC Blank
0.0 NM 52"/60" graded, subangular to subround sand; wet. 4 K4 Riser
0.0 i -| cL 10-11.5: Similar to above with change in color to Olive LK
0.0 ML brown (2.5Y4/3).
0.4 . - 11.5-13: Similar to above with change in color to Very dark Hydrated
grayish brown (2.5Y3/2). 13.0 PureGold
I 1 1315 SANDY SILTY CLAV: Dark yellowish brown | 1T e chips
i _ (10YR3/4); 50% moderately plastic clay; 30% fine to ’
f coarse, poorly graded, subangular to subround sand; 20% R
o 415— /|  micaceous silt; wet; iron oxide mottling with organic . <& #2/16 Montere
0.3 NM 60"/60 74 debris. -] Sand Filter g
0.7 B 4 15-17: Similar to above with more fine to medium sand Pack
26.1 74 (40%).
9.6 i _ 4
17-18.5: Similar to above with change in color to Very dark i
i _ 7, grayish brown (10YR3/2). 185 x |20 feet of
1 / [ T18.5.20 SILTY SANDY CLAV: Light gray (87/2): 75% | o ddameter
CL plastic, platy clay; 15% fine to medium, subanguilar to 0.010-slot Wire
120 74 —subround, well graded sand; 10% micaceous silt, wet. ___ - 20.0 Wrap Screen
ii NM 54"/60 20-21.5: Similar to 15-17". with Threaded
47 7] | cL Couplings
21 i _ e 21.5-22.5: Similar to 18.5'-20'.
i 225
i _ 22.5-24.5: CLAYEY SILT: Olive (5Y4/3); 80% micaceous
ML silt; 15% plastic clay; 5% fine, subround, well graded
] —| A 1 sand; saturated. 24.2
LU _24-24.2: Sandy clay layer similar to 18.5-20", _ _ _ _ _ — 245
4 o5— o] 24.5-28: SILTY SAND: Olive (5Y4/4); 65% fine, well
0.7 NM 44"/60" “I-1:1  graded, subround sand; 25% micaceous silt; 10% plastic
0.3 ] - S clay; saturated.
41 SV o
1 - : /@ #2/16 Monterey
B N 1 28.0 7| Sand Filter
28-30: SILT: Olive (5Y4/3); 90% micaceous silt; 10%
4 —| ML plastic clay; saturated.
Qg o9 ____ . ____] 30.0
Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER AlW2

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 9/11/07

Continued from Previous Page

~1| . =
PID | BLOW [RECOVERY 'E g2 LE)@ g 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E % WELL DIAGRAM
g | 5 |& [e)a)
= (O] O
0.3 NM 47"/60" 30-33: VERY SILTY CLAY: Olive gray (5Y4/2); 60% o
0.1 i _ plastic clay; 40% micaceous silt; saturated; heavy " & #2/16 Monterey
0.0 cL bioturbation. ‘| sand Filter
22 4 -Iwm Pack
1 N N 7 777 33.0
33-35: Similar to 28'-30'.
1 -] ML
135 35.0
% Slough
B Welded
Stainless Steel
- . . bottom plate
Total Depth of Boring = 35.1 feet bgs (with slough)
_ Total Depth of Well = 35.6 feet bgs
40 -
45 —
50 -
55 -
60 —

PAGE 2 OF 2




SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

PROJECT NUMBER
PROJECT NAME
LOCATION

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER AMW1

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 9/5/07

Naval Weapons Station-Seal Beach

CASING TYPE/DIAMETER

DRILLING METHOD
SAMPLING METHOD
GROUND SURFACE ELEVATION (FT MSL)

TOP OF CASING ELEVATION (FT MSL)

CME 75 Hollow Stem Auger

4" Schedule 40 PVC

SCREEN TYPE/SLOT

1.5' CA-Modified Split Spoon

4" Schedule 40 PVC 0.010-slot Slotted Screen

GRAVEL PACK TYPE

#2/16 Monterey Sand

GROUT TYPE/QUANTITY

Neat Cement Grout / Medium Bentonite Ch

STATIC WATER LEVEL (FT BELOW TOC)

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID BLOW [RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |&x [o)a)
= Q] O
3" Asphalt cored (18" diameter) 0.2 4" PVC slip cap
] Z /710.7 Concrete
\ Hand augered to 5 feet bgs for utility clearance. / Annular Seal
4 - \~0.5' of road base (Silty Sand-Gravel mixture) _ _ _ _ _ / Borehole
s 1-4: SILTY SAND: Olive brown (2.5Y3/1); 60% fine to Diameter = 11"
4 —| SP |0 coarse, poorly graded, angular to subround sand; 30%
micaceous silt; 10% clay, in "balls".
b - Neat Cement
5.0 Grout
0000 11, | 20424 ] ° " 5-7: CLAY: Very dark gray (2.5Y3/1); 95% moderately |
34 i _ plastic clay; 5% micaceous silt; wet.
0.0/0.0| 8,8, 24"[24" “| cH 7-8: Similar to above with plant and wood fragments. ]s-igef(t) ?Df\;lc
7,13 ] - . ) . . Blank Riser
8-9: Similar to above with Dark gray clay "balls’
0.0/0.0[ 1.1, 2424" | X_ _9-9.6: Similar to above with layer of finesand. | 9.6
3,4 +10— 9.6-11.2: Similar to above with transition to Dark grayish
brown Silty Clay with worm casings.
0.0/0.0 56% 18"/24" 11.2-13: VERY SILTY CLAY: Light olive brown (2.5Y5/4);
' N | oL 60% moderately plastic clay; 30% micaceous silt; 10% Hydrated
ML fine to coarse, subangular to subround sand; <1% fine PureGold
0.0/00| 357 624" | - gravel; iron oxide mottling; wet; worm casings. Medium
e 7 8 ' 13-15: Similar to above; wet to saturated in center. Bentonite Chips
1 Z I 15.0 L
0.0/0.0| 35, 2arpar T1O S ~i5.165 CLAVEY SAND: Dark olve brown (2.5v3/3) to *Zgr}(? FM“‘t"grterey
6,8 i _ BN 9% dark greenish gray (GLEY4/5GY); 70% fine to medium, Pack
subround sand; 20% stiff clay; 10% micaceous silt.
4 _ 16.5-23: Similar to above with increasing fine sand and
0.1/0.0| 11,13, 24"24" predominantly dark greenish gray in color.
17,17 ] - Similar to 15'-16.5'". +—1— 20 feet of 4"
-] SCH 40 PVC
v ] =| SP [-.:]/] 0.010-slot
0.0/0.0 13059 1824 Slotted Screen
' 20— with Threaded
Couplings
0.0/0.0| 11,14, | 20.4"24" |
11,13 | -
o4 e - 23.0
0.4/0.0| 7,10,5, 24"[24" 23-23.5: SILTY SAND: Olive brown (2.5Y4/3); 70% well
8,11 i _ graded, subangular to subround, fine sand; 30%
micaceous silt; saturated.
4 o5— R ¢ 23.5-23.7: Dark brown (10YR3/3) sandy clay layer.
0.0/0.0| 11,15, 24"124" sp I~ [l 23.7-28: Similar to 23'-23.5' with some iron oxide mottling
17,22 . - concentrated at bottom of section.
0.00.0| NM 2aear | T w1 25 v #2116 Monterey
] SP [ 17" " 78-28.4: VERY SANDY CLAY: Light brownish gray 284 Pack
4 | SC |l ) (2.5Y6/2); 55% plastic clay; 30% fine to coarse, /
0.0/0.0| 5,10, 24"124" SP {111 \ subangular to subround sand; 10% micaceous silt; 5% I _|29.5
11,11 dgo—| SM | ¥ \\ _ 11
Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER AMW1

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 9/5/07

Continued from Previous Page

—~| . =
%9 |z, o
(pPF!Ir%) C%LUONV-}—/S RI%IﬁCOrYeE;RY & g 8 % (@] LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ag| 5 |z~ [ofa)
= Q] O
SP [ %7 \lsubangular, fine gravel; saturated. _ _ _ _ _ _ _ _ _ I o
SC | . ¥4 128.4-29.5: Similar to 23.7'-28". 1 e
s 28.4:29.5 Similart0 23./-28. _ _ _ _ _ _ _ _ _ _ _ . - #2/16 Mont
0.000.0| 1112, | 247/24" sp || || \29.5:3L Similar to 28"-28.4', bul heavilty bioturbated._ _ T sand Fitter >
15,17 g St 4- 44— 31-32: Similarto 23.7-28'. _ _ _ _ _ _ _ _ _ _ _ _ _ — {320 Pack
sp [ 32-33: Similar to 29.5'-31".
i —-—ivA ] 33.0
0.0/0.0| 4,7, 20.4"124" g; Sl 33-34: Similar to 31'-32".
11,21 i M — — ——— ] 34.0
Sp T11]|  34-34.2: Similar to above with fine to medium, subangular 34.2
435—| | J | to subround gravel. _I351 )
0.0/0.0| 45, 24"124" MIETT T\ 34.2-35.1: VERYSANDY SILT: Olive (5Y4/3); 60% / — Threaded SCH
7,11 4 —|sp \ micaceous silt; 35% well graded, subround, fine sand; / e 40 PVC Bottom
M | \<10% clay; wettosaturated. _ _ / Cap
: 35.1-37: Similar to 33-34" with iron oxide mottling. 37.0 Slough
N Total Depth of Boring = 36.5 feet bgs (with slough)
40 - Total Depth of Well = 35.1 feet bgs
45 -
50 -
55 -
60 -
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AMW?2
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/6/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" Schedule 40 PVC 0.010-slot Slotted Screen
SAMPLING METHOD 1.5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID BLOW E gl % Q 2 'E
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |&x [o)a)
= Q] O
3" Asphalt cored (18" diameter) 0.2 & —4" PVC slip cap
_ - ¥ KPA¥ Concrete
Hand augered to 5 feet bgs for utility clearance. 9 24 Annular Seal
] - ~4' of road base (Silty Sand-Gravel mixture) N RS
b -1 < 4.3 Neat Cement
SP |- *.|  4.3-5: SAND: Dark brown (10YR3/3); 80% fine to coarse, 5.0 Grout
0.0/00l 13 21.6"24" | 5 O \ poorly graded, subangular to subround sand; 10% /7]
T 1812 ' \micaceous silt; 10% clay; moist. _ _ _ _ _ _ _ ___ _ /
' N - 5-6: CLAY: Very dark gray (5Y3/1); 95% stiff clay; 5%
micaceous silt; moist; worm casings. 7.0 .
0.0/00| 8.8, 247124 ] ] \ 6-6.8: Similar to above with change in color to Grayish /7] 15 feet of 4
8.9 1 \ brown (2.5Y5/2). / SICh ‘kloRPVC
\6.8-7: No Recovery. / ank kiser
| ~| ch 7-9: Similar to above with change in color to Dark gray
0.0/0.0| 1,1, | 156"24" (2.5Y3/1).. Borehole
2.4 1 10— 9-9.2: Similar to 5.0'-6.0'". Diameter = 11"
9.2-10.6: Similar to 7.0'-9.0'. B
0.0/0.0| 2,3, 18"24" | B 11-13: Similar to above with change in color to Olive
3,7 i _ (5Y5/2) and no worm casings. Hydrated
\ 13.0 PureGold
0000 1024 | 24v2a" 7 T 1335 NoRecoverv. T T T T T T T T T T T T T T Medium
.0/0. 2, . -15: No Recovery. ~1 |-] Bentonite Chips
45t 1 ] 15.0
0.0/0.0| 1,2, 24"[24" > / 15-21.2: CLAYEY SAND: Dark grayish brown (10YR4/2);
59 i _ 70% fine, well graded sand; 20% stiff clay; 10% e #2/16 Monterey
micaceous silt; wet; iron oxide mottling; few worm casings. Sand Filter
00/00| 914, | 24'2a" | Pack
=7 . -| sc - T~ 20 feet of 4"
] _ 18.5-18.6: thin, fine gravel layer. J (S]%Toé_lgloptvc
0.0/0.0 3;‘0 2424 Slotted Screen
' +20— with Threaded
Couplings
- - orqa __ _ __ __ __ o _____d 21.2
0.0/0.0 11271251 24124 21.2-28.5: VERY CLAYEY SAND: Dark grayish brown
’ (10YRA4/2); 50% fine to medium, well graded subangular
to subround sand; 30% moderately plastic clay; 20%
0.0/00| 1.2, 24724 micaceous silt; saturated.
4,11
0.0/0.0| 11,15, 24"[24"
17,22
0.0/0.0| 14,19, | 24"24" v #2116 Monterey
19,19 _ -
A ] 285 Pack
. —| SM [-{].]  28.5-29.2: VERY SILTY SAND: Dark grayish brown 29.2
00000 211, 24"124" Y ‘)7'—\ (2.5Y4/2); 55% fine, well graded, subangular to subround ;7|29 7
7,12 1 30— —v\sand; 35% micaceous silt; 10% clay; saturated. 70
Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER AMW?2

DATE DRILLED 9/6/07

Continued from Previous Page

—~| . =
PID BLOW E gl (E) Q 2 'E
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
oL | 5 % on
~ O
CL ]\ 29.2-29.7: SANDY SILT: Olive (5Y4/3); 70% micaceous  |_]30.5 o
4 _ \! silt; 15% fine, well graded sand; 15% plastic clay; /1 e
0000 7,12, | 20.424" ML \saturated. v k T #2116 Monterey
15,12 | |\ 29.7-30.5: CLAY: Olive (5Y4/3); 90% moderately plastic | - |32.0 Pack
CL / \\clay; 10% micaceous silt; greenish gray (reduced iron?) ||
/ZZ\landironoxidemottiing. __ _ _ ______ __ J1-{330
0.0/0.0| 4,11, 24"24" sm -1/ ] '\ 30.5-32: SANDY SILT: Olive brown (2.5Y4/3); 60% I
12,12 4 - 111 Wmicaceous silt; 25% fine to medium, well graded sand; | |34.2
\\15% plastic clay; saturated_ _ _ _ _ _ _ n! .
wioqn | 35~ \132-33: Similart029.7-305. _ _ __ _ __ _ _ ___ /1 — Threaded SCH
0.0/0.0| 3.5, 24124 cL | 33-34.2: CLAYEY SILTY SAND: Olive brown (2.5Y4/3); | 40 PUG Bottom
7,10 - | 65% fine to medium, well graded, subangular to subround e Ca
\sand; 20% micaceous silt; 15% plastic clay; organic 370 SlOpU h
debris; saturated. ____ _ ' 9
34.2-37: Similar to 29.7'-30.5".
B Total Depth of Boring = 36 feet bgs (with slough)
40 - Total Depth of Well = 34.95 feet bgs
45 —
50 -
55 -
60 —
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

PROJECT NUMBER

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER AMW3

PROJECT NAME

Naval Weapons Station-Seal Beach, Site 70

DATE DRILLED 9/17/07

LOCATION

Naval Weapons Station-Seal Beach

CASING TYPE/DIAMETER 1.6" Solinst CMT Multiport HDPE Tubing

DRILLING METHOD

Geoprobe 6620DT Direct Push / Hollow Stem AugeBCREEN TYPE/SLOT

3 0.38" Holes covered by Stainless Steel Mesh

SAMPLING METHOD

4' Split Spoon-Continuous Core

GRAVEL PACK TYPE #2/16 Monterey Sand

GROUND SURFACE ELEVATION (FT MSL)

GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch

TOP OF CASING ELEVATION (FT MSL)

STATIC WATER LEVEL (FT BELOW TOC)

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS Port designation are labeled counterclockwise (i.e. Port 1 is still Port 1, Port 2 is Port 6, Port 3 is Port 5, and Port 4 is Port 4)
~| . =
PID BLOW 'E gl % Q 2 'E
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [e)a)
= Q] O
| —
0-5: No Recovery. ket
| _ Y JJZ:Q Concrete
Hand augered to 5 feet bgs for utility clearance NS Annular Seal
15 I 5.0
0.0 NM 21"/36" 7}/ | ~ 5-8: CLAY: Black (5Y2.5/1) to Very dark grayish brown
0.0 _ - (2.5Y3/2); 90% sitiff clay; 10% micaceous silt; moist. Neat Cement
0.0 Grout
0.0 ] -
0.0 NM 38"/48" | B 8-13.5: Similar to above with color change at sample base
0.0 i _ to Olive brown (2.5Y5/3) and with increasing silt.
0.0 CH Borehole
0.0 10— Diameter = 8"
0.0 NM 488" |
0.0 _ -
(X T N B 77 /9 I 13.5
0.0 i _ % 13.5-15.5: VERY SILTY CLAY: Grayish brown (2.5Y5/2) to &
cL brown (10YRA4/3); 55% moderately plastic clay; 35%
+15—| ML micaceous silt; 10% fine, subround, well graded sand;
| _moist. _ _ _ _ 155
4 _ / / 15.5-20: VERY SANDY CLAY: Dark brown (10YR3/3) to
0.0 NM 48"/48" olive brown (2.5Y4/3); 55% stiff clay; 40% fine to medium,
0.0 - - subround, well sorted sand; 5% micaceous silt; dry; iron
0.0 cL 4 oxide mottling throughout. PORT 4 (17 to
0.0 4 - 18 feet bgs)
Y S 1 77 20.0
0.0 NM 43"/48" 20.5-24: SILTY SAND: Olive brown (2.5Y4/3); 65% fine to
0.0 - - medium, subangular to subround, well graded sand; 30% Hydrated
0.0 micaceous silt; 5% plastic clay; saturated; some iron oxide PureGold
0.0 4 - mottling. Medium
Bentonite Chips
00 | NM ariagt | T SM [ 24-28.5: Similar to above. ;?gfbézs‘;' 0
88 25— #2/16 Monterey
0'0 Sand Filter
) h - Pack
] — ) ) 27.2
27-27.2: Light brownish gray clay layer.
0.0 NM 36"/36" | " ] 28-31: VERY CLAYEY SILT: Grayish brown (2.5Y5/2)to ~ _|28.5 PORT 2 (28 to
0.2 i _ \ olive brown (2.5Y4/3); 60% micaceous silt; 35% plastic / 29 feet bgs)
0.0 ML \ clay; 5% fine to coarse, subangular to subround, poorly /
1 20— \ /
30 Continued Next Page
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111 Academy, Suite 150
Irvine, CA 92617
Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AMW3
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/17/07
Continued from Previous Page
~1 . =
PID | BLOW [RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [o)a)
= Q] O
\graded sand; saturated. _ _ _ _ J 310 Hydrated
4 o2 iaa ] 1.
0.0 NM 24"124" ML [[{]T]]_ " 31-31.5: SANDY SILT: Olive gray (5Y4/2); 60% 1315 PureGold
7 : ) - r Medium
0.0 _ - ML \ micaceous silt; 30% fine, subround, well graded sand; / Bentonite Chins
0.0 Ll \10% plastic clay; saturated. /4325 P
4 - 1] N31.5-32.5: Similart0 2831, J
0.6 NM 36"/36" ML 111l 32.5-34: Similar to 31-31.5". 34.0 “31-PORT 1 (33 to
0.2 B D 4 1 1 1 ] . o
0.0 L WIHT™ ~34-35: Similar to 2831 0 e ey
0.0 dloe |+ Aaa . L .
S 35-36: SILTY CLAY: Olive brown (2.5Y4/3); 80% Sand Filter
i M moderately plastic clay; 20% micaceous silt; wet. 36.0
B Total Depth of Boring = 36.5 feet bgs
_ Total Depth of Well = 35 feet bgs
40 -
45 —
50 -
55 -
60 —
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AMW4
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/17/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 1.6" Solinst CMT Multiport HDPE Tubing
DRILLING METHOD Geoprobe 6620DT Direct Push / Hollow Stem Auge6SCREEN TYPE/SLOT 3 0.38" Holes covered by Stainless Steel Mesh
SAMPLING METHOD 4' Split Spoon-Continuous Core GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS Port designation are labeled counterclockwise (i.e. Port 1 is still Port 1, Port 2 is Port 6, Port 3 is Port 5, and Port 4 is Port 4)
~| . =
PID BLOW 'E gl % Q 2 'E
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ng | 5 |& oo
= Q] O
| —
0-5: No Recovery. kerd,
| _ Y JJZ:Q Concrete
Hand augered to 5 feet bgs for utility clearance. S Annular Seal
o e o 5.0
0.0 NM 21"/36" / 5-8: SILTY CLAY: Dark olive gray (5Y3/2); 80%
0.0 i _ moderately plastic clay; 15% micaceous silt; 5% fine, Neat Cement
0.0 subround, well graded sand; moist; worm casings. Grout
CL
0.0 NM 32'/48" | B 8-10: Similar to above with change in color to Olive gray
0.0 _ _ (5Y4/2).
0.0
Borehole
0.0 lin |\ ] 10.0 b Can
10 / 10-11.5: SANDY CLAY: Olive gray (5Y5/2); 70% plastic Diameter =8
i _ clay; 25% fine, subround, well graded sand; 5%
f micaceous silt; saturated.
4 - e 11.5-13.5: Similar to 8'-10'.
0.0 NM 33"/48" s
0.0
- -| CL
0.0 7
0.0 _ _ % 13.5-16: VERY SANDY CLAY: Olive brown (2.5Y4/4); &
7 50% stiff clay; 40% fine to medium, subangular to
4 15— ; subround, well sorted sand; 10% micaceous silt; moist;
e iron oxide mottling.
i @ I 16.0
NR NM 43"/48" / / 16-20: VERY CLAYEY SAND: Dark yellowish brown
4 _ (10YRA4/4); 60% fine to medium, subangular to subround,
f well sorted sand; 35% stiff clay; 10% micaceous silt;
4 - sc W moist.
/ PORT 4 (18 to
b - 19 feet bgs)
490 ‘x4 20.0
NR NM 48"/48" 20-21: No Recovery. 10
i | 1.
/ 7 21-22.5: Similar to 16'-20" with increasing sand and Ezgé%tg%
4 _| SC rx change in color to Olive gray (5Y4/2); iron oxide mottling Medium
4 —Soncentrated at bottom of section. ___ __ ______ - 22.5 Bentonite Chips
4 _ 22.5-24: SILTY CLAY: Olive (5Y4/4) to light gray (5Y7/2);
CL 60% platy, moderately plastic, banded (see colors above)
] ML g2  clay; 30% micaceous silt; fine to medium grained, well o~ 24.0 PORT 3 (24 to
00 | NM 487148 2] \.sorted, subangular to subround sand; wet. _ _ _ _ _ _ J 25 feet bgs)
0.2 +4o5— Sl 24-27: SILTY SAND: Olive (5Y4/3); 70% fine to medium, #2/16 Monterey
0.0 SM || subangular to subround, well sorted sand; 30% Sand Filter
0.0 4 - 2|11  micaceous silt; saturated. Pack
| A 27.0
7] 27-28: VERY CLAYEY SILT: Pale olive (5Y6/3); 50%
4 _ micaceous silt; 40% plastic clay; 10% fine, subround, well
NR NM 24"124" sorted sand; wet. PORT 2 (28 to
i _ 28-29: Similar to 27'-28" with some iron oxide mottling; 29 feet bgs)
Cl saturated. 29.6
T30~ Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER AMW4

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 9/17/07

Continued from Previous Page

~| . =
PID BLOW |RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E &
ng | 5 |& oo
= Q] O
NR NM 29"/36" ML 29-32: Similar to 27'-28' with laminar bedding.
4 _ 29.5-29.6: Fine to medium gravel layer.
1 N N 7,77 32.0
CL 4 32-32.5: SILTY CLAY: Olive gray (5Y5/2); 80% 325
- S]] Nmoderately plastic clay; 20% micaceous silt; wet. _ _ _
NR NM 36"/36" SM |"|"11{ 32.5-34: SILTY SAND: Olive (5Y5/3); 60% fine to medium,
4 -1 subround, well sorted sand; 30% micaceous silt; 10% P 34.0
7] \plasticclay saturated. _ _ _ _ __ _ ____ ___ J "
d35—| cL 34-36: Similar to 27'-28'".
} ML 36.0
B Total Depth of Boring = 36 feet bgs
_ Total Depth of Well = 35 feet bgs
40 -
45 —
50 -
55 -
60 -

WELL DIAGRAM

Hydrated
PureGold
Medium
Bentonite Chips

=-—PORT 1 (33 to
34 feet bgs)

& #2/16 Monterey
Sand Filter
Pack
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AMWS
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/17/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 1.6" Solinst CMT Multiport HDPE Tubing
DRILLING METHOD Geoprobe 6620DT Direct Push / Hollow Stem Auge6ECREEN TYPE/SLOT 3 0.38" Holes covered by Stainless Steel Mesh
SAMPLING METHOD 4' Split Spoon-Continuous Core GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS Port designation are labeled counterclockwise (i.e. Port 1 is still Port 1, Port 2 is Port 6, Port 3 is Port 5, and Port 4 is Port 4)
— . =
PID BLOW [RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [o)a)
= Q] O
— ]
0-8: No Recovery. ket
| _ Y JJZ:Q Concrete
Hand augered to 8 feet bgs for utility clearance. NS Annular Seal
—+4 5 — g
4 - Neat Cement
Grout
Jl 4 - 8.0
9.7 NM 30"/48" 8-12: SILTY CLAY: Dark olive brown (2.5Y3/2.5); 85%
9.2 i _ moderately plastic clay; 15% micaceous silt; dry.
3.7 Borehole
2.8 4 10— Diameter = 8"
CL
0.2 NM 48"/48" | N 12-13: Similar to above with worm casings.
0.0 i q i _______ 13.0
0.0 007 13-16: SANDY CLAY: Dark olive brown (2.5Y3/3) to dark
0.0 i _ A, yellowish brown (10YRA4/6); 70% moderately plastic to stiff
/ / clay; 20% fine to medium, subround, well sorted sand;
4 15— / 10% micaceous silt; dry; iron oxide mottling.
| _ 7 Hydrated
0.0 NM 48"/48" cL b / 16-18.5: Similar to above with increasing sands. PureGold
0.0 ] - 1 Medium
0.0 5 _ Bentonite Chips
0.0 . - /
_ _ / 18.5-19: Similar to above with decreasing sand and ngzlfbéls? 0
/ change in color to Dark olive gray (5Y3/2); dry. -
120 “ 4 _19-20: Similarto 16-185". | 20.0
0.0 NM 36"/36" SN 20-22.5: CLAYEY SAND: Olive brown (2.5Y4/4); 60% fine
0.4 _ _ Z /7  tomedium, subangular to subround, well graded sand;
0.0 SC 30% stiff clay; 10% micaceous silt; moist; iron oxide -
4 - o] motling. 225 I] PORT 3 (22 to
| TSMI[TT 32523 CLAVEY SILTY SAND: Oiive brown (25Y4%);  , |23.0 23feethas)
0.0 NM 36"/36" cL 7]\ 60% fine to medium, subround, well sorted sand; 25% / Sand Filter y
0.0 . 42472 \micaceous silt; 15% moderately plastic clay; wet. ___ ;- ]24.0 Pack
0.0 sl 28-24: SILTY CLAY: Pale olive (5Y6/3) to light gray /
0.0 do5—| SM |11\ (5Y7/2); 70% moderately plastic clay; 25% micaceous silt; |
. 1 | 5% fine to medium, subangular to subround, well graded | - | 25.5
- CL 17 Z_\ \sand; wet, 14,4260
ML 14711 )\ 24-25.5: SILTY SAND: Olive (5Y4/3); 70% fine to medium,
. _| SM RN subangular to subround, well graded sand; 30% I PORT 2 (26.5
74— \micaceous sittwet._ ___ ~ 1203 to 27.5 feet
. CL (24 \\25526: Similar 0 2324~~~ T T T T T T C /1?80 bgs)
MLEH]] \26-275: Similarto 2426 5. " " " T T T T T T T T T I lago
. ML Mt \27.5-28: Similarto 2324’ _ _ _ —— _— _— " _ 1A
cL / \\ 28-29: VERY SANDY SILT: Olive (5Y4/3); 60% micaceous // 30.0
T30 Continued Next Page ]
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111 Academy, Suite 150
Irvine, CA 92617
Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AMWS
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/17/07
Continued from Previous Page
~| . =
PID BLOW [RECOVERY 'E g2 % Q 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & sl o |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ng | 5 |& [e)a)
= Q] O
T Wilt; 35% fine, subround, well graded sand; 5% plastic /] 310 Hydrated
B 1P Q"’ly'—WQt'——————,——_— ——————————— I~ 42+ PureGold
\129-30: SILTY CLAY: Light olive brown (2.5Y5/3); 85% 1/ Medium
4 - \\moderately plastic clay; 15% micaceous silt; moist. _ __ jy i -
ML \30-31: Similarto 28'-29"._ Ji Bentonite Chips
4 _ 31-32: CLAYEY SILT: Grayish brown (2.5Y5/2); 60%
Ty micaceous silt; 30% moderately plastic clay; 10% fine, , 1335 .
_ _ 1. subround, well graded sand; wet. / N
ML LK \32:38.5: Similartoabove. J PORT 1 (3310
135 - 335:35; Similarto 2829, _ "~~~ "~ {350 eet bgs)
CL 35-36: SILTY CLAY: Olive gray (5Y5/2); 75% moderately 36.0 . #2/16 Monterey
- i plastic clay; 25% micaceous silt; wet. : —~ Sand Filter
Pack
B Total Depth of Boring = 36.4 feet bgs
_ Total Depth of Well = 35 feet bgs
40 -
45 —
50 -
55 -
60 -
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

PROJECT NUMBER

PROJECT NAME

Naval Weapons Station-Seal Beach, Site 70

LOCATION

Naval Weapons Station-Seal Beach

DRILLING METHOD

CME 75 Hollow Stem Auger

SAMPLING METHOD

4' Split Spoon-Continuous Core

GROUND SURFACE ELEVATION (FT MSL)

TOP OF CASING ELEVATION (FT MSL)

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER
DATE DRILLED 9/7/07
CASING TYPE/DIAMETER 4" Schedule 40 PVC

SCREEN TYPE/SLOT 4" Schedule 40 PVC 0.010-slot Slotted Screen
GRAVEL PACK TYPE #2/16 Monterey Sand

GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
STATIC WATER LEVEL (FT BELOW TOC)

AMW6

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID BLOW |RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [o)a)
= Q] O
.
3" Asphalt cored (18" diameter) 0.3 % —4" PVC slip cap
i _ € Concrete
Hand augered to 5 feet bgs for utility clearance. “ae- Annular Seal
i _ ~5' of road base (Silty Sand-Gravel mixture) Xy Borehole
Diameter = 11"
b - Neat Cement
Grout
e 55— KXXY o ______d 5.2
0.0/0.0/ NM 46"/60 5.2-10: CLAY: Very dark grayish brown (2.5Y3/2); 90%
b - stiff clay; 10% fine to medium, well graded, subangular
sand; iron oxide mottling; thin, laminar bedding.
— - 15 feet of 4"
_ _ 7.5-9.0: Similar to above with some bioturbation and worm gg\néklORli:’S\érC
casings.
i s 9.0
0.0/0.0| NM 58"/60" T CL 10-13: Similar to above with change in color to Olive gray
- - (5Y4/2). Hydrated
PureGold
N - Medium
~-] Bentonite Chips
] N 13-15.5: Similar to above with change in color to Dark
4 _ yellowish brown (10YR3/4). - e #2/16 Monterey
**| Sand Filter
11.3 | NM 58v60" |0 Z 155 Pack
20.9 i _ 7 15.5-17: VERY SANDY CLAY: Dark yellowish brown
46.4 7, (10YRS3/4); 60% stiff clay: 35% fine to medium, well
4 _ / / graded, subangular sand; 5% micaceous silt; wet; few
/ worm casings; iron oxide mottling.
4 _|cCt / 17-19: Similar to above with no mottling and change in L 50 feet of 4"
2 color to Olive brown (2.5Y4/3). | scH 40 PvC
- - / e . ) 0.010-slot
/ 19-19.25: Similar to above with more plastic clay and color Slotted Screen
420 /4774 change to Light olive brown (2.5Y5/2). 4200 with Threaded
5.7 NM 32"/60" oo+ \19.25-20: Similar to 15.5"-17" with abundant bioturbation. _ Couplinas
19.4 I «+1|  20-23: SAND: Dark yellowish brown (IOYRA4/6); 80% fine piing
ool to medium, well graded, subround sand; 10% micaceous
4 _ oot silt; 10% clay; wet; iron oxide mottling throughout.
] N j:: o 23-26: Similar to above with change in color to Dark
_ _ ose]::|  grayish brown (2.5Y4/2); wet.
SW o]
227 | NM ageor 20T RO
10.4 4 _ el
12.3 :Z: . 26-29: Similar to above with increasing silt and fine sand.
1 - ool /@ #2/16 Monterey
e * 7| Sand Filter
- - RN Pack
i 000 T I 29.0
| H{ 29-33.5: SANDY SILT: Olive gray (5Y5/2); 70%
4 30— micaceous silt; 20% fine sand; 10% clay; laminar bedding;
Continued Next Page
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907

PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER AMW6

PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/7/07

Continued from Previous Page

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

~1| . =
PID | BLOW [RECOVERY E g2 (E)@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ng | 5 |& oo
= (O] O
34 | NM 44"/60" wet. S
2.1 4 - . -4« #2/16 Monterey
0.9 Sand Filter
| - ML Pack
i _ 33.5-35: Similar to above with iron oxide mottling.
135 35.0 i
= — Threaded SCH
- 40 PVC Bottom
Cap
B Total Depth of Boring = 35 feet bgs (with slough)
_ Total Depth of Well = 35.5 feet bgs
40 -
45 —
50 -
55 -
60 -
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW1
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/13/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" Schedule 40 PVC 0.010-slot Slotted Screen
SAMPLING METHOD 4' Split Spoon-Continuous Core GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID BLOW 'E gl % Q 2 'E
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [e)a)
= Q] O
0.0 3" Asphalt cored (18" diameter) 0.2 % — 4" PVC slip cap
] - ¥ KP4¥ Concrete
Hand augered to 5 feet bgs for utility clearance. 9 K%e AnNnular Seal
] - ~4' of road base (Silty Sand-Gravel mixture) N4 KN Borehole
Diameter = 11"
B T B % % < 4.0
4-9: CLAY: Very dark gray (L0YR3/1); 90% moderately g?g‘jtcemem
15— plastic clay; 10% micaceous silt; wet.
0.0 NM 34"/60"
0.0 _ -
0.0
0.0 - - 15 feet of 4"
Sch 40 PVC
N - Blank Riser
] B 9-10: Similar to above with change in color to Dark grayish
4 10— brown (2.5Y4/2), trace (<5%) fine to medium sand, and
0.0 NM 58"/60" cL organic material (grass); wet.
0.0 4 _ 10-14: Similar to above with decreasing sand.
0.0
0.0 4 - Hydrated
PureGold
, - e e Medium
~.-1 |-.-] Bentonite Chips
. - - . . S e
14-15.5: Similar to above with change in color to Dark R I #Siﬁt? 'l:\/I”?;terey
4 15— gray (2.5Y4/1); wet Pack
0.0 NM 38"/60" ac
0.0 i _ 15.5-17: Similar to above with "balls" of yellowish red
0.0 sand.
0.0 I R 77 & 17.0
. 17-20: SANDY CLAY: Dark grayish brown (10YR4/2);
4 _ 7, 60% moderately plastic clay; 30% fine, subangular, well |20 feet of 4"
CL K graded sand; 10% micaceous silt; iron oxide mottling in “.*1 SCH 40 PVC
i _ / sand seams; wet. 0.010-slot
. 20.0 Slotted Screen
04 | NM 52'/60" | 20 Y 30235 VERY CLAYEY SAND: Dark grayish brown with Threaded
0.4 1 (10YR4/2) to brown (10YR4/3); 50% fine, subround, well pling
0.6 f graded sand; 40% plastic clay; 10% micaceous silt; wet.
0.7 | B %
SC /
i _ 23.5-25: Similar to above with change in color to Olive
Pz (5Y4/3) and with pale yellow (5Y8/3) clay seams
15 ¥4 _throughoutwet. | 25.0
1.0 NM 51"/60" S 25-30: SILTY SAND: Olive gray (5Y4.5/2); 65% fine to
0.8 _ _ “t-1-1  medium, subangular to subround, well graded sand; 30%
0.7 el micaceous silt; 5% plastic clay; saturated R
1.0 4 - BN . 4&#2/16 Monterey
.1 Sand Filter
. - ] Pack
SM [
T30~ Continued Next Page
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SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW1

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 9/13/07

Continued from Previous Page

~1| . =
%9 |z, o
(pPF:Ir%) C%LUONV-}—IS R%ﬁcohveE;?Y & g 8 % O LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ag| 5 |z~ [ofa)
= Q] O
0.0 NM 60"/60" o 30-32: Similar to above with increasing silt. N
0.2 E - BN “4& #2/16 Monterey
2? BE 320 Sand Filter
' ] | 32-34: SILTY CLAY - Olive brown (2.5Y4/4) to light olive |
7| 32347 SILTY CLAY: Olive brown (2.5Y4/4) to light ol Pack
4 -| cL brown (2.5Y5/4); 70% stiff clay; 30% micaceous silt; wet;
ML iron oxde mottling throughout.
i 1 _ 34.0
ML 34-35: SILT: Grayish brown (2.5Y5/2); 85% micaceous ;
435 silt; 10% plastic clay; 5% fine, subround sand; wet. 35.0 S
> =— Threaded SCH
_ 40 PVC Bottom
Cap
B Total Depth of Boring = 35.3 feet bgs
_ Total Depth of Well = 35.3 feet bgs
40 -
45 —
50 -
55 -
60 —

PAGE 2 OF 2




111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW9
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/12/07
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD _ CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" Schedule 40 PVC 0.010-slot Slotted Screen
SAMPLING METHOD 4' Split Spoon-Continuous Core GRAVEL PACK TYPE #2/16 Monterey Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID | BLOW £2| 2 %@ <
RECOVERY 21 0 | =
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [e)a)
= Q] O
.
3" Asphalt cored (18" diameter) 0.3 —4" PVC slip cap
i _ % RIA€ Concrete
Hand augered to 5 feet bgs for utility clearance. 9 1 Annular Seal
] - ~4' of road base (Silty Sand-Gravel mixture) NN
4.0
E — 3
/ 4-14.5: CLAY: Black (2.5Y2/1) to dark grayish brown IC\I;tra(:):lLtthement
15— (2.5Y3/2); 90% moderately plastic clay; 10% fine to
0.0 NM 36"/60" medium, subangular, well graded sand; light gray clay
0.0 i _ "balls"; moist.
0.0
0.0 - - — 15 feet of 4"
Sch 40 PVC
b - Blank Riser
CL = Borehole
00 | nm | 3sveor 10T Diameter = 11
0.0 _ -
0.0
0.0 4 - Hydrated
PureGold
N - 0 e Medium
~+| |-.-] Bentonite Chips
T B 1 _ ] 145
4 15— 75 14.5-15: SANDY CLAY: Olive brown (2.5Y4/5); 60%
0.0 NM 19"/60" Al moderately plastic clay; 30% fine, subround, well graded
0.0 i _ / sand; 10% micaceous silt; iron oxide mottling; moist.
0.1 / 15-18.5: No Recovery.
0.1 4 - 7, - #2/16 Monterey
/ Sand Filter
7] - 4 185 Pack
1 / 18.5-19.5: Similar to 14.5-15.5".
4o0— / 19.5-20: Similar to above with change in color to Olive
0.1 NM 11"/60" 711 gray (5Y5/2) with increasing sands and decreasing iron
0.0 _ _ 4 oxide mottling. 20 feet of 4"
0.5 / 20-24: No Recovery. SCH 40 PVC
0.4 1 - / 0.010-slot
/ Slotted Screen
/ with Threaded
7/ 24.0 Couplings
24-25: Similar to above with change in color to Olive
brown (2.5Y4/4); saturated. 25.0
0.8 NM 18"/60" 777 25-28: No Recovery.
14 77
1.7 A,
0.7 - - / *-#2/16 Monterey
7 28.0 Sand Filter
] sm |- ~11 28-29: SILTY SAND: Olive brown (2.5Y4/2); 65% fine to Pack
_ N medium, subangular to subround, well graded sand; 25% . |29.0
GC \ micaceous silt; 10% clay; saturated. _ _ _ _ _ _ _ _ J
130 _|30.0
Continued Next Page
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907

PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW9

PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 9/12/07

Continued from Previous Page

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 10/24/07

~| . =
PID BLOW |RECOVERY 'E g2 LE)@ 2 'E
210 |a E
(ppm) [COUNTS|  (inches) & =l g |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ag ;| & [o)a)
RN ] o O
46.5 NM 38"/60" \\ 29-30: GRAVELLY CLAY: Light yellowish brown / N
9.6 i _ (2.5Y6/3); 60% pla}stlcoclay; 30% flne_tq coarse, / o - #2/16 Monterey
9.9 subangular gravel; 10% micaceous silt; saturated. _ _ __ | -~ "F£5-'1 sand Filter
1.8 | i | _30-32:No Recovery. "~ — 4320 b pack
ML w | 73232 5. VERY SANDY SILT: Light ofive brown (2.5Y5/3); , 325 |- -5
i GC 7_\ 50% micaceous silt; 35% fine, subround, well graded /4330 B
\\sand; 15% plastic clay; saturated.  _ _ _ _ _ _ _ _ _ Jy
4 -la \325-33: Similart029'-30'_ _ _ _ _ J :
ML 33-35: GRAVELLY SILTY CLAY: Light olive brown S S
-+35 (2.5Y5/3); 60% moderately plastic clay; 25% micaceous 350 |0 —— Threaded SCH
\silt; 15% fine to medium, subangular to subround gravel; / 40 PVC Bottom
- wet. Cap
- Total Depth of Boring = 35.5 feet bgs (with slough)
_ Total Depth of Well = 34.8 feet bgs
40 -
45 —
50 -
55 -
60 —
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Phase 11 Well Logs



111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PIW1
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/26/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID RECOVERY 'E g2 %@ g 'E
210 |a E
(ppm) (inches) & 3l o |< g LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
ng | 5 |& [e)a)
= Q] ()
S| 3" Cored asphalt (diameter 18") 0.2 i— Lockable Well
L _ “ .17 0.2-3: SLIGHTLY CLAYEY SILTY SAND: Olive-brown 4 N Cap
sm |- - (2.5YRA4/4); fine to coarse, subangular to subrounded, 4 k4 Concrete
L i St poorly graded sand; soft; medium plasticity silt; medium N X¥] Annular Seal
S stiff, low plasticity, very dark grayish brown clay balls;
| - _\rn_OEt_ _____________________ _30
sc [ / 3-4: SANDY CLAY: Similar to clay balls above; very dark
L 4,4~ grayish-brown (2.5YR3/2); fine to coarse, subangularto 4.0 Neat Cement
\ subrounded, poorly gradded sand; trace silt; moist. __ _ Grout
o — 5 —f 4-5: SILTY CLAY: Black (5Y2.5/1); trace micaceous silt;
30"/60 trace fine to medium, subrounded sand; medium plasticity;
- E soft clay; moist.
5-10: Similar to above with color change to dark olive-gray
o B (5Y3/2). 15 feet of 4"
2.1/0.2 Sch 40 PVC
r T Blank Riser
o B Borehole
2503 cL Diameter = 12"
T 10-14.5: Silimar to above.
o B Hydrated
0.8/0.2 PureGold
r T Medium
K "--] Bentonite Chips
0.7/0.2 ]
o - 145 |- .. & #2/16 Monterey
g —— == TR S T T T e~ —=————-" " [ [-]] Sand Filter
"/ 14.5-20: SANDY CLAY: Dark yellowish brown (10YR4/4); | Pack
0.9/0.2 45"/60" fine, subrounded, well graded sand; trace silt; medium
plasticity, moderately stiff clay; moist.
0.3/0.2
17.5-20: Iron oxide staining throughout. 20 feet of 4"
SCH 40 PVC
0.010-slot
Slotted Screen
1.2/0.2 48"/60" 20-21: Similar to above with decreasing clay; wet. \(’:V'th 'I;_hreaded
____________________________ 21.0 ouplings
7.0/0.2 Vo 21-24: SLIGHTLY SANDY CLAY; Dark yellowish brown
L | (10YRA4/4); fine to medium, subrounded, well graded sand,;
Ll minor micaceous silt; plastic, soft clay; wet.
15.3/0.2 C ]
B SV ______ 24.0
/ / 24-25: SANDY CLAY: Light olive gray (5Y6/2); fine to
o5 /4 coarse, subangular to subrounded, poorly graded sand; | 25.0
6.0/0.2 10"/60" 21 Nninor micaceous silt; stiff, low plasticity clay; moist.
L | 1l 25-30: SAND with SILT: Dark grayish brown (2.5Y4/2);
- fine to medium, subrounded, well graded sand; micaceous
- S silt wet. - #2/16 Monterey
3.6/0.2 A Sand Filter
r T St Pack
SP .l 1
L dsm bt
30— Continued Next Page
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SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617
Phone: (949) 752-5452
Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER PIwW1l

Naval Weapons Station-Seal Beach, Site 70

DATE DRILLED 3/26/08

Continued from Previous Page

~1 . =
PID RECOVERY 'E 2|2 (E)@ 2 'E
210 o E
(ppm) (inches) & sl o |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [e)a)
= (O] O
8.3/2.0 34"/60" 30-32: Similar to above with very dark gray clay "balls;" —
S, wet. “4& #2/16 Monterey
I ] 32.0 Sand Filter
: 32-35: SLIGHTLY SANDY SILT: Dark grayish brown
L | (2.5Y2/4); fine to medium, subrounded, poorly graded
5.2/0.2 sand; micaceous silt; moderately stiff, low plasticity clay;
ML .
L _ moist.
32.0/2.0 —35 35.0 Threaded SCH
R 40 PVC Bottom
] Total Depth of Borehole = 35.5 feet bgs Cap
40
45 +
50
55 A
60
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PIw2
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/27/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
Z21 7 |5 2z
RECOVERY |[E28| O |& &
(ppm) (inches) & sl o |< g LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
g | 5 |& [e)a)
= Q] ()
e 4" Cored asphalt (diameter 18") 0.3 Z— Lockable Well
L _ -9 0.3-0.8: GRAVELLY SILTY SAND: Dark grayish brown 3 RKae Cap
N (2.5Y4/2); fine to coarse, subangular to subrounded, R 2 Concrete
L 1sm b poorly graded sand; fine to medium, subangular, well N4 K¢ Annular Seal
RN graded gravel; micaceous silt; moist.
L | RN 0.8-4: Similar to above with change in color to Olive gray
b (5Y4/2) 40
I ) 5 SILTY CLAY Black (2.5v2.5/1); micaceous sit. | Neat Cement
L5 moderately stiff, high plasticity clay; moist.
30"/60" 5-10: Similar to above with color change to dark olive gray
L | (5Y3/2) with increasing depth.
o B 15 feet of 4"
2.3/0.3 Sch 40 PVC
r T Blank Riser
o B Borehole
20/0.3 L 1o I\C/It Diameter = 12
40"/60" 10-14: Similar to above with color change to olive gray
L | (5Y4.5/2) with increasing depth. Hydrated
0.5/0.0 PureGold
. | Medium
L . Bentonite Chips
1.1/0.2 ] R
i ] 14-15: Similar to above with trace fine to medium, T.-#St%o\/r}c? ,’:\A“?;terey
| 15 A7 subangular, poorly graded gravel; organic material "balls” __ ]15.0 Pack
2.0/0.3 48"/60" tl] \.andiron oxide staining throughout. _/
L | L AT 15-20: SILTY SANDY CLAY: Dark olive gray (5Y3/2); fine,
subrounded well graded sand; micaceous silt; moderately
L ] "Lr{|]  stiff, medium plasticity clay; moist.
111 ) Iron oxide mottling from 15-19.
o B 20 feet of 4"
3.2/04 cL SCH 40 PVC
o 4 ML 0.010-slot
| Slotted Screen
4.300.4 ageor | 227 [[M]|  20-22: similar to above. with Threaded
A Couplings
B ot - 22.0
28.5/0.5 A 22-25: CLAYEY SILTY SAND: Olive gray (5Y4/2); fine to
L _ A medium, subrounded, poorly graded sand; micaceous silt;
soft, low plasticity clay; wet.
I 7 / /
wee 25— SM (A4 - , : _
197/0.8 38"/60 /. 25-28: Similar to above with decreasing sand content; wet.
L _ AN
- y A & #2/16 Monterey
42.7/0.3 A 28.0 Sand Filter
- ML ITJJ[] ~28-28.5: SANDY SILT: Olive (5Y5/3); fine, subrounded, {285 Pack
L SM_ 21 A1 \ well graded sand; laminated micaceous silt; moist._ _ _ 7 129.0
49.8/0.4 ML DT \28.5-29: Similarto25-28. _ — _ _ _ _— — " " 7 _]295
L 20— AT\ /
30 Continued Next Page
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SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907

PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PIW2

PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/27/08

Continued from Previous Page

~| . =
IR 9 3o or
RECOVERY 2l 0 |
o ) Eo
(ppm) (inches) Us| o |< g LITHOLOGIC DESCRIPTION g5 WELL DIAGRAM
ng | 5 |& [o)a)
= Q] O
135/0.3 48"/60" 7 \29-29.5: Similarto 28-28.5. _ _ _ _ _ _ _ _ _ _ _ _ N ——
L <41 29.5-30: Similar to 28.5-29. & #2/16 Mont
SM /4  30-33: Similar to above. ‘1 Sand F”?:rerey
25.7/0.2 1 Pack
| O 4 33.0
7 33-34.5: SILTY CLAY: Olive (5Y4/3); micaceous,
. JCL % laminated silt; stiff, high plasticity clay; moist.
meyal ] 345 |HEH
| 35 ML RN 34.5-35: SANDY SILT: Olive (5Y5/3); fine, subrounded, 35.0 | 4 Threaded SCH
well graded sand; micaceous, laminated silt; moist. L 40 PYC Bottom
] Total Depth of Borehole = 35.5 feet bgs Cap
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PIW3
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/25/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Madified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID RECOVERY 'E g2 % Q g 'E
210 |a E
(ppm) (inches) & 3l o |< g LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
g | 5 |& [e)a)
= Q] ()
- (4") Cored asphalt (18" diam.) 0.4 Z— Lockable Well
L _ 0-4: GRAVELLY SILTY SAND: Olive Brown (2.5Y4/3); fine o K& Cap
to coarse, subangular to subrounded, poorly graded sand; % 2 Concrete
L 1L subangular medium to coarse, poorly graded gravel, N4 R Annular Seal
micaceous silt; moist.
B | ML
R N 777 4.0
4-5: SLIGHTLY SILTY CLAY: Black (2.5Y2.5/1); Neat Cement
CL ; - oy \ A . 5.0 Grout
|5 micaceous silt; moderately stiff; medium plasticity clay; ]
60"/60" \moist. 7
L | 5-10: Lithology similar to above with color change from
1.0/0.0 very dark gray (2.5Y3/1) to dark grayish brown (2.5Y4/2).
= — 15 feet of 4"
CL Sch 40 PVC
0.5/0.0 - y Blank Riser
= — Borehole
10 10.0 Diameter = 12
0.0/0.0 35"/60" cL 10-11: Similar to above 0
R B 777777 E 11.
0.7/0.0 11-13: Similar to above with "spongy" texture gz%gg%
o =4 CL 1 Y Medium
13.0 |*-:| [-::| Bentonite Chips
4.9/0.0 - CL 737/ _13-13.5: Similar to 5-10 ftwith light gray clay seams, _ _ _ 135 .- |~
L _ 13.5-15: SLIGHTLY SANDY CLAY: Very dark grayish <& #2/16 Mont
CL / brown (10YR3/2); fine, well-graded, subrounded sand; | sand F“?;erey
L 15 4 trace micaceous silt; stiff; medium plasticity clay; moist, ~_ 115.0 Pack
1.8/0.0 50"/60" \lron oxide staining throughout. _ _ _
L ] 15-17.5: Similar to above with increasing sand content
1.8/0.0 ML
ol o] 17.5
L | 17.5-20: SANDY CLAY: Very dark grayish brown 20 feet of 4"
0.0/0.0 (2.5Y3/2); fine to medium subrounded, poorly graded SCH 40 PVC
L | sand; trace micaceous silt; stiff, medium plasticity clay; 0.010-slot
A moist; iron oxide staining throughout. 200 Slotted Screen
R —20 SR ; ; : ' with Threaded
2.3/0.0 28"/60 R 20-24: SLIGHTLY CLAYEY SILTY SAND: Dark grayish Couplinas
L _ BN brown (2.5Y4/2); fine to medium subrounded, poorly piing
9.3/0.0 IR graded sand; micaceous silt; trace, soft, high plasticity
L 4 sm 1 clay; wet.
58.1/0.0 Sl
B R A O 24.0
ML /i/ |~ 24-25: SLIGHTLY SANDY CLAYEY SILT: Grayish brown
| o5 palp (2.5Y5/2); fine to coarse, subangular to subrounded, ~125.0
18.6/0.0 30"/60" -{]-] \ poorly graded sand; moderately stiff, medium plasticity /
L | b clay; micaceous silt; moist._
sl 25-30: SILTY SAND: Olive brown (2.5Y4/33); fine to
L ] medium subrounded, sand; micaceous silt; wet.
51.3/0.0 B = #2/16 Monterey
SM Sand Filter
- y Pack
75.7/0.0 C ]
L 30 o I 30.0
Continued Next Page
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SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PIW3

Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/25/08

Continued from Previous Page

AE NN Ox
(;g?]) RE(ECOFYeE?Y & g 8 % O LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
oo | 5 |- oY=}
= Q] O
50"/60" sMm [1:F|  30-31: Similar to above; wet. 310 —
B o 1.
16.5/0.0 ML /i/ |~ 31-32: CLAYEY SILT; Olive gray (5Y5/2); micaceous silt; : .-#S%o\/r}c? 'gllil?grterey
L LAl _stiff, medium plasticity clay; moist. _ _ _ _ _ _ _ _ _ _ _ | 320 Pack
sMm 32-33: Similar to 30-31 ft.
B R 33.0
7.8/0.0 ML /i/ | 33-34: Similar to 31-32 ft.
B o ____] 34.0
sm 1| 34-35: Similar to 32-33 ft. 350
—35 L - |7 e Threaded SCH
273/0.0 Total Depth of Boring = 35.5 ft bgs SN 40 PVC Bottom
) Added 5 gallons of water for heaving sands. Cap
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW?2
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/26/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID RECOVERY E g2 % Q 2 'E
210 |a E
(ppm) (inches) & sl o |< g LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
g | 5 |& [o)a)
= Q] ()
4" Cored Asphalt(diameter 18") 0.3 Z— Lockable Well
L _ 0.25-4: GRAVELLY SILTY SAND: Yellowish brown 7 A Cap
(10YR5/4); fine to coarse subangular to subrounded, 9 e CONCrEtE
L 4 sm : poorly graded sand; micaceous silt; fine to coarse, K X¥] Annular Seal
S subangular, poorly graded gravel; moist; some iron oxide Borehole
L _ el staining. Diameter = 12"
B 1 4.0
4-10: SILTY CLAY: Dark olive gray (5Y3/2) to Olive gray Neat Cement
L5 (5Y4/2); micaceous silt; moderately stiff, medium plasticity
26"/60" clay; moist.
1.7/0.2 C ]
o <4 CL 15 feet of 4"
Sch 40 PVC
r T Blank Riser
T B 777 10.0
1.8/0.5 40"/60" / 10-15: Similar to above with color change at 14.5 to brown
L _ (10YR4/3) Hvd
ydrated
1.2/0.2 PureGold
r 1 1 Y Medium
1.6/0.2 CL ~-] |"-] Bentonite Chips
B 7 1 |1 #2/16 Monterey
[0l Sand Filter
B T 1 | Pack
15 15.0 |. .
2.3/0.4 40"/60" 15-20: SLIGHTLY SILTY SANDY CLAY: Dark yellowish
L | brown (10YR3/4) fine to medium, subrounded, poorly
1.9/0.2 graded sand; minor micaceous silt; moderately stiff,
L | medium plasticity clay; moist.
CL
o B 20 feet of 4"
3.0/0.6 SCH 40 PVC
r T 0.010-slot
20.0 Slotted Screen
2.1/0.6 48"/60" 20 % 20-21.5: Similar to above with decreasing clay and chgﬂ 'I;ir;resaded
. JCL increasing sand contents. piing
4.3/0.9 748 21.5
L _ AN 21.5-24.5: SILTY CLAYEY SAND: Olive brown (2.5Y4/3);
1. fine to medium subrounded, poorly graded sand;
L | : micaceous silt; medium plasticity; soft; clay; wet.
4.2/0.7 /)
] Al ] 24.5
o5 | 24.5-25: SLIGHTLY SANDY CLAYEY SILT: Dark grayish ~ _ 25.0
9.1/0.0 30"/60" \ brown (2.5Y4/2); trace, fine to medium, subrounded, /
L \ poorly graded sand; laminated micaceous silt; low /~126.0
VI \ \plasticity, soft clay; moist; heavily bioturbated. _ _ _ _ __ /265
L . -] || 25-26: SLIGHTLY SANDY CLAY: Dark grayish brown | e #2/16 Monterey
6.1/0.8 “Fe1i1 \V(10YRA4/2); trace, fine to coarse, subangular, soft; low | Sand Filter
- )] \\plasticity clay; wet; heavily bioturbated. _ _ _ _ _ _ _ Pack
Ll 26-26.5: SILTY CLAY: Olive gray (5Y5/2); micacecous silt;
- - -1 \soft; low plasticity clay;wet; heavily bioturbated.
16.4/0.7 “|[.}7| 25-26: SILTY CLAY; Olive gray (5Y4/2); micaceous silt; 0.0
30 1 Continued Next Page 1

PAGE 1 OF 2




SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907

PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW?2

PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/26/08

Continued from Previous Page

— . =
PID RECOVERY |E 2 3 Lf)w <
210 |a E
(ppm) (inches) & 3l o |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ng | 5 |& [e)a)
R=3 Q] O
52"/60" ,H, Jine to medium subrounded, poorly graded sand; wet. _ —
L 30-31: CLAYEY SILT: Light olive brown (2.5 Y5/3); ~|31.0
33.1/0.6 \ alternating laminations of clay and silt; micaceous silt; soft; ; R
S \high plasticity claymoist__ _ ___ __ ______/ . 4% #2/16 Monterey
4 31-32.5: SILTY CLAY: Olive (5Y5/3); micaceous silt; , 4325 | Sand Filter
L . \ moderately stiff, medium plasticity clay; moist some / Pack
27.0/0.8 \iron-oxide staining _ _ g
L /4 32.5-34: Similar to 30-31 with trace subangular to — 34.0
| r Subrounded, poorly graded, fing to medium gravel. _ _ ; ..
| 35 A1 | "34-35. CLAYEY SANDY SILT: Olive gray (5Y4/2); fine, 350 | ‘o1 Threaded SCH
29.7/0.9 \subrounded sand; soft, high plasticity clay; micaceous silt; / S 20 40 PVC Bottom
- moist. Cap
Total depth of bore hole is 35.5 ft bgs
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW3
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/31/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS Port designation are labeled correctly
~| . =
PID RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) (inches) & 3l o |< 9 LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
g | 5 |& [e)a)
= Q] ()
2" asphalt. 0.2 Slip Cap
L | Upper 5 ft lithology same as other borings. Concrete
Annular Seal
5 . 5.0
0.0/0.0 40"/60" sm 13| 5-6: GRAVELLY SILTY SAND: Yellowish brown
L 11 (10YRS5/6); fine to coarse subangular to subrounded, ~ 6.0 Neat Cement
\ poorly graded sand; fine to coarse, subangular, poorly / Grout
- \graded gravel; micaceous silt; maist._ _ _ _ _ _ _ _ _
6-10: SILTY CLAY: Very dark grayish brown (2.5Y3/2);
L 4 cL micaceous silt; soft, high plasticity clay; moist.
ML
10 . . . 100 Diamersy = 12°
40"/60" 10-14.5: Similar to above with color change to olive gray
L _ (5Y4/2).
0.0/0.0 T lcu
B | ML
1.9/0.2 T oo ______ |15 Hydrated
| 15— CL /4_ 14.5-15: SLIGHTLY SANDY SILTY CLAY: Dark grayish ~115.0 Medium
42"/60" ML 7/ \ brown (10YR4/2); fine to coarse subangular to / . :
f Cmi e . Bentonite Chips
L _ ~| \ subrounded, poorly graded sand; micaceous silt; soft; /
cL Y| \highlyplasticity clay; moist.  ___ _ ___ _____/J PORT 4 (16 to
L ] g 15-18: GRAVELLY SANDY CLAY: Brown (10YR4/3); fine 17 feet bgs)
/ to coarse, subangular to subrounded; poorly graded sand;
- 4 _soft, medium plasticity clay;wet._ "~ _ {180
y 18-20: CLAYEY SAND: Dark yellowish brown (10YR4/4);
- - Sy fine to medium, subangular, well graded sand; trace Cetco Coated
1.6/0.2 e micaceous silt; moderately stiff, medium plasticity clay; Bentonite
| A : _120.0
F- 20 SfS—-moist._ ____ _ __ _ _ _ _ __ _________ ~ Pellets
8/60 /1| 20-25: CLAYEY SAND: Dark yeliowish brown (10YR4/4);
- E A fine to medium, subangular, well graded ; trace micaceous
’ silt; soft; medium plasticity clay; wet.
SM PORT 3 (22 to
o T 23 feet bgs)
Cetco Coated
—25 T i S R T Y R T Oy e e S AT T T T — ] 25.0 Bentonite
30"/60" S 25-27: SLIGHTLY CLAYEY SILTY SAND: Olive brown Pellets
| dsm i1 (2.5Y4/4); fine to medium subangular, well graded sand; #2/16 Montere
el micaceous silt; trace clay; wet. Sand Filt y
i o 27.0 =il
“/ 27-28: SLIGHTLY GRAVELLY CLAYEY SAND: Light olive
L sC 4 brown (2.5Y5/3) fine to medium, subangular well graded ~ _ |28.0 g?Fthb(% to
]\ sand; fine to meidum subangular, poorly graded gravel; eet bgs)
Y \soft, high plasticity clay;wet. _ _ _ _ _ _ __ _ __ _
28-30: SLIGHTLY CLAYEY SILTY SAND: Olive (5Y4/4); 30.0
30 1 Continued Next Page 1
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW3

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 3/31/08

Continued from Previous Page

~1 . =
IR 9 3o or
RECOVERY 2l 0 |
) [a R - O LITHOLOGIC DESCRIPTION Ea
m h L n < ZuW
(ppm) (inches) a g 5 | - [o)a)
= Q] O
58"/60" sc 7 I\ fine to medium subangular, well graded sand; micaceous /
L /4 \silt; trace clay,wet, 44310
| \303L Similar 02728 __ _ _______ """
L CcL 31-33: SILTY CLAY: Olive (5Y4/3); micaceous silt;
ML moderately stiff, high plasticity clay; moist. 330
- ML [] ;Z ~ 33-33.5: SILT: Olive (5Y5/4); laminated micaceous silt; ~_ |33.5
L CL 4 \moist. _// {34.0
ML \33.5-34: Similar t0 31-33 drytomoist._ _ _ _ _ _ _ _
|35 ML 34-35: SLIGHTLY SANDY SILT: Olive (5Y4/4); fine, weII 35.0
graded, subangular sand; laminated micaceous silt; moist.
i Total Depth of Boring = 36 ft bgs.
40
45
50
55
60

WELL DIAGRAM

Cetco Coated
Bentonite
Pellets

4 PORT 1 (34 to
35 feet bgs)
#2/16 Monterey

Sand Filter
Pack

PAGE 2 OF 2



SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

PROJECT NUMBER
PROJECT NAME
LOCATION
DRILLING METHOD
SAMPLING METHOD
GROUND SURFACE ELEVATION (FT MSL)

TOP OF CASING ELEVATION (FT MSL)

111 Academy, Suite 150

Irvine, CA 92617
Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW4

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 4/1/08

Naval Weapons Station-Seal Beach

CASING TYPE/DIAMETER

CME 75 Hollow Stem Auger

4" Schedule 40 PVC

SCREEN TYPE/SLOT

5' CA-Modified Split Spoon

4" PVC 0.010 Slot

GRAVEL PACK TYPE

#2/16 Lapis Lustre Sand

GROUT TYPE/QUANTITY

Neat Cement Grout / Medium Bentonite Ch

STATIC WATER LEVEL (FT BELOW TOC)

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS Port designation are labeled correctly
~| . =
Z21 7 |5 2z
RECOVERY |[E28| O |& s
(ppm) (inches) & 3l o |< 9 LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
g | 5 |& [e)a)
= Q] ()
2" thick asphalt cone (18"diamter) . Slip Cap
L | See other logs for lithology; it does not vary between Concrete
holes. Annular Seal
5 5.0
26"/60" 5-10: SILTY CLAY: Black (2.5Y2.5/1) to olivy brown
L _ (2.5Y4/3); micaceous silt; high plasticity; soft clay; moist. Neat Cement
0.0/0.0 Grout
CL
0.0/0.0 oM
Borehole
0.0/0.0 PP N 777 10.0 - aom
60"/60" 10 10-14: Similar to above with color change to olive gray Diameter = 12
L | (5Y4/2) to grayish brown (2.5Y5/1).
0.0/0.0
- 4 CL
ML
0.0/0.0 C ]
o ————— e ________ 140 Hydrated
0.0/0.0 cL 14-15: SLIGHTLY SANDY SILTY CLAY: Dark yellowish PureGold
L brown (10YR4/4); fine to coarse, subangular to ]15.0 :
" " 15 VIC A . r Medium
28"/60 cL \ subrounded; poorly graded sand; micaceous silt; / Bentonite Chips
= M \moderatly stiff, medium plastic clay, maist. _ _ _ _ _ _ /1 16.0 PORT 5 (15.5
0.2/0.1 \15-16: Similar to above; water visible. to 16.5 feet
L ] 16-20: SANDY CLAY: Dark yellowish brown (10R4/4) to bgs) '
dark grayish brown (2.5Y4/2); fine to medium,
- 4 CL subrounded, well graded sand; stiff, low plasticity clay;
0.4/0.2 ML moist.
20.0
A —20 S EsT e R T T T T T ————— ] Cetco Coated
1.0/0.0 32"/60 20-22: Similar to above Bentonite
6.8/0.1 o <4 CL Pellets
R N 7/ 9 B 22.0
* subangular to subrounded, medium gravel in upper part
14.8/0.2 N _ RN of core barrel from 20-25, slough? PORT 4 (22.5
SM ||| 235f
L PV L] 22-25: SLIGHTLY CLAYEY SILTY SAND: Olive brown oy et
29.1/0.2 2.5Y4/3); fine to medium subrounded well graded
I L o5 micaceous silt; trace, soft, high plasticity clay; wet. 25.0 Cetco Coated
18"/60 25-29.5: Similar to above with more medium grained Bentonite
L . sand. Pellets
0.3/0.2 L #2/16 Monterey
r T R Sand Filter
0.4/0.2 SM -] Pack
B 7 PORT 3 (26.5
to 27.5 feet
0.9/0.2 I O K 295 bgs)
Y 1Y | 29.5-30: GRAVELLY SILTY SAND: Olive (2.5Y4/3); fine to __|30.0 Cetco Coated

Continued Next Page
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

BORING/WELL CONSTRUCTION LOG

PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW4
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 4/1/08
Continued from Previous Page
—~1| . =
PID RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) (inches) & 3l o |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
ng | 5 |& [e)a)
= Q] O
60"/60 SM [-[-] ] \ coarse, subrounded, poorly graded sand; fine to medium, ,7_130.5 ~.{ Bentonite
- 4w | \\subangular, poorly graded gravel; micaceous silt; wet. _ _j, v Pellets
| \30-30.5: Similar to above. /315 1] PORT 2 (30 to
— \ 30.5-31.5: SLIGHTLY SANDY SILT: Light olive gray / 31 feet bys)
CL \ (5Y6/2); fine, subrounded well graded sand; laminated
- ML P24 \micaceoussittmoist. _ _ _ ___ __ __ ___ __ / {330
| \ 31.5-33: SILTY CLAY: Light gray (2.5Y7/2); micaceous
- A MEJ]||] \siit moderately stiff, medium plasticity clay: moist._ _ _ |, 1 PORT 1 (335
A~ 33-34.5: SANDY SILT: Olive 2/5Y4/3); fine, subrounded ~_—|>* 1 to 34.5 feet
35— CL \ well graded sand; laminated micaceous silt; moist, ;{350 T bgs)
ML 34.5-35: Similar to 31.5-33". #2/16 Monterey
- E Total Depth of Boring = 36 ft bgs. Sand Filter
Pack
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP
Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

PMWS

PROJECT NUMBER
PROJECT NAME
LOCATION
DRILLING METHOD
SAMPLING METHOD
GROUND SURFACE ELEVATION (FT MSL)

BORING/WELL NUMBER
DATE DRILLED 4/1/08
CASING TYPE/DIAMETER 4" Schedule 40 PVC

SCREEN TYPE/SLOT 4" PVC 0.010 Slot

GRAVEL PACK TYPE #2/16 Lapis Lustre Sand

GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
STATIC WATER LEVEL (FT BELOW TOC)

Naval Weapons Station-Seal Beach
CME 75 Hollow Stem Auger
5' CA-Modified Split Spoon

TOP OF CASING ELEVATION (FT MSL)

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS Port designation are labeled correctly
~| . =
Z21 7 |5 2z
RECOVERY |[E28| O |& &
(ppm) (inches) & 3l o |< 9 LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [e)a)
= Q] O
| —
2" Cored asphalt (18"diameter) 0.2 JJ& ke Slip Cap
L | See other logs for lithology; it does not vary between W Concrete
holes. NS Annular Seal
5 5.0
22"/60" cL 5-6: GRAVELLY SILTY SAND: Yellowish brown (10YR
L 5/6); fine to coarse, subangular to subrounded, poorly 6.0
Mt - 9 . Neat Cement
0.0/0.0 \ graded sand; micaceous silt; fine to medium, subangular, Grout
-] \poorly graded gravel; moist. _ _ _ _ _ __ __ _
6-10: SILTY CLAY: Black (2.5Y2.5/1) to dark olive;
L 4 cL micaceous silt; moderately stiff, high plasticity clay; moist.
0.0/0.0 ML
10.0 Borehole
0.00.0 soeo [ 10 ~10-13.5: Similar (0 above with color change fo olive gray | Diameter = 12
L _ (5Y4/2).
L ] CL
ML
0.0/0.0 ] Y 13.5
L _ 13.5-15: SLIGHTLY GRAVELLY SILTY CLAY: Dark L
CL yellowish brown (10YR4/4); micaceous silt, fine to
. | 15— ML - medium, subangular to subrounded, poorly graded gravel, . ]15.0 Hydrated
46"/60 CcL \ moderatly stiff, high plasticity clay; moist; "balls" of black ~ , PureGold
- M \organicclay. _ /{160 Medium
\15-16: Similartoabove  _ _ __ _ _ _ _ Bentonite Chips
L _ 16-19: SANDY SILTY CLAY: Brown (10YR5.3) to
1.9/0.0 cL yellowish brown (10YR5/4); fine, subrounded, well graded PORT 4 (17 to
- 4 ML sand; micaceous silt; stiff, medium plasticity clay; moist; 18 feet bgs)
iron-oxide mottling throughout. 190
1.0/0.0 - cL " 19-20. Sinilar to above with color change o olive gray |
—20— Mt 642 _ _ _ - 20.0 Cetco Coated
34"/60" 20-22: Similar to above; moist to wet. Bentonite
14.3/0.0 o 1 '\(it Pellets
B i ] 22.0
9.3/0.0 Nl 22-24.5: SLIGHTLY CLAYEY SILTY SAND: Olive gray
L _ BN (5Y4/2) to oive brown (2.5Y4/3); fine to medium
SM {7 subrounded poorly graded sand; micaceous silt; trace PORT 3 (23 to
L ] clay; wet.
15.9/0.0 ENE . 245 24 feet bgs)
o o5 CL Z— \Organic layersat 23.5'and24'. _ _ ___ 4 ,4250 Cetco Coated
26"/60 ML |-4"}.| \ 24.5-25: SILTY CLAY: Light gray (2.5Y7/2); micaceous Bentonite
S 1e1-] \silt; soft low plasticity clay; moist. _ _ _ _ _ _ _ _ _ _ J Pellets
0.0/0.0 Slell 25-29.5: Similar to 22-24.5'; wet, #2/16 Monterey
0.9/0.0 [ T sm | Sand Filter
- 1 PORT 2 (27 to
11 28 feet bgs)
0.4/0.0 | 295
30 ML [TITIT]_ ™ 29.5-30: SLIGHTLY SANDY SILT: Light olive gray _130.0
Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW5S

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 4/1/08

Continued from Previous Page

~| . =
Z21 7 |5 2z
RECOVERY |[E2| O |& &
(ppm) (inches) & sl o |< g LITHOLOGIC DESCRIPTION E & WELL DIAGRAM
g | 5 |& [e)a)
= Q] O
54"/60" SM L ,_\\ (5Y6/2); fine, subrounded well graded sand; micaceous /. 130.5 Cetco Coated
- ML | ;—\ éllL. mOI_St_ ___________________ J/,— 31.0 Bentonite
19.7/0.0 \\30-30.5: Similar to 25-29.55wet. _ _ _ _ _ _ _ _ _ _ 1/ Pellets
R \30.5-31: Similart0 295-30. _ _ _ _ _ _ _ _ _ _ _ _ /
ML L 31-325:Similarto 245-25" _ _ __ _ _ __ ____ {325
L 4 ML 32.5-33.5: SLIGHTLY SANDY SILT: Olive gray (5Y5/2);
87.4/0.0 | laminated micaceous silt; trace; fine, well graded, ~ 33.5
- 4 ML Subrounded sand;moist. _ _ _ _ _ _ _ =1 PORT 1 (335
14.5/0.0 1 '33.5-34.5: SANDY SILT: Olive (2.5)Y4/3); fine, well {345 "1 10 34.5 feet
—35 I\C/It L\ graded, subrounded sand; laminated micaceous silt; /- 35.0 T« bgs)
moist. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ ___ _y #2/16 Monterey
. 34.5-35: Similarto 31'-32.5"._ _ _ _ _ _ _ _ _ _ _ _ J Sand Filter
Total Depth of Boring = 35.9 ft bgs Pack
— Heaving Sands from 28-35 ft bgs
Added 5 gallons of water to borehole when heaving sands
1 encountered.
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW6
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/27/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID RECOVERY 'E g2 %@ 2 'E
210 |a E
(ppm) (inches) & 3l o |< g LITHOLOGIC DESCRIPTION 2 & WELL DIAGRAM
g | 5 |& [o)a)
= Q] ()
o7 T 4 Coredasphalt 18" diam). _ ______ __ __ _ ~l0.2 Lockable Well
N 4—SM 7\ 0.3-0.8: GRAVELLY SILTY SAND: Brown (10YR4/3); fine /—0.8 Cap
\to coarse, subangular to subrounded, poorly graded sand; / 9 K dg. CONCrete
L Jine to medium subangular gravel; micaceous silt; moist. _| N4 RS Annular Seal
CL 0.8-4: SLIGHTLY CLAYEY SILTY SAND: Olive gray Borehole
L 4 ML (5Y5/2); fine to coarse, subangular to subrounded, poorly Diameter = 12"
graded sand; micaceous silt; soft, medium plasticity clay; 4.0
= Zn moist_ ___ ____ _ ______________ ——" Neat Cement
CcL 4-5: SILTY CLAY: Black (2.5Y2.5/1); micaceous silt; soft, Grout
v 5 —ME _high plasticity clay; moist. —~ >0
26"/60 5-10: Similar to above with color change to very dark gray
- E 5Y4/1) with depth.
1.5/0.6 (5Y4/1) with dep
o B 15 feet of 4"
CL Sch 40 PVC
- 4 ML Blank Riser
2.6/0.9 C ]
10 10.0
50"/60" 10-14: Similar to above with color change to dark gray
L | (5Y4/1) with depth. Hvd
ydrated
3.8/08 PureGold
o =4 CL 1 Y Medium
ML “.+| |-:-| Bentonite Chips
B 7 1 |1 #2/16 Monterey
3.1/0.8 140 [.-] [ -] SandFilter
cL 14-15: SLIGHTLY SANDY CLAY: Brown (LOYRA4/3); fine, ] || Pack
15 subrounded, well graded sand; trace micaceous silt; ~ 15.0
3.8/0.4 42"/60" \ moderately stiff, high plasticity clay; moist; "balls" of /
L \organicrichglay.  _ _ __ _ __ ___ _ __ _ __
15-19: Similar to above with increasing sand with depth
L 4 cL and color banding of brown and dark olive gray.
3.3/0.3
o B 20 feet of 4"
SCH 40 PVC
o A o T T e e T T T T T e T e — 19.0 0.010-slot
sc 4/ 19-20: CLAYEY SAND: Dark olive gray (5Y3/2); fine, Slotted Screen
o0 /4 subrounded, well graded sand; trace micaceous silt; 200 with Threaded
5.4/0.5 20"/60" ] Nmoderately stiff, medium plasticity clay; moist, _/ Counlings
L L sm il 20-22 SLIGHTLY CLAYEY SILTY SAND: Olive gray ping
el (5Y4/2); fine to medium, subrounded, well graded sand;
L Sl micaceous silt; moderately stiff, medium plasticity clay; 22.0
8.4/0.6 S0 moist to wet.
- - RN 22-25: SILTY SAND: Olive gray (5Y4/2); fine to medium,
SM | " subrounded, well graded sand; micaceous silt; wet.
o5 S 25.0
36.4/0.0 30"/60" S| 25-30: Similar to above.
- R - #2/16 Monterey
37.1/0.5 SM 1) Sand Filter
r T Pack
24.7/0.1 C ]
L 30 ) 30.0
Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW6

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 3/27/08

Continued from Previous Page

~| . =
£8 4 5o oF
RECOVERY 2l 0 |
o ) Ea
(ppm) (inches) Us| o |< g LITHOLOGIC DESCRIPTION g5 WELL DIAGRAM
ng | 5 |& [e)a)
= Q] O
48"/60" 30-32: Similar to above. —]
15.5/0.2 N 420 L
[ _____________ _____ —_—_———— - ——— ] . .._
CL ]~ 32-32.5: SILTY CLAY: Oiive (5Y5/3): micaceous silt; 1325 L #S%o\/r}c? y”?;terey
L ML \ moderately stiff, high plasticity clay; moist. _ _ _ _ _ _ Pack
25.6/0.3 ML 32.5-34.5: SLIGHTLY SANDY SILT: Light olive brown
L | (2.5Y5/3); fine, well graded, subrounded sand; laminated
| _micaceous silt; trace high plasticity, soft clay; moist. _ __ _ _{34.5
. | 35| ML - 34.5-35: SANDY SILT: Olive (5Y4/4); fine, well graded, ~ - {35.0 Threaded SCH
86.3/0.4 subrounded sand; micaceous silt; moist. _ _ _ _ _ _ _ J 40 PVC Bottom
- Total Depth of Boring = 35.5 ft bgs. Cap
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

SEALBEACH SEALBEACH.GPJ NEWGINT.GDT 4/28/08

Phone: (949) 7525452 BORING/WELL CONSTRUCTION LOG
Fax: (949) 725-3907
PROJECT NUMBER 50999-56254-6225.001.TK4.EQUIP BORING/WELL NUMBER PMW7
PROJECT NAME Naval Weapons Station-Seal Beach, Site 70 DATE DRILLED 3/27/08
LOCATION Naval Weapons Station-Seal Beach CASING TYPE/DIAMETER 4" Schedule 40 PVC
DRILLING METHOD CME 75 Hollow Stem Auger SCREEN TYPE/SLOT 4" PVC 0.010 Slot
SAMPLING METHOD 5' CA-Modified Split Spoon GRAVEL PACK TYPE #2/16 Lapis Lustre Sand
GROUND SURFACE ELEVATION (FT MSL) GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch
TOP OF CASING ELEVATION (FT MSL) STATIC WATER LEVEL (FT BELOW TOC)
LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
~| . =
PID RECOVERY 'E g2 %@ g 'E
a2|Q |a Eao
(ppm) (inches) Us| o |< g LITHOLOGIC DESCRIPTION g5 WELL DIAGRAM
ng | 5 |& [e)a)
= Q] ()
4" Cored asphalt (18" diam.). % Z— Lockable Well
i | 5 e cap
0-4: GRAVELLY SILTY SAND: Olive-brown (2.5Y 4/3); 9 K e CONCIETE
L 4 sm subangular to subrounded, poorly graded sand; medium N4 K¢ Annular Seal
GM to coarse, subangular, poorly graded gravel; micaceous Borehole
- - silt; moist. Diameter = 12"
T T T T R e e v el Y R A BInaL (3 BRI o T — — 4.0 Neat Cement
cL // 4-5: SLIGHTLY SILTY CLAY: Black (2.5Y5/1); micaceous Grout
5 _silt; moderately stiff, medium plasticity clay; moist_ _ _ _ _ | 5.0
42"/60" 5-10: Similar to above with color change to very dark
L | grayish brown (2.5Y3/2) with depth.
0.0/0.0
= - 15 feet of 4"
CL Sch 40 PVC
- . Blank Riser
0.0/0.0 C ]
T N 777 10.0
42"/60" 10-14.5: Similar to above with color change to olive brown
L | (2.5Y4/4) at base; trace fine to medium, subangular, Hydrated
poorly graded gravel from 13-14.5'". PureGold
T ] oL B B Vvedium
=1 |--1 Bentonite Chips
- - -J®#2/16 Monterey
| 1.-°{ Sand Filter
| 15— CL //2_ 14.5-15: SANDY CLAY: Dark yellowish brown (10YR4/4); _]15.0 5
0.7/0.1 58"/60" sSC “/ \ trace, subrounded, well graded sand; micaceous silt; stiff,
L | /] \ medium plasticity clay; moist, iron oxide staining and /
« \'balls" organic-richclay.
L ] e 15-20: Similar to above with no "balls" of clay; alternating
CL bands of dark yellowish brown/olive brown; moist
- 1 SC 20 feet of 4"
SCH 40 PVC
r T 0.010-slot
Slotted Screen
_20 y | T AA A e L T T T T T T T T T T T T T 200 WithThreaded
4.6/0.1 20"/60" / 20-23: Similar to above with increasing sand content. h
/ Couplings
CL
- 4 SC %
B A 23.0
S 23-25: SLIGHTLY CLAYEY SILTY SAND; Yellowish
L Jsm |1 brown (10YR 5/4); fine to medium, well graded,
S subrounded sand; micaceous silt; soft, low plasticity clay; 250
—25 cldq wet. — %>
97.3/0.1 24"160" Se%ele 25-30: SLIGHTLY SILTY SAND: Olive brown (10YR 4/4);
L | otele? medium, subrounded, well graded sand; minor micaceous
S silt; wet.
- veee = #2/16 Monterey
SW [eges Sand Filter
L ] o Pack
20 B _ 30.0
Continued Next Page
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW7

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 3/27/08

Continued from Previous Page

PID = gl % Q E’ =
RECOVERY 2l 0 |
o ) Eo
(ppm) (inches) Us| o |< 9 LITHOLOGIC DESCRIPTION g5 WELL DIAGRAM
g | 5 |& [e)a)
= Q] O
140.0/0.1 30"/60" ce.eoes|  30-33: Similar to above; wet. —
I RSSO . 4% #2/16 Monterey
i R0 I 33.0 R gzglc(i Filter
;_ 33-33.5: SILT: Olive (5Y4/3); laminated micaceous silt; 1335
L dcL \moist _ _ _ _ _ ___ __ __ ____ _____ J
M 33.5-34.5: SILTY CLAY: Olive (5Y /4); laminated {345
| 351 ae \ micaceous silt and stiff, high plasticity clay; moist __ _ ;~_{35.0 Threaded SCH
152/0.2 34.5-35; SLIGHTLY SANDY SILT: Olive (5Y 4/4); fine, 40 PVC Bottom
| subrounded, well graded sand; laminated micaceous silt; Cap
moist to wet.
- Total Depth of Boring = 35.5 ft bgs.
40
45 +
50
55
60
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111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452
Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

PROJECT NUMBER

PROJECT NAME

Naval Weapons Station-Seal Beach, Site 70

LOCATION

Naval Weapons Station-Seal Beach

DRILLING METHOD

CME 75 Hollow Stem Auger

SAMPLING METHOD

5' CA-Modified Split Spoon

GROUND SURFACE ELEVATION (FT MSL)

BORING/WELL CONSTRUCTION LOG

BORING/WELL NUMBER PMW8

DATE DRILLED 3/26/08

CASING TYPE/DIAMETER 4" Schedule 40 PVC
SCREEN TYPE/SLOT 4" PVC 0.010 Slot
GRAVEL PACK TYPE #2/16 Lapis Lustre Sand

GROUT TYPE/QUANTITY Neat Cement Grout / Medium Bentonite Ch

TOP OF CASING ELEVATION (FT MSL)

STATIC WATER LEVEL (FT BELOW TOC)

LOGGED BY Kristeen Bennett GROUND WATER ELEVATION (FT MSL)
REMARKS
3|4 |3, o
PID RECOVERY |5 21 O |2 LITHOLOGIC DESCRIPTION Ea WELL DIAGRAM
(ppm) (inches) o | v (<3 Z W
g | 5 |& [e)a)
= Q] ()
4" Cored asphalt (18" diam.). Lockable Well
L i Cap
el 0-4: GRAVELLY SILTY SAND: Olive-brown (2.5Y 4/3); Concrete
L 4 sm (-|+]| fine to coarse, subangular to subrounded, poorly graded Annular Seal
SN sand; medium to coarse, poorly graded gravel; micaceous
L ] silt; moist.
L e 4.0 Neat Cement
cL / 4-5: SLIGHTLY SILTY CLAY: Black (2.5Y2.5/1); Grout
L5 micaceous silt; medium stiff, medium plastic clay; moist. 5.0
35"/60" 5-10: Similar to above with color change to dark olive gray
} L | (5Y3/2) with increasing depth.
3.2/0.0
o B 15 feet of 4"
CL Sch 40 PVC
r T Blank Riser
o B Borehole
1.9/0.0 10.0 Diameter = 12"
4.0/0.0 ageor [ 10 10-14; Similar to above,
o B Hydrated
PureGold
o =4 CL 5| Medium
--| Bentonite Chips
9.9/0.0 T B
- T T T AT U e R N T T T T T — — 14.0 " 4% #2/16 Monterey
cL 14-15: SLIGHTLY SANDY CLAY: Dark yellowish brown | sand Filter
L 15 (10YR4/4); fine, subrounded, well graded sand; stiff, low 15.0 Pack
3.9/0.0 52"/60" plasticity clay; trace micaceous silt; moist; some iron oxide
L | staining.
CL 15-18: Similar to above, organic clay balls from 15 to
L _ 15.25".
3.5/0.0 8.0
18.
o s . . . . 20 feet of 4"
18-20: Similar to above with no iron oxide staining. SCH 40 PVC
o =4 CL 0.010-slot
20.0 Slotted Screen
2o | sovor [ 20 [~ T20.22 CLAYEY SAND: Dark olive gray (GY3/2); fire o | with Threaded
L | medium, subrounded, well graded sand; soft, medium piing
plasticity clay; trace micaceous silt; wet. 220
22.5/0.0 - T~ 22-23: Similar to above with decreasing clay content. | 250
- “[717]" 23-25: SLIGHTLY CLAYEY SILTY SAND: Olive gray |
L Jsm |1 (5Y4/2); fine to medium, subrounded, well graded sand;
63.2/0.0 Mk micaceous silt; trace clay; wet. 250
060" | 2 | 725:29: Similar to above. ]
- 4 SM [ 2 - #2/16 Monterey
55.3/0.0 BN Sand Filter
r T Pack
L A 29.0
sm [l 29-30: Similar to above with increasing silt content. 300
30 Continued Next Page .
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PROJECT NUMBER
PROJECT NAME

111 Academy, Suite 150
Irvine, CA 92617

Phone: (949) 752-5452

Fax: (949) 725-3907

50999-56254-6225.001.TK4.EQUIP

BORING/WELL NUMBER PMW8

Naval Weapons Station-Seal Beach, Site 70

BORING/WELL CONSTRUCTION LOG

DATE DRILLED 3/26/08

Continued from Previous Page

~1 . =
PID RECOVERY 'E g2 LE)@ 2 'E
a2 | 0O |o Eo
(ppm) (inches) Us| o |< g LITHOLOGIC DESCRIPTION g5 WELL DIAGRAM
ng | 5 |& [o)a)
= Q] O
110/0.0 20"/60" 30-32: SILTY SAND: Olive gray (5Y4/2.5); fine to medium, "
L SM subrounded, well graded, sand; micaceous silt; wet. e #2/16 Monterey
: | Sand Filter
I o 320 o
18.3/0.0 32-34.5: SLIGHTLY SANDY SILT: Light olive brown
L (2.5Y5/3); fine, subrounded, well graded sand; laminated
166/0.0 ML micaceous silt; moist.
L SM
I 345
ML 34.5-35: Similar to above with increasing sand content 35.0
—35 - Threaded SCH
116/0.0 SM Total Depth of Boring = 35.5 ft bgs. 40 PVC Bottom
Cap
40
45
50
55
60
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Appendix E.4
Well Development Forms



1 oF T

WellNo.: A4 F W 1 ISite: Seo) Beach |Date: 3/ 20/0 7

Client: Project Number:

Weill Casing Diameter (inches): ‘j ! Well Casing Material: m SS Other:

Well Headspace: PID (ppm): &. O ~

Samplers: C had M arvsn  with CDM ith-Blaine-Feet

Total Depth of Well (feet): 35.0 2" - 0.16

Depth to Water (feet): j7.2 Z (X) 4" - 0.65 Galft. = H . 52 X)3=

Water Column Height (feet): | 7. 2 3 6" - 1.47 T Minimum purge volumg|

Well Reference Point: (gallons)

PURGE METHOD:  Submersible pump Bladder pump || Disposable bal_}
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):

Purge equipment decontaminated? Yg N |container type: 55 gallon Prum
R T A
Purge/decon water containerized? Y XINL] |volume: Bajled= 25 galiins  Pogped = 7 O oc))onrs
> Y <

Start Time: _Q 9 ; 8] Flow Rate:

. Temp. Conductivity | Turbidity | DO ORP DTW

Time Gallons };) PH (pr:hcljs}cn%’ (NT{Js)y magl) | (mv) |@Togy| Comments
101 | %3 2259 659 1729 |[dweo|3.99 [193.L St
1019 |«8 123949 (.50 | 5076 |>lo00 ) 2.59|162.8 ’
627 | X80 |22.67| (.53 | 5YiY% | >/me 1.2 | 1635 v
1036 | #35 | 2259 .o | 56 | dkoo| 1.9 | (625 ”
1095 |———|Begir to Pump Wre]l (23] | Pamping

1050 [iL5gpm |23.98 | (.38 | SGy/ | 595 | 243 |111.2 2048
1055 |vao 22491 G.Y0| 5919 | 221 | 0.89|86.0 |20.% "
1100 |30 [2236] (.Ye | bos) |$90 [0.70 960|235
105 pl.7gpm | 23.36] @-37| 009 | (4950699 9.2 12096 °
010 x40 | 234 LMo | )7 |J22|0.66 27220197 "
1105 | %tbogpel 2293 | €490 | (129 1183 |0 (51270 (2)97] °
120 |20 122.38| .29 | /23 |S6.7 0.6 | ¥E-3 | 2194
135 | = 0.7 233%| (90 | blho |45.7(0.6Y | o.Y {2201
D20 | 70 [ 23v0| . 40| (/5k | 8520|0.66| 3% [22.100 "

Chemets DO (mg/L):

Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: x”
pump;@ Flow_Rate: Sample ID: Sample Time:
Stainless ste
Bailer:@ Type:daispo;eebiee l Duplicate 1D: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

cm MONITORING WELL PURGE AND SAMPLING FORM




2 of 4

Time Gallons @"F)

Well No.: A Euwl lSite: Sec| feach iDate: Q/2) /07
Client: Project Number:
Well Casing Diameter (inches): Well Casing Material:  PVC _S8S  Other:
Well Headspace: PID (ppm):
Samplers: with CDM with Blaine Tech
Total Depth of Well (feet): 2" - 0.16
Depth to Water (feet): (X)4" - 0.65 Galfft. = X)3=
Water Column Height (feet): 6" - 1.47 T~ Minimum purge volume
Well Reference Point: . (gallons)
PURGE METHOD: Submersible pump D Bladder pump D Disposable baD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y D N D Container type:
Purge/decon water containerized? Y D N [:I Volume:

Start Time: Flow Rate:

Temp. Conductivity { Turbidity DO ORP DTW Comments

pH (umhos/cm) | (NTUs) | (mg/) | (mv) | TOC)

(140 | % 15 232.9Y
200 ’Mﬂ,@;’?.al

.Y | 2320 | |7 |1-§0 | 876 [20.-59| Pamping
.29 | L1 1% 171326 |22)3 |Parmg 3 Suq

1200 | *2g99m| 2353

66 | (//5 |j43 | o7 1749|230l

123 |x9% | 23.2]

4

£-3% | 925 |$5Y | )o8| j128123Y]

1290 | & 2gn| 22.0b

o

(.39 Sg30 |19 | 1.0Y]¢5.7 | 23.9]

1250 | % 290m| 2319

L) | LNl | 1853 | 0.8Y| 108.7]| 22.4| Atter sucpe

1300 | #(50| 23.3Y

o | 6289 | $2207) 0020 241

[30% | £ dgpm | 22.33

Gq3 | 7080 290 | 056|175 | | 21.38|Atec swege

ko | L4s) | jod | 0.76) 165 212427,

1329 | %250 | 23233
132G | = {95 | 21337

o9/ | 387 | jO03 |1).05 [ 97. 9 | 2063 | Affecsuce

13y % 2gpon 2340

X6 | (916 | (5.3 |0.25|93. 0 |21.23| buting

1345 | #2201 23.4

(P-:/(Q (;;7§~? 49 A1 S| L Lo | 20 2 Aftec Surex]

| 300 | #2990 | D 3.

Yo | (35S | 128 |2 96| [10.4 [23.92| Durig

1430 |#335 | 2342

o | L1075 2] 0.8S | [f). 3| 29.18] during

(0.39] 5 | 39.910-861)15.2 |2Y.0| ducing

[45515270 | 330

Chemets DO (mg/L):

Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: x”
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




3 of UK

Well No.: A E W fL |Site: ,S'{-é"/ KM;(/, |Date:
Client: Project Number:
Well Casing Diameter (inches): Well Casing Material: PVC SS _ Other:
Well Headspace: PID (ppm):
Samplers: with CDM with Blaine Tech
Total Depth of Well (feet): 2" - 0.16
Depth to Water (feet): (X) 4" - 0.65 Galfft. = X)3=
Water Column Height (feet): 6" - 1.47 Y\Minimum purge volume;
Well Reference Point: - (gallons)
PURGE METHOD: Submersible pump D Bladder pump D Disposable baD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y D N D Container type:
Purge/decon water containerized? Y D N D Volume:
Start Time: Flow Rate:

e e B R el e W v P M
(507 #2gpm| 2252 | Lo4l | L203 |59.2 )07} ]25.3|22.9% Afjer fucst
1520 | % dapn| 23.90| b9) | 6725 |42.7 | 0 9981 DA pucing
1529 |2 322002292 (.29 | 227 [95.6| L5F| 1¢5. }I23Y7) during
S5 | 335239y 625 | 59| 0.90 | jeo & | 2368 punng
_L@W_’F‘—:jbfﬂ e Jile y T rarl .85
JJ{ 2’@ e ﬁ CgIN [ I i — < e
Y25 % s222 9| .35 | 5229 (927|253 15/ | [9.7) During
Ji‘ii&‘igﬁzm,_JQE 9| £€82 DY || 113 1265 |22.83 During
Y8 | 2950 23.68| (.51 | $52 6 |4y | 3.3012B.] | BT 17 Afber Suc
1500 2. _,;.‘_?Q,S.L%l:%& 1603 j%-gmq 1005|2425 Pucinn
510 | x )0 23uL|6 T 4;9 5 |2L2] 0.9 120.6|23:-2 Ducidy
LQQ,:L\:)%PM__Q_%JQQL(A ’gﬁl %8 | 0.8 1573|2002 46‘;[4“5&
1530z 0yl 23.3]| L0 | 6272 |31.510.77 [7).0 | 3.88| During
) SYS | * 0| D 3.3 LMl | )88 24K |0-85| 115.Y4|23.87 Darig

[ oo | % ¥75] 23,311 6.4\ coné 5. (10871 118 O 2327 Bucc,
YL Stap pempiry Chbmets B (i) ———
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —» | - s —

Sample Collection Method: ¥ | - I R
Pump:D Flow Rate: [Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Samp[e Time:
Other: D Desc.: Equip. blank 1D: Sample Time:

CDM MONITORING WELL PURGE AND SAMPLING FORM




_ | o 1y
Iwett No.:  AE KL |site: Goul Koo K ywS |pate: U/R5/6% :,ll
DTW

- Gallo Temp. y | Conductivity Turbidity DO ORP
ime ailons (sb/cF) p (umhos/cm) (NTUs) (mg/L) (mV) (ft TOC)

Comments

150 B | pumbing —— /495
NS\~ 53 40 b il §§46' 2.9 | Ll qu (195 Albse  sERF
7.5 91 2510 nea3l hedd [ 5470 | G238 i | Jdunk | VI D““":i}f‘"‘""/"j
8 /e lepo1 10331 | ftpy 1£0B3 | G 61 071155 1L D98 P
92 Ltz leus [(owh 2631 L 07] (34a]l .00 Der:d
b [Noel| gy o6l us [sac0 | UL 1088 {139 4 D0.63 Afiec~d )
b 2 [Qh ol os.3ale ud 16079 | gy [Vl |36 1120.Ub A 7
B oe ool 1123320 ¢ ltocd |15 p.97 [1060.8 12020 e o
Joa) (101123501 s gasl a1h [6.60 117 122,65 Pacirs)
A oh ass | 038 cut | fos 3wl (0.4, (309 1202l Atter e
oA Lot | 2324wy L oo | 220 [ 135 [ e 710300 ucina
Q55 | ps0eal 2333043 | 6074 |Ugadl 10.77 |/0a.571024¢ N
1ous 303 ]| 03,38 Ly |[6us) |67 | (27127 312455 Ducid |
102‘1[ (f(/)::{‘) ;’)3(5‘2 v/‘ S ’7€\éq r{a% (‘4",) 'D;A Qoég '%rjourj‘g_
10° 30 !617;})\2 Q?.?'S) C4Y 16020 L1a.0 (0B 11507 (S04 Doviney T
014 | uida] 133,27 L4 (8052 1997109911167 12290 uei

L .20 )

Hz  wht 50 4l ?&zﬂr‘ra’c"f.'éCo

2.51 1035 1135311930

2.\
267 |65 190 ¢ (==
| 93.15
N4 [0.99 |84.9 |p3.1L
D3 )b

[o. & [ )15 10T | »2/6




1 ¢

WellNo.. A Ews 2

ISite: Lea

ﬂeack

lpate: $/20/07

Client:

Project Number:

Well Casing Diameter (inches): L} “ Well Casing Material: {PVC) SS Other:

Well Headspace: PID (ppm): O. 0 —

Samplers: Chad Maryja  with CDM ~withrBrame Tech—
Total Depth of Well (feet): 35.0 2" - 0.186 |

Depth to Water (feet): “g.fi 5 (X)4" - 0.65 Galfft. = 12 0& X)3=

Water Column Height (feet): ’g 5 6" - 1.47 F~Minimum purge volume

Well Reference Point: - (gallons)

PURGE METHOD: Submersible pump B Bladder pump D Disposable baD

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet): 3 Y g BéS

Purge equipment decontaminated? Y m N D Container type: 5 5 o //(/A drum

Purge/decon water containerized? Y m N1 {volume: Bajled = Yi g [Jons P»\m',OP d=: “3024//5@'
Start Time: /‘7’ 2 2 5 Flow Rate:

Time Gallons Ten};’) pH ((:pc;:gg(s:;:;vr:))/ -EK#S ;t)y (n?g(/)L) gnRVF; (ﬂD_IT(\;\é) Comments
(1990 (9 (2349 | £.5Y | blol |>ie0 | .32 | [88.2 R/
14S2 w132 12298 .59 | L7790 [>heo | 355 | 1Mo ] '
(956 | 516 12971 b.GI | 7396 | >le00 Yol |12 2 a
1502 | #)19 | 2297 | (.5 77%3 | Dives | 3.67| 1/8.5 M
1508 | 25| 2269 (.2 | 260 |>peo | 4148 [139.2 "
I15/5| £29 | 22.57 | (.56 $720 | >/0s0| 4.06|172.6 Y
159 234 | 229Y] (.S8 | $799 | >ive | /8| 1373 ’
1530 w4l | 2993| L2 | §EEY | Dl | 475\ 118.6 -

R E—— )

o/ (0890 F—Beglia  to| Pump well] 16.32—
0845 | % Agpm| 23.00 | (.59 | g857 |12 |A39 11228 |1926] pumping.
0854 |#30 123202 (.48 | 8800 208 |1.78 | 1152 []19.96] *
0900 |%25ym 23.03| Lole | 9207 |17 |1.35| 128 |akoyl
0905 |= 50 |2299 | .y2 | 9744 {23 |o48 | 113.3 |2)y2| "
0900 | % o | 2296 H2 | 9733 1]7¢6 10.37] 113.0121.52

Chemets DO (mg/L):
Analyzed ? ‘ EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: &~
Pumo: Flow Rate: Sample ID: Sample Time:
Bailer: X| Type: damacapia! ¢! |Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM
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WellNo: A Ew 2 Isite: |Date: /107
Client: Project Number:
Well Casing Diameter (inches): Well Casing Material: _PVC SS Other:
Well Headspace: PID (ppm):
Samplers: with CDM with Blaine Tech
Total Depth of Well (feet): 2" - 0.16
Depth to Water (feet): (X)4" - 0.65 Galfft. = X)3=
Water Column Height (feet): 6" - 1.47 ¥\Minimum purge volume
Well Reference Point: - (galions)
PURGE METHOD: Submersible pump D Bladder pump D Disposable baD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y D N D Container type:
Purge/decon water containerized? Y D N D Volume:
Start Time: Flow Rate:
Time Gallons ng:};) pH ?pomngz:}gr:?)l T(:JJ:.)S ;t)y (n?gj?L) %qvp) (ﬂD;’(\;VC) Comments
0915 | % 2] 22.95| 642 | 9792 |130.20-39 | {ll-7] 2162 Pucping
0925 #85 | 2296 | (.Y2 922 | 51.316.37| )10 | 2176 “
2935 %105122.95 | (.92 | 1826 |$(.2[0.56 | lle. ] |22.03]
0950| % 2gm| 2293 (92| 9776 (280110771111 2209
iooe | * 1M0129.94] 19| 17%7 |p7.2 0.83 | 113.5 (aLaA "
010 | # 15w 22.99 ] (92| 9690 [ 29.3 0632 | 1/5.2 12905 !
020 | %175 1202.99 Gl | qL:38 |1oH | 045 i15.9 121).24 )
1030 | & 15w 2281 | M) | 9705 | (0.6 .39 | e 0|27, "
1035 | 00| 2296 N2 | 9698 | 550 |0.38 (/152 1203] "
1035 ——T— SHep Lumping We)l- —
4 V4 STV~
1065 |  Bebir  dumping Q 200 Hz
2059 [eade| b.567£200 | U3 L8] 3,7 [18.05 | 2uring prastir'y
13205 | %10, 112343 653 | 703¢ | 576 | [32{>.5 12.00| D 2.
1320|225 ga | — T 379 —H— l11w|le2,
=~ Chemets DO (mg/L): J
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
& —
Sample Collection Method: x”
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate 1D: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




277

2
WellNo. AZs/2  Iste S| Rend NS  vae g /a5/07 |
Time Gallons 'I;en:p. oH Conductivity | Turbidity DO ORP DTW Comments
(°CI°F) (umhosfcm) | (NTUs) (mg/L) (mV) (ft TOC) | -
329 = s0, | 23.03] Cun 9031 | 50.2 | 0.99 | /28.8 119,90 fit7er _surde
12 35PE40 | 2305 ¢ 411 9139 1247 | loa | 120012059 | Avins
13. 50 ¢Sl 33,03 646 | aggn 534 1090 | 125.0) {20.65 DR
407 =¢2 .\ |33.09 bl L as(Q Wt |0.% ) bl 30,36] dnci=,
]L(‘,)_]\ ::[Dg:),\ 33.0"16 e 77i3 Zé% 645 1 1019 20.93 I’)MCA‘.\)
(4,29 erm 54 %a,[ lest | @ 200 H=| 7 7 J
.20 | — |
b 35 1o, 002300 1@ U5 | 9906 L4 1048 (21,8 120 o5
(i HO L | 20.6%
210305 |6.46 | 1707 |3ES |6.4q [119.0 2L 03
{50 | - . 2 20
1257 0/ [23.09 €45 |TC5Y 135|002 1109.601.50 s he £
T Ebcl ’rp(;t'/ :
PS:_("\“’\ QPsb‘- e ’z:'u A i & _
[AWAY !8’7')’[ 2253 [H’?) Qﬁ £y 574 0. Y3 [67. 3 0483 Dgr{,«.,
1527|500 1133031 £.4519¢85y | 173 10.49 | U9, 312020 | Duc;
15:3¢ | OWbga\[ D20¢ [ L2 19551 1 738 lhco |1352 11925 ALbee Jo o
1545 12204 || 53 p4 Cus194i |0 6592 | o0 02028 HD
// Eh(’l inummi\r\ﬁ f-\[;r "FDc:L:(/ -
‘ 7 o6 =7 ,/l:;/w/&vn Ao L ki L NV 0:70?05;(//,@&,; b s v, '
o2 |22 |azgr (641 |07 |rsi7 |z |79 |&mo |, o ? -
racd |10 WBoy 652 |gss9 g o0 lmesim|jss g |omee| Y T 7 | Pem
O8oy 2ss  Mae; |C4EF |9v93 | S |070 |/12.3 |97 22
v |~e720 pa99 200 |67 /72 loG2 1352 Ve 20 b cue A,
b’,?‘?_(: e .02 6.0 |9¢ii 38 & dse |7z 2 /.20 a:;:;{mu el
os3é |~290 3 oe |(uf |7¢s3 |¥s2 |40 ligvno|os, e [
ng ‘?/ggh.‘/m J—%:;m/"’:-— 9> - 179 F, , '
s 1| 205 | ¢.yg 720/ | 138 |ost |sv2 ¢ | jow% | Abgny fpoms/
gy | 300 oz o0lc.vd |agscrn|it? |oss lesylon7 |87 <
o Tses . (o
0%0C (325 |22 75 |€.82 |7623 0.8 | o5 7375 []1.26 |Keyurne g i
o7 leos |2292 |t.o8 |9esC | 237 o | 720 |2r00 |puse- 0%
92, |35 |2293|¢v9 |9223 /09 |976 |/3%2 |20.30 o S prn
ovz;) |3cs |2soz|lvg |92ve |/O.F O 24 Y2y 0 240 |gevs ~09§3
brse 1326 |2o90|Cv7 |se33 U4 Y |22 | R g0 € |sromor4s
Dos— |37 0 |22 95| libo | 920 Y32  [%472 /231 V830 s
o0z |370 |250yv |eys |S52> |20.8 |f2e /¢35 2 |20 s |gevsn (00F
/2y 3c¢ |2g9p |lcvT 5229 VOY? |97/ | 45257
Joe |95 .00 (uy |Fec® |sa) |a7e 1337 |6 Lvs e 104¥
]
— —




1 o£Y

IWen No. AEWZ |site: , lpate: $/20 /27 tJl
- Time Gallons (Tof:’/",";) . pH Eﬁ:gg:}gﬁ{ 'I;:lr_?l‘(’i;t)y (n?g?L) 8:‘;2 (ﬂD.-rr;VC) Comments 1
Jos72 | 7 2090 | u% {9917 | 9.8 |93 | 304 /93>
/707 |95 (530 |bMf |93 |25 60T [J15.0 | o990
17 &0 |0 (a7 |94l Jun S 1030 [ju0.9 (o itk
/27 |70 2.99 | 6wz, | 713 M 1018 w23 | AMI
nzy |88 2304 |64 ¥ |24 i39 0.0 1959 |24
Jyy |00 3of leMy |[T99r 184 |91 (741 V3.9
ne) l1zo  |23.0% |evy | 7875 (s.s | 0:¢71%6.:8 |9254
1199 |0 2207 ey [y |372 o .72 | 991 1299
yzl7z |jo 2312 [648 |4y0i Zb3 190 |1o2:85 238./7
1227 () §D |23.49 |¢.(? | 72854 |21 |oza2 |/ [ 1RS¢
1237 [0 P3.b ey | 9900 8.97 |o77 |2y |Jas
(217 |92 |2 08 |C47 | 5894 917 o9, |/yo W3.93
257|292 (23,14 [cM¥€ | 9392 J62 loa {n3 b L7zoz
/307 |0¢6 |23 (¢ |6.u¥ 992 so. 7 lowd |y |23 07
)2i7 lRgd 12304 |M1 |90 | 6.99 027 |y |3/¢
/325 |y  |Mo% (MY ML 796 |o.(a |3 b |230
1337 | Yo |»o¢ (M9 19997 1376 |9093 149 | J2.94
j3u7 |3w0 12303 [64Y 9908 |z 0Ly |Wzo 333
1257 |36e 12312 | 618 9908 | Y90 |@.22 |z | |23/°
Jyo |38@ |J3,0 |6qe | Fo3s | 220 |Q72 |y 0 |23 .06 | fbu Siay
| , e i
35/ 7 2¢ - S5 i | SHde
Jysd |38y |2Fs0| C.63 |55F2 2793 |4 81 /256 |/0cs | 20 sinmm Msmoiny
jyyo |48  [32.2F [(NY | 9920 /53 [A/T | /993|037 zy?aﬂﬁ
juso MLe 321 |64z | 271 |20 4 |0.52% |56 V)30 oL
Jgoo MuS  |a3M eyl 9217 3.3 (o3¢ 13 00T | [Unosis j22
jsio |40 |30 |es0 |97¢2 |47 o258 |38 /g 7 1B, AL
jeze |70 | B eyl |96¢3 /82 0.7 1,294 lagz | ¢ 1
sezo 140 [03.0916.97 | 9955 o5l |yees |93 '
YeWd €00 153.03 lew? | 9527 2,37 yenv lw2os /?/m/.g,'\] R 27?4/




g [ o &
“}. oF - e l) boe ~y Foe-

Well No.: AW | Isite: $<<! Beerl |Date:  9/fo S
Client: Project Number: . 77
Well Casing Diameter (inches): [/ " Well Casing Material: (g\/p) S8 Other:
Well Headspace: 0. © PID (ppm):
Samplers: —~ with CDM with Blaine Tech
Total Depth of Well (feet): ﬁ * 3/, /2 2" - 0.16
Depth to Water (feet): /733  (X)4" - 0.65 Galift. = % R/ (X) 3=
Water Column Height (feet): 6" - 147 YMinimum purge volume
Well Reference Point: T0L e (gallons)
PURGE METHOD: Submersible pump M Bladder pump D Disposable baD
Pump Make/Model: 2" Grundfos Rediflo _ Depth of pump intake (feet):
Purge equipment decontaminated? Y [YLN D Container type: ﬁq i(.v "{‘6‘./\ l
Purge/decon water containerized? Y MN [ ] |volume: Boilod = 20 gallins Fp\mfpd = 328 gallons
Start Time: )3€S Flow Rate: "'q C)\g'g P71
Time Gallons ('l;gr/r:;;) pH ﬁﬁggg}ggs{ T(l;lr;):_?:)y (rr?g?L) &Rv}; (ﬂD_;_I'(\;\é) Comments
os/t | /D |35 | 293 /6662 |8>999| 677 1925 | — |Sinbsbn)
9522 | 20 g2.07 |74 3 /7938 2797|593 |/3s7 | —

— — T —
Seesr 25 e 2c| 25 |Doos7 |29 Yss | ST /197 ng' " pupen
O 0 | Yo DO | 21S 41175 MM 477 |sv,  |205s '
D330 | Y% I2. M8 |2, 2004] 000 |2C2 |53 7423 |/sont
odut | €S |19y |7t 11536 |00 (327 |s% Ul D42
080 | (& (2200 | 245  |1T292 |)o006 |3.10 |§1.3 Q683 |fnicnd . g
e (75 (2119 | 70 [(a95) | PP (0T 399 (0078 | cedm

010 | 8¢  |o1.597 | 207 |204%7 |22 | 444 |y § |D7IL | »

jp26 |98 (9.3 | 2,07 20327 | 917 (213 |¢¢i) JALE

030 |inS .27 | 20?7 |207923 723 |29F Lo,/ P75 |frym avedl

1100 |los 0971 | 213 |eozs |15 |a20| 956 |15 722 50l@ is0h2

0 s |21.8¢ | 207 |Jsso) |590 | 308 |SCs |22.(3

Lo |12 [J223 |21 D jh2ss (1060 [71 | )8 2 |25sy

Chemets DO (mg/L):_ <
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»

Sample Collection Method: ¥~

Pump'D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

CDIM MONITORING WELL PURGE AND SAMPLING FORM




> ot -

Well No.: Aiui ' J§i_te: , |Date: _JI

e I e A e

30 |13s  |nos |ao sl | (3 292 | ys q | 2937 | S4il hs Sigy sevds
o |1N6 [22.47 |7.07 | ja%es |3L2 g4 |uwiD |J%2 | ¢

o | 165 31 | pob [)9908 1121|208 (298 |98.40 | "

;200 |I\S J3.\D 2.0b |44,90 IL,S' 223 341 9562 ﬁawam.\w\
A ljis |20 | hod | 0920 Id |06l |4 b ||tor |fsmcS o
b | s 2290 |90k |j9¢7v es |2 484 [2291

<o 195 17301 906 (/9430 [Sab £¢t |72 |10V

iy | /98 23006 |ro8 /7688 |23 204|532 |)7.37

%o 208" 2297 | 7205 | /)5¢37 /35S 1, 5 7. 6 | I%oF

220 s |29 |Qoé /9563 |36/ |Fuo |$27 |J5.5T

330 | Z2ss |J700 |20 6] /72890|09.2 |23 |st.8 |/527 Pz s polhsnd
M00 |w2ag |[Rfy | 707 |29530 /o O.725| 3tz YRog Vim/,mr;v
o g laoy |70 |/9%s |2z |3.62 |esi 0 07 7

2o L24y¢ (22971707 /7953 | 303 $.3¢ 792 |llo/

1920 1a68 |43 00 | Zos /2679 (124 (2] |66.F | .2¢ 95

MMO k¢S~ |#303 | 206 (/987 |39 S | 4207 | €42 |J2 07

e |Ng |52 [2972 /9542 1)§9 [+83 |§13 (2298

ixo0 |J%% (g4 |Fov |Hw? [/8. ¢ 200 |§& s 22790

\e\O W35 Mo 52 1202 Y230 100 |10 |5¢. & W9 Y

&20 368 |22¢6 | 207 |/7753 Sgb | 2/7 [ 55 lsoy

\&W |3/ |72 207 |/7922 |6./Y |20 sy, 3 |25 34

W | 326 |Poly | 2,07 |,9729 1S ¢9 |27 |S¢ O [2534
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wellNo.: A T W)

|Site: S el f)’L”ACA

IDate: 7

/28/07

Client:

Project Number:

i ")
Well Casing Diameter (inches): "/ Well Casing Material:  (PVC/ SS _Other:
S~—
Well Headspace: PID (ppm): FID (ppm): N/A
Samplers: £ had harciin with CDM with-Blaine Teeh-

Total Depth of Well (feet):
Depth to Water (feet):

Water Column Height (feet):
Well Reference Point: TOC

25

2" - 0.16

.9 x4 - 065 Ga!lft.=!2'dl X)3=

/.0

i

6" - 1.47

¥ Minimum purge volum
(gallons)

PURGE METHOD:

Submersible pump IZ.‘

Bladder pump D Disposable bailerD

Pump Make/Model: 2" Grundfos Rediflo

Depth of pump intake (feet):

Purge equipment decontaminated? Y N D

Container type:

Purge/decon water containerized? Y m N D

Volume: Ba\ﬂg({ = ‘,5(/5&//0/\,( ,Pu/rp(’d - k‘/j/a galluns

Start Time: Flow Rate:
Hlind (Tgrlnlg) pH %pon:ggsglrlr:})l T{Kf?[fét)y (n?g?L) (CI)”nR\/F; (ftD"IT(\;\(/')) CotfmEns

0745 |—— Fegln to | Swub | € Lalil -

0905 | 5 | 20.92| 7.L2|5925 | >joeo |7.20 177.0 | —|Stuh tbaj]

05)5 | |3 | 2130|7806 | (100 | >mes |H.93 | 1095 26.%[| sweb t baif

035 | 2162 268 w213 | Sieeo |5 199.9 | 2749 S

0%50 | Einrchad Swalb g Balrl ] 1

(4] 295 — T Hegin o P /h/ﬂ viel// /7.9 /ﬂi/tm'ﬁ/ha,z

0935 7‘Hg£h’\ %95) 7.9 10580 | >levo S %A 93, l /89:] f’mm,t'/'f'\,e

0950 |15gpm | 20.65 | 721 | 93499 | 2100} 4. 12 | 15 (o || 9.M7]

1000 |1.7S5pm| 22.39 | 7.23 | 0950 | >1¢00 |2 g7 | 54.5 12987 !
e = stop |Pampiag e tmakh Sedipment @) boitim — el
14/ 755 4’éﬁjgﬁzﬁ’@_&6 & B/l — — |

0§07 | |2LKT |77 |10%99 | Zlese (.75 (2903 |15. 23 |swabt Bal

0840 | 45 |ap7l | 769 || &30 | >1eee | 770 [212.3 Swe 50y

0845 5 | Fapgkdd W/ |Sweb 3| Rasl o | '

Lgpe I gt’fl n to fum Ve ” | ISS, QY PU\(V\'{’III\‘;_

Chemets DO (mg/L):
Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method:
N\

Pump;D Flow Rate: Sample ID: Sample Time:

Bailer:D Type: disposable Duplicate Ib: Sample Time:

Other:D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




—py A /13444%40’\&/%1' drs | ——— "¢ x| SCb
e 90 LC| CEM LS £ | 8 ¢ (&9 [ RIZ |16 ¢t ST N WA Y
ol Tt e e b eTE | b T [ JEST [ ETZ P8 e[ el 7
oo SSTE | ¢ 86 |76 | € £ |eclal | A1e [78CC 1™ e 7057
w3z (GTTC| L6 [ ShE] 275 CRCT (ST [Csce[ @ T%]| $hao
sl [s0 5T | F 86| TAE T [S6Esl | Sl [ZCe 7= ({30
e s TOTE SEol| 08 E | F & | 1SCAT [ L7L |LTCC|l o™ KY4 14
oo gs [SCSC| 5221 |0¢C & | 2781 oL AT LT | scec] JTx]| 0l8?
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Py | of 3

Well No.: A/ 1 ISite: See/ Eeac A IDate: [0 /2/67

Client: Project Number:

Well C@gpiameter (inches): L} ¢ Well Casing Material: VC) SS Other:

Well Headspace: PID (ppm): 0. d FID (ppm):\mA

Samplers: CAad A~artfn  with CDM —with-Braime-Fech~

Total Depth of Well (feet): 25,107 2" . 016

Depth to Water (feet): / E, 53 (X) 4" - 0.65 Galfft. = Za ' 57 X)3=

Water Column Height (feet): e, ,22 6" - 1.47 ¥~ Minimum purge volum

Well Reference Point; TOC (gallons)

PURGE METHOD: Submersible pump m Bladder pump D Disposable bailerD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y @ N D Container type:

Purge/decon water containerized? Y ‘Z] N D Volume: £ 4/ )e d: ‘7’ s ga//m.r fomped > _?/0 g Jjonds

Start Time: Flow Rate:

Time Gallons Z:g;:'g) pH ?p?ggg:}g’;’; T(l;lr?{ji;t)y (rr?g?L) (cr)nR\f) (ﬁD'FC\;\é:) Comments
0950 |— Begin |40 slcge |8 Boi) — 1 05—
1000 |7 | 2389 7470 | 15982 | Spve | 532 | 89 | —— sgd T
(030 | %30 | 2290 | 277 | 15@43 | >pe0 | 597 | Ly | —— | “Ga; [
1040 | 240 | 2261 7.70 | [9098 | > /600 | N b5 | BR.7 | —— ~
1050 | 295 | Finislled w/ _swabl & fa) ] — :

e |— Qegin o i)um/ﬂ welll 20.0/ I’Mm,m“nja/
06 | & lgpn| 238 | 7.8521172]0 | 2/000 9.6512Y9.0 | 2000 | Purging
!)29 ‘]%pﬂ\ 23.5Y 790l (€Y40] S/ove 10.9¢ Cb.3| 31.73 ﬂ*\n\,p//\:
1130 % Step| fumping le4 ve/) Recover S——

J225 Relpume | fum|pring—] — — "asT24
1230 Ff gpor 12335 | 203 (5203 | 789 | LYo | 79.7 |27.02] Pamping
25 Ly | 2417|702 (7379 | 462 | 765 | 49. 7] 29.59 |20mns

0 -

b\‘\l

[300 | #gopm | 2508 | 2.29 |16977 | 87 | 2.7216 303l | 25 mins
120 |20y | 2522 7291 16526} 7/ 817 |/ 3070 S mins
1390 | % 099 2398 781 i6214] >j000 [10.601739. 7] 2995\ lo mps

Chemets DO (mg/L):

S~ W ha N

i~

Method Container Type/Volume Preservative
Sample Analyses: ~—»
Sample Coliection Method:
— Pump:D' Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

cm MONITORING WELL PURGE AND SAMPLING FORM




Fy la#}

WellNo: AmW 1 Iste:  See | _Beach lpate: o /2/07
Time Gallons Te"},‘;') pH ((:uor;l]gg:;:r:!)/ 'I;:r?g;t)y (n%O/L) 8:\:7) (ﬂD.I(\;\é) Comments
1350 Xodogpol 2230 | 729V (2¥771 206 1 949 | $%.7 | 3237) 20 ouns
1Yogo e ell] wenH Dey =
1925 | 20 2239 | 207 | 6312 | lo] 883 | 706 | 3/.89| & mins
1535 | Xalgm 2349 | 268 115291 | 5 | 942 | 6.5 | 30 j6| S ans
LSS | % dypm|23 80| 7 e | 167721 4]0 | 8291 9% 7 | 3D.63| J¥mins
I SSS | doigml 2268 700 | 162 27 | %2] | S63 | 3289 2Cmins
_ ,‘,,00 X 1O S')‘a,p ﬁumﬂ/r\q For 'roJ«/y~ srv?L
w3 0740 Brg.al 17 f'v1mﬂ- bve ) | —— 19.64°
02495 | % 0Gym an..s;(p 7.9 Lis78% |L3F | koo | 2289 | 22| Sanins
075S | %0700 29-68 | 7,13 | J 229 8‘3a 2.0 208 9 | 26.27| [§ mins
$05 |2ogm 23.000 7 79| 10887 | 497 | 8] |1552129.29] 28 m/ay
g8 | =e 22231 7.2 | (625§ 783 (.5 | 1729 |28, 8| 35 mime
0830 |%8Sgpm|23.95 7191 1680 137 . 761112 21360080 mins
089S | 2050 2307 | Z 2| 17687, 87 | b.91 | 976. {3085 | S mins
173 £ b beg Il weenl Doy —T '
¢42% P@JM ) fe’nmlm;\/: — - 52;“(‘;‘5
0930|2050 29285 7.4 | 1y9IS 118 | 7Y8 2052|3072 5mins
09 46 (205 |2327 | 7.2Y4 | 14,584 | 232 | 730|654 | 3329 | |Sm/ns
0950 | %05um 2387 720 | [SFSS| 8§72 | bMT | 1677|3389 25 minr
0958 | ot wepll| Wenk| Dy | o
1025 Reosure Fu /m'n;/ ;'Jé.wlv/ —
j080 | RoSynl23 28| 7. 09 | 15656 10;1 283 11778 | 2109 #5 min
1040 | 2 oSl 2905 | 709 | 5913 | 53 235 (2126 | 327 IS mins
1655 |% 0.5 29201708 | 1S881 | 257 | 7.29]252 0] 33.98| 39 puns
1105 150,50 3.6%] 7./6 | jleobY| FIC | 2671935 | 329 90 pjns
A5 | 208 ppnd 2LE7| 2./3 | is8])Y | 18 9.8 | 1Y2.6 | 3293 62 oning
(130 |—1 e ll]| wenh /)(‘\[ : !
1200 —1 Resdme /%mxmn : . i'rsvfal'u
/2 [0 |%eSgpm| 23.9¢ | 7.03 (Miete ] 109 1168911921 199.7% ibainr -
2720 |2 eSyml 2398 205 | (S¥o7) 1)) {li.Jo | (532} 3)j3]| 2om/ns
1906 | zosoml Okicl | Zog | 1573) | 17 11202 [¥872]|3206| omias
0SS |Zosgum| 2992 | 209) 45532 39 1109/ 1v2. 1] 3LF0] 55 onins
1308 o welll weadl Dc y - b5 mums
] 33¢| R ernnhe f)q./'\'/’f - - 5’&‘37
1390 | 2osgm| 247 | .05 | 15212 1127 |[4.921120.(c | 30./F) [Cmins
1350 mﬂ.s’,,,,m 2y.22| 764 | 1Y8x) 1 9/ 12,82 23.4 | 3047 20mins
[ 400 | % 0-bgui 2 nd 20| 708 199991 206G | 1236] 129.%] 32.8)} 20mins
[ylo |Rplilli—wlel) wient Dlcy pr— —
|4 3¢ ———| Refulme Plhopi . 29.50|———
1925 | %0500 22691 206 | |V877| 7€ 1S40 1287 | 3073 | £ mins
| ySO %0 S 2420 | Ze7 [ ISkao | 1 {16l VLR b 3.97] 20mnr
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Py S o3

Well No.: ANk 1 |site: Sea!l Boach [Date: Jo/2/677 ﬂ_jl ,
Time Gallons %%r;g) pH zjon:g::;ggg T;:lr-?{jj:)y (n?gC/)L) :nr\;/F; (ﬂD.:(\;\é) Comments
131¢ | Zosm| 29.28] 203 [is955 [ 786 |15 983962 338k mins
]j;l[) ;% L AyR AP ’S‘KZI “193 1S Yi 37?’9 ;,?rg'b" §0 minr
1338 | %o ippal 2406 | 770 | 15675 | B ] [LRE| 3Y6.2] 33,92 o5 enjns
1395 Wwell wedd Dery o] 75 mns
I §'5’0 —_—T ﬂ (30 Wand ad P‘-WY\ ﬂ'ln_r\% vie // — ,20'0 i
ISSE (= o] 2398 708 | 1652067 19% | 12.17]9852[32327| Souns
[ 00 11203l | S 1o p| fuampibyg Fec |Teday T | [émirs
¢8| — Bedin fol” Pamp|l el 4— i c—
0730 |%eSpn|2202%| 709 | 15927 |15 2 5.97 1 5¢€7122.6]| S anjns
0790 | moSuml 23.02 707 | (5331|593 | &.0] |813.0 |28 1] [Bonias
0750 | %05 23.05| 7.1 | 13| 357 | 595 [ ¥¥2.9[27.4Y | 25 minr
0805 | 208,00 23.70 | 7.07] 15528 91 §./6 | 316.9(29.38 | 40 mins
€20 |50 son| 2356 7.43| j5900| 35 | 10ye| i§7.7]31,02| 55 mins

0% |2o85,,m|23.38| 75| isy30]| o 2. 159.8] 22 8C] 75 minr
c¥50 ] Welll wend | Dey A 85 miar
(929 Retulme Pmping Wre]) AT
95| %05yl 22.78| 7./2 jYg) | 93 .87 | 80Y | 2967 S mins
0940 Xospo 23.89]| 70| 19897| 32 | 13.78| j06.5(3063|2¢ mins

0955 |20spp 23.(81 7,001 185331 J§ |U3.96] 19521 323)| 35, s
1005 |Zosom |23 98| 7./2| [S6ST| a9 12,99 96.5]23.25YSnuins
1010 f———| W el wwiend Dy -

Iﬂg(/ — | Resute fML’ﬂ/ay“Jﬂ /We[/h—"" : §7qbt§6_h/
1635 |20.50mld. 08| 707 [168I| 2 |[5.59]49. 2| 30.98] Sojas
L 04S | 2esoml 2900 | 705 | J99s3| 132 |18 7% )%.6 |20.99| |Smias
050 | ZaSpml 29.30] 7.6 [YS32| B [kt | (3.4 ]| 2107 2emmjns
|10 ‘;a-sgmg 29.3¢| 7.¢5| 19562 -9 [ 16 1Y | i36-2| 20.28F] 3Cminr
1160 | 7¢p]. Slbep Pulrping Co o weled veel] - —
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WellNo.: A .n W2 |Site: Sen | B ach IDate: [0/ Y /¢ 7
Client: Project Number:
8 5 . L L 3 .

Well Casing Diameter (inches): ‘/ Well Casing Material: (PVC) SS Other:

; N—
Well Headspace: PID (ppm): .0 f/"/)’\ FID (ppm): N/A
Samplers:  ( had harig s with CODM with Blaine Tech
Total Depth of Well (feet): 35 2" - 0.16

~? ¢

Depth to Water (feet): 1 9.3 x4 - 065 Galitt. = 0./ 2 X)3=
Water Column Height (feet): 15 (¢S e - 147 ¥~ Minimum purge volum
Well Reference Point: TOC " (gallons)

PURGE METHOD:  Submersible pump [X] Bladder pump [] Disposable bailer[]

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):

Purge equipment decontaminated? Y @N D Container type:

Purge/decon water containerized? Y |2| N [_]|Volume: Bajlod 2 05 sa))ons Puorped= S5YE gullyns

Start Time: Flow Rate:
) Temp. Conductivity [ Turbidity DO ORP DTW
Time | Gallons | &F)opy PH | umhosiem)| (NTUs) | mgiy | mvy | @Tocy | Comments

1130 |—| Pegin }o | Surge| € Lalil

[205| 4 | 2382 T 3b|1922) | >/60 |8.206 | 224 ] et |
(210 | QO —twel)l | weak| PCy N

= -—

J230| g0 |2329| 7.38|)93%9 | >yee | 1859 | 239.6 | —— A

(235 4 3 4 well went| Doy e e ——
13,0148 |22.59] 7.290 /9502 | > /000 |3 10| 326 2| — | 3%/
] 300 | [ 5 Finished wil/ Sucgd €t Hasl 3

/

= |

/ g ¢ 5 | —= E? gin| _1-¢ }ﬂv\ /Y\Iﬂ Wg/

[3501%9.7 gy 22,59 710 | 20190 | >lo0c | 2.78 | -5.2]|22])% Famping

2
G| 2322 @ iSn

1900 |2 0gpme| 22.§2| 710 | [900( | >)000|5.75 | 72.
14/ S (% obgm | 22.9b| 7.05 1$702 | Z)voo | 7.7 j¢i.

9’ 3 8) 2"/)\;‘/\_.\‘"

2 L/ /0 \7' S'M /R.s‘

[V 30 fxa.o/,,v,,mf’Q-‘W 7.03 | 187271 492 | 49.2)

[
£%. 9

1\)‘?; /:”'U,e'ﬂm ng(l’ 70(.(7 l‘}()"?g %?9 (‘7‘39 7 *-/ /;_L),ﬂ7 (12(}/')'\";\[
Y.

1500\ 2 vig) 23.09| 7.08 | [8b77] 79/ | 7.01 ] ¢ 2 321 75 mins
(SIS | %osl230) | 7205|1998k | §649 | 70l [9%.1 [2749] 90 miny
Chemets DO (mg/L):

Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method:
Pump:[l Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other:D Desc.: Equip. blank ID: Sample Time:

cm MONITORING WELL PURGE AND SAMPLING FORM




foq Q ot A

IWeIINo.: AMWE _ 'LSiﬁe: Sea | Bearh IDate i) 5/¢7 ‘J
Time Gallons Temp. H Conductivity [ Turbidity DO ORP DTW Comments
(CrF) p (umhosfcm) | (NTUs) | (mg/L) (mv) | (#TOC)
IS 30 xofgpn| 03.021 7.0 19Y571 253 | 4. )0 | 146l | 28] | 125 eins
1595 | 20.bm| 99.97] 706 | 192Y0 [ 2849 | 3751 69.112%19 | 2oonins
1(200] %0500 22.88] 7.0 9] 199701 183 | Y.7] {1238} BC.9) | )35 mins
_”ﬂ()oi‘fﬁqml 5‘,‘0/ fumpibhg for T")da}f —
16/S 0% 00 g(’ gia ) fury\,ﬂ We [l —] ;T?Lﬂs ‘
0%05 %0 7pn| 22 Sol 742 119285 [ 174 559 198072245 | 5 mins
0815 |%07,0m| 22.48 | 2,08 | 193)0 Y2 Y40 [ 9428|2502 | 15 o~y
0530 |5 vy 20.85 | 706 | 196531289 |36 | 3.0 12598 | 30 mias
6%95 |20 Yoped 2269 | Z0G | 1919 | 5 260 1139.2 12678 9&mnr
0900\ = Ly 2078 707 19YLK] [ )1 .40 | 123112688 (omins
0905 |2 Ly 2D LS| 7.0 197774269 | 3.09179.9 |R2.09] 7Em i
0930 | = 124082305 | 709119660 I% 2 292 1798120171 90 nins
1006 | % Lagp| 2275 209 19388 |4 | 3.Y6[ 190 0| 3).y2| 120mins
J005 | 15Sga) | Stup| punpinly Lok ine ) Rlecuee ,
!030 —1 ﬂ(’)’ ume Fusmnfn/a/ W/ Sar/‘:voLQ
[0 257 105a$h23.97 12 05 {1 fue5| 7Y | 3.7 | )ile ] |2398] £ mnjns
J0 4O |%12gafl 22467V 7.05 18((7?5 1o | Y80 1125 /128538l omins
1050 % 12,00 22.7G] 204 | /X899 11O | 3 031139 2.8 20mins
[0S |512g0m] 22.%0] 706119209 | 23 .85 |y b | 2707] 3Smins
]/?'0 "/)9//\‘ ?270 7JU /‘Z/3Y (,0 2 /7 //q /) 27{0() Comins
//ZU "/-7,'9,/#\ 9‘2‘?9 20(-’7 /q/// ;g L/ﬁ-/ 16%.2 ;732 [L(Jm/"/\;
- 1Y O 1240 9al '—"SHA'PMM'/’)“AQ £or [vdal v
0/ % 079-0_'—"‘A g@_/q/‘n 1'77I ’vﬁuw\/ﬂ/w/ﬂ// 4 — /‘qf“";éi
072509 22.50 | 7.7Y9 | 2439%| 39 g 8¢ | 9750 [22.39 | Smins
0735 |21 gpel 22721 710 | 19963 | |} 2.9 | 9 9.7126.¢7] (Sonjas
0750 \&ragpm | 2248 | 7-08 | 197 /9] [ 3 3.99 | yive | 27 4l 260uns
0808 |%1-dgm| 22721 707 lgyo7| $.2 | 3.7/ | 3¢50 10827 9Smiar
0520 21200 20790 207 19177 | 2.6 | 3298 | 250.9|2 8.57| b0 mins
0820 |—1 Stupl Panmping  Let we /[ relcover A
0% 40 Besulme  Plonping live [l : Y96
0895 |ctogpe] 2078 | 708 | 18950 | 1.} | 337 | 353812407 | Smins
0855 |*129p022.79| 7.04 1IS7081 13.2 | 2.80 | 339.0126.7Y9 | 15 mins
0910 | *lagel 22.811 7.051 192(91 8.1 12792507127 78| 30mins
0995 |2 12| 22.81] 7.06 | 19290] 5.3313.0) 1294 112549 | IS omine
0990 %100 2282] Zob| 19095 2.81 | 3.08] 279612860160 mins
Py 340 /:(l’f,m// Piaridle d fu ﬁ/f/\/a Wwrell IJéI/P/ﬁlgﬂed E—
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WellNo.. Amw 3 Z 1 ISite: Sea] Beach

Date:

[ef /07

Client:

Project Number:;

Well Casing Diameter (inches):

Well Headspace:

PID (ppm):

4.0

Well Casing Material: _PVC_Ss_gthegd Faly
— 7/

FID (ppm): N/A

with Blaine Tech

Total Depth of Well (feet):
Depth to Water (feet):
Water Column Height (feet):

Samplers: € Ao d Nng bt With CDM

35 2" - 0.16

[9.87¢)4" - 065 Galift.=____

6" - 1.47

X)3=

¥ Minimum purge volum

je/fo

Well Reference Point: TOC e (gallons)
PURGE METHOD:  Submersible pump [_] Bladder pump [ ] Disposable bailer [ ]
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y IZ' N D Container type:
Purge/decon water containerized? Y E N []|Volume: f) erirtaltic Pumping = I} aallon s
Start Time: Flow Rate: Y i
Time Gallons %g:?) pH Eﬁ:gg:}gg 1&?&? (C:nF\U): (ﬁD_;_I’(\)/\é) Comments
1995 Begin 4o Pum p — f;wgff
[450 | * //ac./ 26.S7| 7-24 | 2028Y | >)ow (3.7 | =F~ fumf/w
1955 1= 13| 25060 | 7.0 [207%] | 388 | 4.2 | So7 |mesipe| - °
(500 2Y. /| 7.8 | 20502 | 2] 29.2 |uihh |-
[Sa€ |= 29170 7./6| 20501 549 20.0 | 7|
50 2v33| 7/ | 27019 | 263 -3.9 | 7A "
IS5 29.09] 718 | 21320 | /7.2 | 3.77 | 2.8 " "
1520 |%250| 22.58] 77520622 | 190 | 3.95 | -3y.9] ~ ’
1§35 22856 | 72l {2539 | 5).% S5/ -
[ SS %5 gel |23.37 | 7.4 | 21576 | %o S0.3 | °
[ 5S§ Q328 720 | 2i55 | 32 -4, 2
[ 00 |%bgal Step | Pumpltg for |Today —
0725 Begin| 40 Plamp well( *19.98
¢73¢ 20031 795121996 | o] | 93128 3] — | Pumping
0740 20491 7. 29122935 | 129 (&Y |-2.2 | —
Chemets DO (mg/L):
Method Container _TypeNqume Preservative
Sample Analyses: —»
Sample Collection Method:
N\
Pump:[l Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




Pg L of P

FWéII No.: Am w3 F1 J§@e: Seanl g(’mcl\

|pate: )¢ /9767

_

Time Gallons z%;g) pH ?pogﬁg:;:;?)' 1&?&? (n?g?L) 8?\';) (ftD'-rnoA(/:) Comments
0750 | % 2ge1| 2209 7201 2891l 97 | §.90 172 | 7 | Pampiey
00U % D540 22.0Y 7291 220006 Lt M. =73 | T v
080 20331 72221 22)729 | [ & 255 | -/5.9] — "
RN, 20.09| 7.2)|22y%)| 4.92| 286 |=/8 0 —

0825 |55\l llb| 7.22] 2250] 0.91 1 32.9/1-79.2| —
Og25 FinbAed Pum,oi’n/q Zone H L Deelleped




Fa

Jof |

Well No.. AmwW 3 Z; lsite:  Sea) Peach

|Date: /0’//,0[’///7

Client:

Project Number:

Well Casing Diameter (inches):

Well Casing Material:  PVC SS pﬂe?,) pﬂ/\/
S—— 7/

Well Headspace: PID (ppm): (J. O

Samplers: € heed AN atvla  With CDM iomBlerrre=TETTT
Total Depth of Well (feet): ? 5 2" - 0.16
Depth to Water (feet): O- 0 (X)4" - 0.65 Gallft. = (X)3=
Water Column Height (feet): 6" - 1.47 ¥~ Minimum purge volume
Well Reference Point: _ " (gallons
PURGE METHOD: Submersible pump D Bladder pump D Disposable bailerD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y @ N D Container type:
Purge/decon water containerized? Y |Z| N D Volume: ————""_
Start Time: Flow Rate:
. Temp. Condugctivity | Turbidity DO ORP DTW
Time Galions (°CI°F) pH (umhos/cm) (NTUs) (mg/L) (mv) (1t TOC) Comments
Mo | WATER |Zoye [PRY |
Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses:  —» e - - - - -
Sample Collection Method: ¥ | 1 - - -
Pump:[j Flow Rate: Sample ID: Sample Time:
Bailer: D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




v (vt 7

wellNo. AW 3 FZ 3 |Site: Sea] Beack IDate: /ﬂl//ﬂ,//7
Client; Project Number:
Well Casing Diameter (inches): Well Casing Material:  PVC SS (ﬁe}? /d} V/
Well Headspace: PID (ppm): O - & /
Samplers: € hod  Narvipn  with CDM _with-Bleime-TFech—
Total Depth of Well (feet): 35 2" - 0.16
Depth to Water (feet): 0 (X)4" - 0.65 Galift. = (X)3=
Water Column Height (feet): 6" - 1.47 ¥ Minimum purge volume
Well Reference Point: - (gallons
PURGE METHOD: Submersible pump D Bladder pump D Disposable bailerD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? YJZ] N D Container type:
Purge/decon water containerized? Yle N D Volume:
Start Time: Flow Rate:
Time Gallons (1;2?22) pH ?por:gg:}gg))’ -Elri]r.lt.){_? ;t)y (nl":l)gc/)L) &RVF; (ﬁD{_F (\)Aé) Comments
No Whiter Zone | Drvi | |
/7
e e - e
Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —» B s - -
Sample Collection Method: & - - - 7 o R o
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: L—_l Desc.: Equip. blank ID: Sample Time:

cm MONITORING WELL PURGE AND SAMPLING FORM




WellNo.. Amuw 3 ZY Site: Jee! Boach IDate: [ﬂ//a/a 7

Client: Project Number:

Well Casing Diameter (inches): CM T we/l

Well Casing Material: PVC 8S (Othery f’o/v
— 7

Well Headspace: PID (ppm): &. 0 FID (ppm): N/A

Water Column Height (feet):

Samplers: C Aad /havv/a  with CDM with-BiaineJech
Total Depth of Well (feet): 35 2" - 0.16
Depth to Water (feet): 17.38°x) 4" - 0.65 Galift. = ) 3=

6" - 1.47 ¥ Minimum purge volum

Well Reference Point: TOC e (gallons)
PURGE METHOD: Submersible pump L__] Bladder pump D Disposable bailerD
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y [Z] N D Container type:
Purge/decon water containerized? Y m N D Volume: Pe{q’j 714 1-H'c Pl,\/)\p = "\j anl] on
7 4
Start Time: Flow Rate:
. Temp. Conductivity | Turbidity DO ORP DTW
Time Gallons @PF) pH (umhos/cm) (NTUs) (mg/L) (mv) (f TOC) Comments
. . ‘ ___ [
0(?9; géﬂ# +2 fuM,ﬂ de\f’ # 37’ 21‘7‘?/35,
: s . ; ; ToP
0930 23450 7791940l | >ie00 | 6.2) LS5 | == Puon pirg
093) Bzl welll wenlk Dry —
Chemets DO (mg/L):
Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method:
Pump:l:] Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other:D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




Vg | o£2

WellNo: AmivY Z 1

lSite: Seal Beach

IDate: [¢//)0/07

Client:

Project Number:

Well Casing Diameter (inches):

Well Casing Material: _PVC _sS_Gthed Fo/y
N—"" 7

Well Headspace: PID (ppm): ¢. O

Well Reference Point:

Samplers: Chad Nt /n with CDM with-Blaire-Feeh

Total Depth of Well (feet): 25 2" - 0.16

Depth to Water (feet): I5.7¢ )4 - 065 Gatt. = (X)3=

Water Column Height (feet): 6" - 1.47 FMinimum purge volume

(gallons);

PURGE METHOD: Submersible pump D

Bladder pump D Disposable baD

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y IE N D Container type:
Purge/decon water containerized? Y [AIN D Volume: Pe (}'{7'7‘ /7L/"( /(A/\\ﬂ =235 gallons
Start Time: Flow Rate: -
e [ cotos | 8 | o | conery [ | 20 T o | ] oo
0985 — 1 @eﬂ/;n Fv Pum/ Wie// - ;/E.w;a
lvoo 2).(:0/ 7}/ﬂ 2/30Y | >ioce | 2.5)| 34.85| — /’um'//,\,;
1005 | * 0 0| 2235| 7. 2] |2/059 | 484 | (.77] 7./ |~ | rupgpon,
10]0 | = 15,4 22.Y 9 732 | 20967 | 780 |2.08 | /30| —| Punpis |
1600 | %240y | 2269 | 727 | 2080F | 978 | 3.90| Y.} | — *
Jo3o 20.¥¢| 7.30 | 2/0YS | (3%| V(3| 9.0 | — | A
J0 15 |5 5gal | 22,08 P26 2)129 | 4O)|4.06|29.0] — |
1[0V 23.86| 720 | 20966 |2)5|2.7750.8 | —
HIS |78, 23.458| 7.20 [2723¢ | )1]3 |2.70, 584 | — '
130 | 94a/1 23985 | 7.2/ | 2lagle [ 20) |2.72| ho.0 | -
1195 |$lognl | 2296 | 720 | 2)108 | 84 |257| 5722 | — | *
]IS S t——S 1o p Purping wel] 2] — ”
i 77
12/5 Reslum ¢ f’un\///\?
1225 1 %12ga) 12090 | 7.2] [2))0% |"56 | 320\ 8.2 | = | Plap/ng
1245 |71 gall 2363] 279 | 21716 | 1YY |2:20] 78.0 | - %
Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: &’
Pump:l___l Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Dupilicate ID: Sample Time:
Other:D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




(g 2 of2

Well No.. AW Y Zi Isite: Sea] [Beach lDate: 16//0/0 7 _J[
Time Gallons Temp. oH Conductivity | Turbidity DO ORP DTW Comments
¢orp) (umhosfem) | (NTUs) | (mgll) | (mv) | (TOC)
136015 50| 2304 7081 2/2071 1T |2.95 | Yb. 2 Pumping
L 32/5 1207550 22.97] 23027438 | (065 | 2.90 | Se.2| — 2
1332 =855\ 20.€7\ 7.2/ | 2))jo | 4Y | 2.0¥ | 9468 | —
(34512 204al| 23.05| 7.2002)492 | 320} 3.200 S35 - "
19006 23091 723120179 | 1Sl | 36> | 55. 0] ~ "
14,5 k22.5.42080 | 729 2/3% | R | | 278|572] - 4
(425 27261 22N 241437 2./3 1 28| 795 - "
[ Y20 k22.5 (2275 72314096 28] | 3.69] 387 - ”
J430 |5 235ll—"r | Stop Pu&m,ﬂ/'/\? Z L |\Fully [Dereloged




Pg ) of 3

Well No.: A W Y Z 2 lSite: Seal Beacl,

loate: Jo//6/07

Client:

Project Num

ber:

Well Casing Diameter (inches):

Well Headspace:

PID (ppm):

d. o

FID (ppm):

Well Casing Material: _PVC _SS (OTFI'eD Fd/ y
7

N/A

Samplers: CAod /hari)/ A with CDM

P

Total Depth of Well (feet):
Depth to Water (feet):
Water Column Height (feet):

/ 22 9 (X)4" - 0.65 Galftt. =

2" - 016

6" - 1.47

X) 3=

¥ Minimum purge volum

le/11

Well Reference Point: TOC e (gallons)
PURGE METHOD: Submersible pump D Bladder pump D Disposable bailerD

Pump Make/Mode!: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y @ N D Container type:
Purge/decon water containerized? Y E—N [|volume: FPer)stal 4/ ¢ ,V(/\/Fp = )75 a.))oas

Start Time: Flow Rate: i -
Time Gallons Zér;,],g) pH &Oggg:;:rg T;l;lr_?si:)y (rrl?g?L) 8:33) (ﬂD_;_I’(\;\é) Comments

490 = Begi| to |Punp | Z 2 192985y

|yy§ Q327 2./ 7 120698 | > jpoe | $. 02317 9.9 | — Ponping

(5002340l 2723 | 7.0 |2/0a5 | 33] | g 00l70) | — | * -

AYLY 2304 | 2.1 |2)008 | yYo | 275 | §7.9 | — g

1§30 (& 5,4/122.90 | 7./9 | 2/070| jHG | 2.68| 98.2 — "

E5) 2309 7.20 20926 257 | 3.97 | /ob.5| ~— "

[ 00 2288 71l |2/062 | |08 396 |27 | ~ "

[kos 7.5 S fop Pum ping fer |Toda y —

67/% fos uame Plumping -

0720 2.3/ | 723 (20599 | 172 |viC [/$50 | — | Pumpiy
o730 2L 881 7/9 |20 | §7.2| 292 |[}229 | — !
07Y5 [£2.5,u00218b | 7./7 | 20826 | 7.3 | 3.57 oo | - g
0800 |=ga) |22.17 | 7./8 | 209yy | 3/.2~13.05 1979 | — '
08/5 | = 55x023¥2| 7.J8 | j98Y0| |72.% | 3./t | 98 Q| — &
08¢ 22 33| 249120897 | 10-[ | 2.29|970 | — "’

' Chemets DO (mg/L):
Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method:
N\

Pump:D Flow Rate: Sample |D: Sample Time:
Bailer:[:] Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




Pg 3 of 2

Well No.. AMWY Z-3 Isite: 52 [ Beach lpate: jO//1/¢ 7 _JI
) Temp. — ] Conductivity] Turbidity DO ORP DTW
Time Gallons @F) pH (umhos/cm) | (NTUs) (m ”LL) (mV) (f TOC) Comments

0900 | = 10gal| 22¥T | 707\ 2o §9: | 1. XY | 3.2k /05 9| —
0Qo0 |—1 S4zlp Pv\m,ﬂ 2 A Dewe/iped

iR

Total ¥ 17 59allions




fg Jof |

Well No.: A W‘, Z3 lSite: seal Feoch IDate: 104U 57
Client: Project Number:
Well Casing Diameter (inches): Well Casing Material: PVC SS Othép /90/ Y
Well Headspace: PID (ppm): ¢©.¢& - §
Samplers: Chad MNawi’'n  with CDM AnitheBieie=Feeh
Total Depth of Weli (feet): 35 2" - 0.16
Depth to Water (feet): / g£,27 (X) 4" - 0.65 Galfft. = (X)3 =
Water Column Height (feet): 6" - 1.47 ‘ FMinimum purge volumel
Well Reference Point: _"- (gallons)
PURGE METHOD:  Submersible pump |_] Bladderpump L] Disposable bal_}
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y N D Container type:
Purge/decon water containerized? Y @N D Volume: P()r j$ +a) )} ¢ fwhp g C) qgallons
Start Time: Flow Rate: § ”

Time | Gallons E@'ﬁ% pH (Cpc;mg:}lcvrlr?)/ Eﬁr?ifé‘)y (nl':l)gj?L) gnRvF; (ftD TTgVC) Comments
09/5 [———| Begin| {2 Pulrne e [l - Si@“fé""—'/‘
9920 2374 2.5% | 22080 | > joeo| 5.59| 28 2 Pomp ing
0930 | = gaf|23.%} | 7.9 | 2|9y [ 302|488 | 2B y4
09y5| 7 123,96 | 7¥Y | 23253 | e | 496 | 320

1015 7oz vl 738 | 20050 | Yol £36| 2.7
030 22,291 7.2912/%90 | 32819 /7{2)-/
(095 | %5454l (2320 | 738 |2)8)0 |[7.2319.27|32 6
1100 2089 | 735 |29/ | [3Y [3.% [2D.0
15 2071 2261 209081229 (Y 0/| 2. %
1120 |2725,4(20.95 | 733 | 2/002|£.%9|3.26] 275
[1 YT 23)o | 7.39 | 21200 {5.0] | 239 | 26.0
1200 %9 4a/|23.45| 7323 | 2/096 |[-YF |3.39/29.7
(200 |——1" Sdop pum ping ZoAe 3 _Flolly |Develof

1000 %05, A123.55 | 715 | 222981270 |5.23|2b. | | —

¢ d T

Chemets DO (mg/L):

Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: x”
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:L—_I Type: disposable Duplicate 1D: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

cm MONITORING WELL PURGE AND SAMPLING FORM




[q [ of ]

h)ate: 0 /1 /07

WellNo: Aniv Y Z Y |Site: sea/ Beach

Client: - Project Number:
Well Casing Diameter (inches): Well Casing Material:  PVC SS p/th\e:D Po} Vi
e /
Well Headspace: PID (ppm): ¢. 0O
Samplers: CAad MMorin  with CDM with-Blaine-Feeh
Total Depth of Well (feet): 3 5 2" - 0.16
Depth to Water (feet): / 3, /0 (X)4" - 0.65 Gallft. = X)3=
Water Column Height (feet): 6" - 1.47 FMinimum purge volume|
Well Reference Point: - (gallons)
PURGE METHOD:  Submersible pump || Bladderpump [ ] Disposable bal_}
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y N D Container type:
Purge/decon water containerized? Y XIn [ ] |volume: Pecistal ic Punp = (4 oZ
[4
Start Time: Flow Rate:
. Temp. Conductivity | Turbidity DO ORP DTW
Time | Gallons | o0y PH (umhosicm) | (NTUs) | (mgiy) | (mv) |@Toc)| Comments
. . sTud —
125 |— g?_/qm to Pulmp  Zeonle (3.0
121% |boz | W[l wenH Dry -
Chemets DO (mg/L}):
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»

Sample Collection Method: &~
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: [_—_l Desc.. Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




Pqg_Jof 2

WellNo.. AmwsS #1

!Site: sea/ Keach

|Date: 10/ /67

Client:

Project Number:

Well Casing Diameter (inches):

Well Casing Material: PVC S8 @D Po/v
S—— /

Well Reference Point:

Well Headspace: PID (ppm): . O

Samplers: C had /har vj) with CDM —with-Blaine—
Total Depth of Well (feet): 35 2" - 0.16

Depth to Water (feet): 15,257 (x)4" - 0.65 Galfft. = (X)3=

Water Column Height (feet): 6" - 1.47 ¥ Minimu

PURGE METHOD:

Submersiblepumpr_—] Bladder pump D Disposable bailerD

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):

Purge equipment decontaminated? Y I_—_l N D Container type:

Purge/decon water containerized? Y [InC] |volume: f? r)Stal e /I(/k/y\ﬂ"; 53 gaf/ons
Start Time: Flow Rate: '

Time | Gallons }e@r}]% PH ﬁﬂggg};ﬁ T(lril”TJiL?g)y (rr?g?L) ?mRvF; (ﬂDTT(\;\é;)
1235 BQCIIIA\ +o Plvonp Zong 1k ’}EA’QLS’
1240 19.00 | 7.05 | 17278 |>joec | 139 |-633 Porping
1250 2329 708 | 11798 | 989 | 3.2) | 519
1300 | £2.554| 22.80| 716 | ]/025 |>/000 | .06 | =536 —
13/5 22.¥2| 7.23 | jgiS% | 73] [ 290 | -So. || —
[330. 12544/ |2.50 223 197972 | bl |29 |-Y33| —
1395 585, 542208 | 7.20 | 98857 | 33 | 3.08 | =Y9.3] —
[4ov | x9. 542382 726 | 98597 | 505 |3.-22 |27
14)S |2 10.5,420.95 | 737 | )pi8le | 92 | 3.82| 40,9 | —
[ Y30 =125,429.7/ | 7.25| Fy§7 | )77 | 2.7k| -¥27
[9YS |~ )55]22.59| 225 | 967/ | 70.5 | 3.0 | ~F0.b) —
1800 | 2)7022.80| 7.28 | 8bo3 | 550 | 3.751-Y7/)| —
[5(5 | %1854 22.79] 7.28| 9136 |32 | 272 | ~Y2]| —
1530|7204, | 2.3 7229 | 93> | /93 V3.3 |-376]
1595 |~ 22991 798 1 9100 172 1399 1-Y22

Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume
Sample Analyses: —»
Sample Collection Method: &”
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:l:] Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




fg 2 of 2

IwelNo: Amw S 2 4 lste: Seal Beach lDate: [0,/ /67 %]l
Time Gallons g(eé':g) pH ?pon::g:;:rﬁg 'I;L;lr_?:?;t)y ("?i-) 8:\7) (ﬂD.lT(\;\é) Comments
o0 22.5917.30 | 9013 | 84.7 | ¥.5%|-79.32| —

J o [0 2‘}/“\/ -fhlﬂ ,ﬂum,ﬂinj; foc | Todd V2

10/13 0725 ,gf’ld/‘n Fv f’dm,ﬁ Zne 1 —

0730 aLgl | 779126199 1363 | 6.5) |22 ——| Punpiy
0745 |72.5u121 9/ | 2.27| 9739|297 loo& (- SF- 7| — ”
0800 |xLonl|220] | 730 §I97 | )0] |£ £A}-780 ——
08lS 20¢7 | 728 | 9/sy | 139 |5 /2| -y2¥ — | ~
0830 |% 94all2207 | 7.26 | 9279 9§ |V.2| |-¥2.7| —— il
08YS |Z10ga) |22.07 ) 729 90)2 |2 (o 1.3l |~ 28 — ”
000 |2 jl5a\ 2221 | 729 §958 1172 LV y.b) | Y17 — i
59/5 |Z125,a] 2223 73) &7 3y | 29.A19./) |-2C4 ) — | ”
0930 215802229 | 229|893 | /8.9 |%FE =29 | —
0095 |=1055l]22.49 | 728 €983 | 1.2 | 4.4 |-260 | —— |
1000 | £000ulla 182 | 770 g9/ |4 99 | SAH| =323 ——| ~
1015 | zafgdlad 9| 2.30| 72 |20.% |10 {-732] —F 7
1030 | 229901 22.9317.29] 8Ly {147 |9 70| 327] — i
JodS | 20854.012030 | 2.3/ | €799 L8| | 536 [~-222] — i
100 2092 | 730 | §757 1479 14 9 |-22. 7] — ”

11/5 | %29pul) 2.5 730 8769 1.3/ 487 |-3/8
WIZE Sty plonprng | Zeone 1 2evhlped




f9 | of 2

Well No.: Ami & ?Q

Leoach |Date: /o//12/¢ 7

]Site: Sea

Client: Project Number:
Well Casing Diameter (inches): Well Casing Material:  PVC S8 m 100/ Y
Well Headspace: PID (ppm): C. O — g
Samplers: Chad /Maviein  with CDM with-Blaine-
Total Depth of Well (feet): 35 2" - 0.16
Depth to Water (feet): [§.-07" (x)a" - 065 Galft. = (X)3=
Water Column Height (feet): 6" - 1.47 ¥~ Minimu
Well Reference Point: e
PURGE METHOD: Submersible pump D Bladder pump D Disposable bailer D
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y @ N D Container type:
Purge/decon water containerized? Y lZlN L [volume: fe () sta ] tic pu mg = K1 9 gallons
Start Time: Flow Rate: ’ -
Time | Gallons (T(eéy"?) pH ((:mgggz:vr%/ T{J?iﬂt)y (n?g?L) ?mRvP) (ftD'I-'r(\;VC)
1130 |——| Beginlde fusgp Zone| Z 56"
)35 1352 | 229 18300 | >ipoo | 6495 | =).& | T rumriy
1ys 2369 | 7./7 | /757] | €90 | L8232 | Yol | T "
1200 23.7¢| 7.23 | [7Y3e| Jpe |59 | 563 | — .
12/5 27495 | .99 | /7063 |9/ | 5.)7 | 30| ~
JA30 55 9a ) |23 30| 7.0 )79k | §99 | 5.37 | 58.7| = ,
1 295 2357 7.00 | /L8827 | g% | 4.33 | ho.0 | — 7
1300 |%7.500|23.02 | .97 | )b 759 | 799 | 99X 55 )| — ~
U35 159542339 | 6.9 | /6SgS | 95 | 9.9 (9.0 | —
1330 2285)| (.95 | /63985 | 702 | 825 |4/ 0 — 7
]3Y5| 4000372 97 | /6377 77/15 63 Ha0] —
| 400 239/ | . %4 | 26278 glo | 60§ 143 9| — 7
LYIS | 209.5,423.02 | (.95 | /6223|590 | S 7/ | 628 | —

1 Y30 1229 e9b | 163/ | LY 7 | 5.50|79.9 | — 7,
[yys | ~172512099] (.99 | 7660 | 5 | 5091722 — °
Chemets DO (mg/L):

Analyzed ? | EPA Method Container Type/Volume
Sample Analyses: —» -—
Sample Collection Method: &
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate I1D: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

CDM

MONITORING WELL PURGE AND SAMPLING FORM




Pg 3 of2

Well No.: Anawg 2 9

10/ F5

'[Si_te: Seal é_’ch»(

IDate: je//2 ‘/0 7

_

Time Gallons I(%?E) pH ?p?::g:;:;’)/ -l;:lr-?{j’:)y (n?gcl)i &RVP) (ﬂD.ITCV’\é) Comments
(500(%)9 ) | 22206 | 6.97 | /633 | 372 1980 |82 | — Lomping
(515 2791 696 1 )to90 | /%9 |5 87|92 | — <
Ir??ﬂ 5129/44!/ 9—970 (ﬂQ7 /@/57 ?{og /9.02 7/9 — /i
1595 2259 .92 )s985)| 239\ 7.8/ |72 7} —— ”
1L00 20.Y( | (.99 | [SSE(| 280 | 70l|7a [ | —
[{p 05 '3?"/74./_’5"0}7 FQN,Q;A#ZQ for hda) . —
0750 t— geﬁjz\ 4o }Zlm,ﬂ Z|2— ;;.L;X/ ]
0755 213/ | 2,04 JLr W 18/ 6.8/ |1298 lrumping
0%15 2009|7201 10/281 122 |b.0o7 1062 — ”
0830 | xYgal |20 90| (o 96162064} 53.8 | S60 /7] | — | "
6§YS 2lv0 | .96 VIS | 305 |Lo] |9%.8 ) ——
0900 & 1550 |2/ 8% | 096 | /58 |17 |6 |8 | §7. ] — "
0918 z/¢gal| 2l $21 4,99 | /5789 30.0 [(p.0l| ®L2]| —| 7
0q3e X80 | (.93 | /15572 7.3 Sgo | 725 — °
0948 12 i3ar12189 1 6,92 | /Sb/9) 5.021 v.99 | 72. 9] — g
1000 |%)55ay | 2) 88| .93 | /5599 2 8) | ¥.95| 727 —— “
iry. Shipl fumped Zode 2 pleeelebdd




Pqg Jof [

Well No.. AW S 23 Isite: Sea) £each

]Date: 10//5/0 7

Client: Project Number:

Well Casing Diameter (inches):

Well Headspace: PID (ppm): 0. €

Well Casing Material: PVC SS @ /00/ )%

Samplers: ¢ Aad  /Narvin_ with CDM ~ewitheBlaine=
Total Depth of Well (feet): 35 2" - 0.16

Depth to Water (feet): 19.73 xy4" - 0.65 Galfft. = X)3=

Water Column Height (feet): 6" - 1.47 ¥~ Minimu

Well Reference Point: -

PURGE METHOD: Submersible pump D Bladder pump |:| Disposable bailer|___]

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y D N D Container type:
Purge/decon water containerized? Y CInD [volume: fecis Fal Fic Punp = ’\J g allen
d Vd
Start Time: Flow Rate:
Time Gallons Temp. H Conductivity | Turbidity DO ORP DTW
(°C/°F) P (umhos/cm) (NTUs) (mg/L) (mV) (ft TOC)
, ) STl
IO}O —_— 'g(’g,)/\ +” pb\m,ﬁ Zong ; ] 19.72
015 2069 | 745 159320 | >/000| 8.6 | 763 | Punping
.n———/ /
[O)0 el | el Wwent | D& y —
Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume
Sample Analyses: —» -
Sample Collection Method: i
Pump:D Flow Rate: Sample |D: Sample Time:
Bailer:D Type: disposable Duplicate |D: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




Fg /ot

Well Reference Point:

Well No.: Amivs FY |Site: seq) Peach |Date: lo s /S/07
Client: Project Number:

Well Casing Diameter (inches): Well Casing Material: PVC SS (OTh'e‘B f'g /v

Well Headspace: PID (ppm): 0.0 V 7

Samplers: ¢ Aad  MNoryjn  with COM —with-Blaine___
Total Depth of Well (feet): Z 5 2" - 0.16

Depth to Water (feet): /@ - Z@ (X) 4" - 0.65 Galfft. = X)3=

Water Column Height (feet): 6" - 1.47 ¥~ Minimu

PURGE METHOD:

Submersible pump D Bladder pump D Disposable bailerD

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y @ N D Container type:
Purge/decon water containerized? Y [Z| N[ ] [volume: Peiitaltic /UL/?\\ £ = J? 9a/)0N
7 g
Start Time: Flow Rate:
Time Gallons Temp. H Conductivity | Turbidity DO ORP DTW
CJ°F) P (ymhos/cm) (NTUs) (mg/L) (mV) (ft TOC)
. . s 4
fo4o Begin \f2 pumnlp. Zone |9 1878’
lo95 AL y8| 280 | ) Y007 | >j000| 9.02 | $3Y | Pusping
1050 Mgat| Well| veat Pry
Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume
Sample Analyses: —»
Sample Collection Method: &
Pump:|:| Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




fg9 [of S

WellNo.: A mw (s lSite: Sea/ Beoch IDate: 9/2] /¢ 7

Client: Project Number:

Well Casing Diameter (inches): %/ i Well Casing Material: @ SS Other:

Well Headspace: PID (ppm): .0

Samplers:  ¢Ahad Marv/a  with CDM ~witrBameFech—

Total Depth of Well (feet): 35.0 2" - 0.16

Depth to Water (feet): 1880 (x4 - 065 Gatt.= 10.9 9 (x)3=

Water Column Height (feet): lQ N i 6" - 147 FMinimum purge volume
Well Reference Point: - (gallons)
PURGE METHOD:; Submersible pump m Bladder pump D Disposable baD

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):

Purge equipment decontaminated? Y IAN [] Containertype: 55 gallen drumm
Purge/decon water containerized? Y IE N D Volume: 5.,1,' Je d < 7 Vq.ﬁ//ﬂ/\f ///\4\/6 d= 2 (e 0 goflions

Start Time: 07 30 Flow Rate:
. Temp. Conductivity | Turbidity DO ORP DTW
Time | Gallons | Gigopy pH (pmhgs/cm) (NTUs) | (mg) | (mv) |@Tocy| Comments
0755 | Y |20.32 | 7.36 | LS7/ |>iee|9.7Y(179.2 Swgs
0F0¢ ¥ lalyo| 2.27 | 7390 | > | 9.5 | 1060l -
0807 17 215Gl 71 ¥SY | >000) 4.49] 11 5 v
O%I5 | 29 12059 7.29 | 10599 | s joso| 4.7 | 1,02 !
——% Gt {ce f] 32 —

Chemets DO (mg/L):

Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: x”
Pump:D Flow Rate: Sample ID: Sample Time:
tajni
Bailer:lz Typezm*ee/ Duplicate ID: Sample Time:
Other: D Desc.; Equip. blank ID: Sample Time;

cm MONITORING WELL PURGE AND SAMPLING FORM
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Depth to Water (feet):

Water Column Height (feet):
Well Reference Point: TOC

_l&_%_ijx) 4" - 0.65 Galfft. =

6" - 147

X)3=

wellNo.: Am W la |Site: Seal Boack |Date: 10/ & /07

Client: Project Number:

Well Casing Diameter (inches): {7' " Well Casing Material: @\TC) SS Other:

Well Headspace: PID (ppm): O . 0O FID (ppm): N/A

Samplers: ¢ L od Marign  with CDM <with Bisine Feehr—
Total Depth of Well (feet): 3£ O 2"-0.16

¥~ Minimum purge volum

(galion

K

PURGE METHOD:

Submersible pump Bladder pump D Disposable bailerl:l

Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
[Purge equipment decontaminated? Y N D Container type:
Purge/decon water containerized? Y M N D Volume:
Start Time: Flow Rate:
Time Gallons Ten:;;.) pH &?ggg}gﬁ)’ ?;lr-:?gg)y (n?gc/)L) &R\; (ﬁD.;.r(\;\é) Comments
'i005~—_—’ Be ;n_to Sulye ¥ Bay| el 59
090 | 15 22207 Z)8| 11397] >loso | 5.6 | 2745 ——| S377< @
1050 29 [239%) 7.37| 19090 | >/000 | (.12 | 299.2] —] a0 ¢
1050 —— | Well| WealF l)rv
([o05 |27 (2092 7)% | Jaols | seve0 | teo | 257 3] ——| 75557
[Ho¥Fl 30 Tl Wend pey ' -
jJ25 1 3Y 122371 209112127 | >)000| 6. 92 [29). 2 | — ““gief_f’
)30 | M5 [2203] 7.761)27/9 | 908 |9.02 [29Y9. )| ——| “*47¢
1) 30 — Fidished w/ Slacge H Lo/ .
1200 0 gégin to loun-\ﬂ Wwe/)/ 55_2{57 /um'//,'f\t/
1205 5 [ 2372] 6.85| 19789| S62 |1.)7 1599 22,93 £ mins
1208 |2 Lgpon| 2350 b9 | (2672 8O | LoS| | €96 3812 | /S pjnr
1230 | #)ypan| 23.99| (.90 | )2777120Y | 2228 169.]1 |33.)9 | 240 jns
1235 | %25 \Wl)) | nmear| Pry —
|300 — Reslme Lo ping W{// ‘%—'{Zx
Chemets jDO (mg/L):
Method Container Type/Volume Preservative
Sample Analyses: —»
‘Sample Collection Method:
. \
Pump:D Flow Rate: Sample ID: Sample Time:
BaiIer:D Type: disposable Dupilicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM
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|WeIINo.: /)/Y\W(,o ' ‘LSi_te: Seenl _/gez/\c/\ IDate: lo /8/0 7 ﬁ=]|
Time Gallons EE) pH z:::ggg;::g 'l;:lr%‘c’!;t)y (n?g?L) (Oml-'\;;’) (ﬁD%) Comments
13051~ Loyl 2350 (82| 12083 16} | 5271 )07.9| 25 65| &5 muns
WA 1315 2 igpnl237) .89 | 12999 ] 176 | 183|907 12943 | |Sons
1230 = Jypr | 23 88| L85 | Jo705 1 BY byo | 0571379 30miar
1298| 2)gpm | 2282 | 87| j2039 | 27 | 6.921 99.) | 3360\ JCTrmins
1355 W/l weq 4 DPely —— — ;
| 420 —] Kff P /)(A/hﬂ//rn;/ — : 912"/9 R —
Y251 % )ypn| 23-92] (82 | 125)X | 37 {370 | [/82 2309 Snins
I H0 [ wlgore [ 22.79] b8 | 12be0] | o | 3.92 1032 | 2/.09) 200n/ns
1800\ % igpan|23.87 | bS5 | 12499y | 38 15961990 33.29[ 490 mins
1500 l——T wielll Wileat dir v ~F— 2
1S)S "1 Leidme ¥ ping e ) 2}. 88
1520 %)gpn| 9357 | b.§) | J29€I| 35 | (8911203 [27.42] 5 mjas
1 52%0|% |gom 2% 1 .53 [ 199 | 28 | (.93 ]/37 3032 | )8 mis
159 |y | 23.90 | g (o] 12928 ] %.591 108313/.97] 200~
(00 |xfoprr123.98] (.53 | 12379 | 8 9.09 1 )]).2 | 33701 4 Em/ns
[l o5 125 0xl 57"00 Pumlping Fdr Tedey ) —
7-/'9 0735 - B(’al/) '!‘d ﬂum; W(?//"' ~ ;?T,V;Z
07490 %) 4pan | 2302 | (82| (8870 §2 [4 31 1/200]2127] Smins
0750 |Rlopmn |73.37 83 | [3(0 | 299 | 57711327 3596 | [Emar
0805 |=igpn |23.3% | bBS | 19887 | 73 Y92 170%9 1 20.91 | 20 sns
0890 | %lgpn| 225G (.85 | DYy9 1 |9 | o] 1088|3253 lbmins
0SS Laippn | 225C) .89 ) 1239¢] ©@.8 | £721)/02 | 23.906] §0mins
¢$S7 _elll wea Dry
0929] Leclurme | Pumpi gy el ) ) — S0 8%
0925 1% /gpm|2329 | [r.9] 12822 1718 | 3061 772.1 129329 Smins
0990 | % lgpnn | 23492 (83| [279) | 3 | .83 1)/28 [2)25 | 20 4n¢
1o | Zigpa| 23891 6. 8S | 1735 | (.8 | (82 )10 ] 33.37] demms
020 | 2 )gpn| 23571 6 83], 12290 5.2 | 76011122 | 33(:8| o Omins_
EEi) F Lesdme  Aumping | e/l Y
1085 | %o | 2399 b-61 | 10892| 8. 1 1873 | 11Z( | 2538} Snjns
[10S |>lgpn 23.571 46,801 12909 149 |%-70 | (18 2] 29.27| [Sans
1126 Vxigpmn 2376 6.83] 122392 Y2 | 9.88|//(.0]32.55 | 20m/ns
1138 |~ Lopn) 2371 . 821 123006 2.6 | 9.57 | 115823 YE| Smins
1 381135 | EinsHed I”»\n\,p)'r\/o Weyps | Developed




Y PVe  PID: ¢ opmn

Fa dof L

Well No: PPV L

ste_Sea/ Bach

IDate: )/ 1507

Time Gallons ;%?g) pH ?por::g:}::g -Qm?'g:)y (OmR\; (ﬁD_;_I’(\;\(I:) Comments
1900 | —1 Begd4 tv Slurge land Blas/ 1952
905 | Ygal | 2027] .99 7963 | >1000 2000 - S
1920 | J7gal | 2089 £ 92] 172 ] | y/eve 270.8 | — -
1925 | 2lgal | 21-35| &.8le| ))bSC | > /000 249%.0| ——
) 4301 30;741 Einsshbd w/ Shige ) .
445 —— Belg/n o loum'ﬂ well T ;;"‘;‘0/ Panpiong
Y50 x/g{m« 20951 6. 7)1 11967 | >j000 .7 122.20] S5mins
[ 955 | 2 1gpm|22.08) (. 721 11 39> fooo 828 | 23.0Y| Mmins
/5.00 :/ﬁvﬂm 99-9? 5.77 /902‘/ >/”00 gy-[ 0938; /;ml'/\}'
1575 | R)gpm| 2 &S| 675 12225 | 582 958 2927130 m/ns
1530 | algpm| 22.5)| .79 J2/¢91 991 9¢. 7 12%. 58| FSmins
1SS | % Jppo |22.35| b7z | J2006 | 109 1038 |29 76| b Opins
ey ’Xllqpm 2082 L2 12]e?| 72 & /02-0515.03 75 mins
| b2y % — Slop f un\//'"/\ﬁ ’

A 25 ghjlondyy Reordred .

&\ "/ (}__{ibm"“}'/( Purp




'pVe  LIV=29ppnn fg /ot ]

wellNo.. fmiv § _ ste: seei/ Z&zC/\ lpate: [2//5/07 ‘;"
Time Gallons Z%?E) pH ?por:ggg;:gg T&r-?{jj;t)y ( rr?i_) 811'-\;7) (ﬁD.IT&) Comments
)30 |——— | Beagin 4o Slurge ahd Fay) Wle/(— PV B e——
1465 | 2 2172 709 ool > weel 109 |j6o 2 5.l
120) | 12 lateq | 770 | 7258 | >1eo | )2§) | |960] ——
1204 | 220 |g2L60| 709 |6902 | S>ie0 |U1.8€| [359| —
1205 Fenrshed wly Surge 4  Blas ] —T— —
1230 | ———| Begin - Piuong mell slri:?:w Pum,ﬂ/;:t}v

]235 D gal 22,57 | (5.85 7;72;1‘) Siovo 112,90 1590 12437 | & miar
1290 | 8025 22991 6.89 | 8099 | >/000 | 1.55 | 77.7 |28.27| lmins
1295 |2 Jppm| 2250 | (.37 94V Y [ >p0p0 | N7F 1 Go. 3 | 29.l6| {5 mins
]3¢ v "-/7,.9m 22931 (-8 9Qygs 3’-78 1.990 £ 9.2 129.99 2 Opnins
1205 |5iypm | 2230 | (-S| 9722 | 282 |12.291722 13088 | 45 mn
1230 | jgpn | 2206 | &.8b| 997] | 106 | 1092 | 758 | 34031 6O pine

|2 3¢ v 551“”“ —— T«HII) P mp ":.Aj —

TV 15 galo i) Reomlpved | — — N
\! ‘ !§ubn\erf/)/z Pv\mf’/




Appendix E.5
AEW-1 Development
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WellNo.. A F W4 Isne: See] Beach JDate: Y/ 20/0 7
Client: Project Number:
Well Casing Diameter (inches): '7' i Well Casing Material: m SS Other:
Well Headspace: PID (ppm): . O e
Samplers: C hnd M arv/n  With CDM _with-Bletre-Feeh-
Total Depth of Well (feet): 35.0 2" - .16
Depth to Water (feet): 7. 27 (X) 4" - 0.65 Gal/ft. = H : 52 X)3=
Water Column Height (feet): 1 7. 2 g 6" - 1.47 FMinimum purge volumel
Well Reference Point: . (qallons
PURGE METHOD: __ Submersible pump Bladderpump | ] Disposable bal_}
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? YEN D Container type: 55 /qﬁ//ﬂn Drum
Purge/decon water containerized? Y N D Volume:
Start Time: _Q 9 5O Flow Rate:
Time Gallons ) pH (Cpmggm})/ W;K#Sj:)y (rr?gc/)L) ((r)nRVF; (ﬂD TT(\;VC) Comments
joll %3 2259 .59 9729 [>swec 3299|1920 o 7
1019 |~8 12399 | (.50 | 5070 |>ie0| 250 162.8 i
1027 | X230 |29.67| (.53 | 5Y1Y | >jww |4.29 | i35 | e
j030 | £35 [ 2259 b.po | 569 | oo | 492 | i62 5 y
loY 5 Begin fo Pamp el ~i7.3] | fummping |
1050 515gpm |23.28 | (038 | S@yi | 595 | 2.2 |1I1.2 [poNg|
1255 1220 23491 (.90 5§99 |22] |0.89|86.0 |2).9¢ "
1100 {#30 |223b| (.90 | bosl | $90 |0.70 4960|295 *
J105 ). 79pm | 23.36) (2-37 | (00 | 695|069 9.2 |22.96
Nio |40 [234) Y0 | )7 |22 |e.bb|27.2]2097] ”
WIS | % )bgymt 2293 50 | (129 183 | 065|270 [2197
OO0 |20 |232.38%| .29 | (/23 |SL.7 |o.69 | Y83 2199 ~
| (125 | =07 2339 (90 | GlGo |45.7|0.69 | GoY |221|
N30 | 70 [2290| (.40 | LIS6 | 520\0.66L| 3% 22,00 "
Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: x”
Pumpzm Flow Rate: Sample ID: Sample Time:
Bailer: )] Type Hpcnabie. | |Duplicate ID: Sample Time:
Other:[_] Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM
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wellNo.. A E w1 [site: lpate: 9 /2) /07
Client: Project Number:
Well Casing Diameter (inches): Well Casing Material: PVC SS Other:
Well Headspace: PID (ppm):
Samplers: with CDM with Blaine Tech
Total Depth of Well (feet): 2" - 0.16
Depth to Water (feet): (X) 4" - 0.65 Gallfft. = (X) 3=
Water Column Height (feet): 6" - 1.47 T Minimum purge volume
Well Reference Point: o (gallons)
PURGE METHOD: __ Submersible pump [ | Bladder pump [ ] Disposable bal }
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y D N D Container type:
Purge/decon water containerized? Y D N I:] Volume:
Start Time: Flow Rate:
Tine | Gatons | BB | o | corterm Trom T o0 TR T O T o
Y0 | ® 1Sy 2299 | £.HY | 230 || 7L |1-80 | 876 | 20-59) ft«m
1200 | % 29pn23.0e) | L3 | )10 [1%9 |27(]330 |22)2]|p ‘DMTz
1200 | %ogpm| 2253 | €.M6 | (/IS |48 | 1071749 D30l
%30 129 | 2221 | (-3% | §3/5 |85y |)o%| 11281239 “
1290 | % 2gn| 22.26] (.39 Sg20 | i19 | 1.0 |59 239
1250 | #3gpm| 23209 LMD | LN 183 | 0.8Y| 1068.7| 22.9 | Atter sucpe
1300 #[50| 2239 (MO | (389 | 832|0.7))02.( |24.)l ”
[308 | Agpm |23.33 | (43 | 7/80 |290 | 05615 | | 2).38Artec snege
1320 | 29pm| 2233 | (N0 | (¥S) | J0H | 0.76] 165 2 |2Y.27|bus
[32G | =195 [2337] (/| 287 | 03 |).05|97. 9 |20.63|Affec sucge
13%1) | % 29pm| 2 30| (MO (2916 5.3 |0.725| 93 (» |24.23 Purting
139512220 Q34| (Y6 | (752 | 89. 2|2 32| Il (o | 2012 After sue
) 900 | %299 23.YI| O | £38S | [28 |2. 96| [10. |23.92] Durjnyg
1930|335 2392 (.o | L9067 |45 2|0.85| {2 2|2Y.i8 Duting
[Y5512270 [ 33Y0 | (6.59] L5 | 39.910-86 ()15 .2 |2Y.09] pucig
Chemets DO (mg/L): g
Analyzed 7 | EPA Method Container Type/Volume Preservative
Sample Analyses: —»
Sample Collection Method: x”
Pump:l:l Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
other:[_] Desc.: Equip. blank ID: Sample Time:
CDM MONITORING WELL PURGE AND SAMPLING FORM




wellNo. AEWw 1 |site: | Date:
Client: Project Number:
Well Casing Diameter (inches): Well Casing Material:  PVC SS Other:
Well Headspace: PID (ppm):
Samplers: with CDM with Blaine Tech
Total Depth of Well (feet): 2" - 0.16
Depth to Water (feet): (X) 4" - 0.65 Gal/ft. = (X) 3=
Water Column Height (feet): 6" - 1.47 Y\Minimum purge volume|
Well Reference Point: - (gallons)
PURGE METHOD: _ Submersible pump [ ] Bladderpump [ ] Disposable bal_}
Pump Make/Model: 2" Grundfos Rediflo Depth of pump intake (feet):
Purge equipment decontaminated? Y l:l N D Container type:
Purge/decon water containerized? Y D N D Volume:
Start Time: Flow Rate:

Time Gallons (TC%T:F;) pH ﬁf:gﬁgg}g/rg -I;L,\‘,r-?g ;t)y (ng(/)L) gnRVF; (ﬁD.:'(\;VC) Comments
[507 ~29pm| 23 52 (0.1 L2032 |8Y.2 (.07 |]253 12222 After suest
120 % 99pm| 2390 lo4) | 0725 | 427 | €. 99| 8.1 (2. j2 Puria
153 1232012373 (.29 | (227 956 | L5 105 }|23Y97 durirg |
IS59 | 233502299 | (,.39| €535 |59 |0.90| 1406|2368 Puting
16 00 )’/-o'p fl«m,//"ny fer [o dc\,)f -

Chemets DO (mg/L):
Analyzed ? | EPA Method Container Type/Volume Preservative
Sample Analyses: —» e
Sample Collection Method: x” .
Pump:D Flow Rate: Sample ID: Sample Time:
Bailer:D Type: disposable Duplicate ID: Sample Time:
Other: D Desc.: Equip. blank ID: Sample Time:

MONITORING WELL PURGE AND SAMPLING FORM




Appendix F
Injection Details



NAVAL WEAPONS STATION SEAL BEACH, SITE 70

ESTCP Project ER-0513,

ACTIVE CELL INJECTION SUMMARY

Injection | Well ID | Injection Date | Volume Volume 60% Sodium Volume Lactate Total Average Lactate Comments
Event Range Water Sodium Lactate Lactate Lactate Injection Injection | Injection Flowrate
Injected Injected Conc. Injected * Conc. Time (Hours) (gpm)
(gallons) (gallons) (%) (gallons) (%)
PRE-CONDITIONING
AIW-1 | 4/23-4/24/08 445 23 5.3% 11 2.5% 10.0 0.7
1 AIW-2 | 4/23-4/24/09 505 27 5.3% 13 2.5% 10.0 0.8
TOTAL | 4/23-4/24/10 950 50 5.3% 24 2.5% 10.0 1.6
AIW-1 7/16-18/08 408 22 5.5% 11 2.6% 16.0 0.7
2 AlW-2 7/16-18/08 577 28 4.8% 13 2.3% 16.0 0.7
TOTAL | 7/16-18/08 985 50 5.1% 24 2.4% 16.0 1.0
AIW-1 | 10/17-21/2008 734 24 3.3% 12 1.6% 17.5 0.7 Active system run for 16 hours following injection
3 AIW-2 | 10/17-21/2008 800 26 3.2% 12 1.5% 17.5 0.6 Active system run for 16 hours following injection
TOTAL | 10/17-21/2008 1,534 50 3.3% 24 1.6% 17.5 1.5
AIW-1 1/6-8/09 756 26 3.5% 13 1.7% 17.0 0.7
4 AlW-2 1/6-8/09 625 21 3.4% 10 1.6% 17.0 0.8
TOTAL 1/6-8/09 1,381 48 3.4% 23 1.7% 17.0 1.4
PRE-CONDITIONING TOTALS
AIW-1( 2,343 96 4.1% 46 2.0% 60.5 0.6
AlW-2( 2,507 101 4.0% 49 1.9% 60.5 0.7
TOTAL| 4,850 198 4.1% 95 2.0% 60.5 13
BIOAUGMENTATION
AIW-1 1/30/09 648 12.9 2.0% 6.2 1.0% 9.5 1.1 Switched to weekly injections
1 AlIW-2 1/30/09 593 11.9 2.0% 5.7 1.0% 9.5 1.0 See separate spreadsheet for details:
TOTAL 1/30/09 1,241 24.8 2.0% 11.9 1.0% 9.5 2.2 (0109 Active Injection Log.xls)
AIW-1 2/5/09 428 6.9 1.6% 3.3 0.8% 6.5 1.1 See separate spreadsheet for details:
2 AlIW-2 2/5/09 376 6.0 1.6% 2.9 0.8% 6.5 1.0 (0209 Active Injection Log.xls)
TOTAL 2/5/09 804 12.9 1.6% 6.2 0.8% 6.5 2.1
AlW-1 2/13/09 337 6.2 1.8% 3.0 0.9% 6.0 0.9
3 AIW-2 2/13/09 345 6.3 1.8% 3.0 0.9% 6.0 1.0
TOTAL 2/13/09 682 12.5 1.8% 6.0 0.9% 6.0 1.9
AlW-1 2/20/09 359 6.1 1.7% 2.9 0.8% 7.5 0.8
4 AlW-2 2/20/09 394 6.6 1.7% 3.2 0.8% 7.5 0.9
TOTAL 2/20/09 753 12.7 1.7% 6.1 0.8% 7.5 1.7
AlW-1 2/27/09 391 5.6 1.4% 2.7 0.7% 7.8 0.8
5 AIW-2 2/27/09 485 6.9 1.4% 3.3 0.7% 7.8 1.0
TOTAL 2/27/09 876 12.5 1.4% 6.0 0.7% 7.8 1.9
FEBRUARY TOTALS 4,356 75 1.7% 36 0.8% 37 1.9
AlW-1 3/5/09 319 5.7 1.8% 2.8 0.9% 6.5 0.8 See separate spreadsheet for details:
6 AlIW-2 3/5/09 382 6.9 1.8% 3.3 0.9% 6.5 1.0 (0309 Active Injection Log.xls)
TOTAL 3/5/09 701 12.6 1.8% 6.0 0.9% 6.5 1.8
AlW-1 3/13/09 385 5.8 1.5% 2.8 0.7% 7.0 0.9
7 AIW-2 3/13/09 451 6.9 1.5% 3.3 0.7% 7.0 1.1
TOTAL 3/13/09 836 12.7 1.5% 6.1 0.7% 7.0 2.0




ESTCP Project ER-0513,
NAVAL WEAPONS STATION SEAL BEACH, SITE 70
ACTIVE CELL INJECTION SUMMARY

Injection | Well ID | Injection Date | Volume Volume 60% Sodium Volume Lactate Total Average Lactate Comments
Event Range Water Sodium Lactate Lactate Lactate Injection Injection | Injection Flowrate
Injected Injected Conc. Injected * Conc. Time (Hours) (gpm)
(gallons) (gallons) (%) (gallons) (%)
AlW-1 3/20/09 456 6.9 1.5% 3.3 0.7% 7.0 1.1
8 AlW-2 3/20/09 377 5.7 1.5% 2.7 0.7% 7.0 0.9
TOTAL 3/20/09 833 12.6 1.5% 6.0 0.7% 7.0 2.0
AlW-1 3/27/09 419 5.6 1.3% 2.7 0.6% 7.0 1.0
9 AIW-2 3/27/09 495 6.7 1.3% 3.2 0.6% 7.0 1.2
TOTAL 3/27/09 914 12.3 1.3% 5.9 0.6% 7.0 2.2
MARCH TOTALS 3,284 50 1.5% 24 0.7% 28 2.0
AIW-1 4/2/09 285 7.1 2.5% 3.4 1.2% 7.3 0.6 See separate spreadsheet for details:
10 AlIW-2 4/2/09 228 5.6 2.5% 2.7 1.2% 7.3 0.5 (0409 Active Injection Log.xls)
TOTAL 4/2/09 513 12.7 2.5% 6.1 1.2% 7.3 1.2
AlW-1 4/8/09 383 6.8 1.8% 3.3 0.9% 5.7 1.1
11 AIW-2 4/8/09 327 5.8 1.8% 2.8 0.9% 5.7 1.0
TOTAL 4/8/09 710 12.6 1.8% 6.0 0.9% 5.7 2.1
AlW-1 4/18/09 333 6.2 1.9% 3.0 0.9% 6.0 0.9
12 AlIW-2 4/18/09 331 6.2 1.9% 3.0 0.9% 6.0 0.9
TOTAL 4/18/09 664 12.4 1.9% 6.0 0.9% 6.0 1.8
AlW-1 4/24/09 396 6.6 1.7% 3.1 0.8% 6.0 1.1
13 AIW-2 4/24/09 341 5.6 1.7% 2.7 0.8% 6.0 0.9
TOTAL 4/24/09 737 12.2 1.7% 5.9 0.8% 6.0 2.0
APRIL TOTALS 2,624 50 1.9% 24 0.9% 25 1.8
AlW-1 5/1/09 398 6.6 1.6% 3.2 0.8% 6.0 1.1 See separate spreadsheet for details:
14 AlIW-2 5/1/09 360 5.9 1.6% 2.8 0.8% 6.0 1.0 (0509 Active Injection Log.xls)
TOTAL 5/1/09 758 12.5 1.6% 6.0 0.8% 6.0 2.1
AlIW-1 5/7/09 463 7.3 1.6% 3.5 0.8% 7.0 1.1
15 AIW-2 5/7/09 325 5.2 1.6% 2.5 0.8% 7.0 0.8
TOTAL 5/7/09 788 12.5 1.6% 6.0 0.8% 7.0 1.9
AlW-1 5/15/09 458 6.6 1.4% 3.2 0.7% 7.0 1.1
16 AlIW-2 5/15/09 420 6.1 1.4% 2.9 0.7% 7.0 1.0
TOTAL 5/15/09 878 12.7 1.4% 6.1 0.7% 7.0 2.1
AlW-1 5/22/09 444 6.3 1.4% 3.0 0.7% 9.0 0.8
17 AIW-2 5/22/09 450 6.3 1.4% 3.0 0.7% 9.0 0.8
TOTAL 5/22/09 894 12.6 1.4% 6.0 0.7% 9.0 1.7
AlW-1 5/29/09 442 7.0 1.6% 3.3 0.8% 7.8 0.9
18 AlW-2 5/29/09 352 5.5 1.6% 2.7 0.8% 7.8 0.7
TOTAL 5/29/09 794 12.5 1.6% 6.0 0.8% 7.8 1.7
MAY TOTALS 4,112 63 1.5% 30 0.7% 37 1.9
AlW-1 6/3/09 421 6.9 1.6% 3.3 0.8% 6.0 1.2 See separate spreadsheet for details:
19 AlIW-2 6/3/09 356 5.8 1.6% 2.8 0.8% 6.0 1.0 (0609 Active Injection Log.xls)
TOTAL 6/3/09 777 12.7 1.6% 6.1 0.8% 6.0 2.2
AlW-1 6/9/09 337 6.6 1.9% 3.1 0.9% 5.0 1.1
20 AlIW-2 6/9/09 300 5.8 1.9% 2.8 0.9% 5.0 1.0




ESTCP Project ER-0513,
NAVAL WEAPONS STATION SEAL BEACH, SITE 70
ACTIVE CELL INJECTION SUMMARY

Injection | Well ID | Injection Date | Volume Volume 60% Sodium Volume Lactate Total Average Lactate Comments
Event Range Water Sodium Lactate Lactate Lactate Injection Injection | Injection Flowrate
Injected Injected Conc. Injected * Conc. Time (Hours) (gpm)
(gallons) (gallons) (%) (gallons) (%)
TOTAL 6/9/09 637 12.4 1.9% 6.0 0.9% 5.0 2.1
AIW-1 6/20/09 529 25.9 4.9% 12.4 2.3% 7.0 1.3 **Injection volume changed to 50 gallons
21 AlW-2 6/20/09 491 24.0 4.9% 11.5 2.3% 7.0 1.2
TOTAL 6/20/09 1,020 49.9 4.9% 24.0 2.3% 7.0 2.4
AlW-1 6/26/09 378 24.7 6.5% 11.8 3.1% 5.0 1.3
22 AlW-2 6/26/09 391 25.5 6.5% 12.3 3.1% 5.0 1.3
TOTAL 6/26/09 769 50.2 6.5% 24.1 3.1% 5.0 2.6
JUNE TOTALS 3,203 125 3.8% 60 1.8% 23 2.3
AIW-1 7/2/09 484 23.8 4.9% 11.4 2.4% 15.2 0.5 See separate spreadsheet for details:
23 AIW-2 7/2/09 541 26.5 4.9% 12.7 2.4% 15.2 0.6 (0709 Active Injection Log.xls)
TOTAL 7/2/09 1,025 50.3 4.9% 24.1 2.4% 15.2 1.1
AlW-1 7/9/09 521 27.1 5.2% 13.0 2.5% 13.8 0.6
24 AIW-2 7/9/09 446 23.2 5.2% 11.1 2.5% 13.8 0.5
TOTAL 7/9/09 967 50.3 5.2% 24.1 2.5% 13.8 1.2
AIW-1 7/17/09 498 25.1 5.0% 12.0 2.4% 9.8 0.8
25 AlIW-2 7/17/09 505 25.4 5.0% 12.2 2.4% 9.8 0.9
TOTAL 7/17/09 1,003 50.5 5.0% 24.2 2.4% 9.8 1.7
AlIW-1 7/24/09 361 25.9 7.2% 12.4 3.4% 11.0 0.5
26 AIW-2 7/24/09 343 24.6 7.2% 11.8 3.4% 11.0 0.5
TOTAL 7/24/09 704 50.5 7.2% 24.2 3.4% 11.0 1.1
AIW-1 7/29/09 436 26.2 6.0% 12.6 2.9% 11.0 0.7
27 AIW-2 7/29/09 405 24.3 6.0% 11.7 2.9% 11.0 0.6
TOTAL 7/29/09 841 50.5 6.0% 24.2 2.9% 11.0 1.3
JULY TOTALS 4,540 252 5.7% 121 2.7% 61 1.3
AIW-1 8/7/09 346 224 6.5% 10.8 3.1% 10.3 0.6 See separate spreadsheet for details:
28 AlW-2 8/7/09 434 28.1 6.5% 13.5 3.1% 10.3 0.7 (0809 Active Injection Log.xls)
TOTAL 8/7/09 780 50.5 6.5% 24.2 3.1% 10.3 1.3
AIW-1 8/14/09 458 24.3 5.3% 11.7 2.5% 16.0 0.5
29 AlW-2 8/14/09 483 25.6 5.3% 12.3 2.5% 16.0 0.5
TOTAL 8/14/09 941 49.9 5.3% 24.0 2.5% 16.0 1.0
AIW-1 8/21/09 469 24.1 5.1% 11.6 2.5% 12.2 0.6
30 AIW-2 8/21/09 507 26.0 5.1% 12.5 2.5% 12.2 0.7
TOTAL 8/21/09 976 50.1 5.1% 24.0 2.5% 12.2 1.3
AlW-1 8/28/09 426 22.4 5.2% 10.7 2.5% 14.0 0.5
31 AIW-2 8/28/09 521 27.3 5.2% 13.1 2.5% 14.0 0.6
TOTAL 8/28/09 947 49.7 5.2% 23.9 2.5% 14.0 1.1
AUGUST TOTALS 3,644 200 5.5% 96 2.7% 53 1.2
AIW-1 9/3/09 536 314 5.9% 15.1 2.8% 9.0 1.0 See separate spreadsheet for details:
32 AlW-2 9/3/09 319 18.7 5.9% 9.0 2.8% 9.0 0.6 (0909 Active Injection Log.xls)
TOTAL 9/3/09 855 50.1 5.9% 24.0 2.8% 9.0 1.6
AIW-1 9/11/09 - - - - - 2.0 - System power outage. System restarted on 9/11/09




ESTCP Project ER-0513,
NAVAL WEAPONS STATION SEAL BEACH, SITE 70
ACTIVE CELL INJECTION SUMMARY

Injection | Well ID | Injection Date | Volume Volume 60% Sodium Volume Lactate Total Average Lactate Comments
Event Range Water Sodium Lactate Lactate Lactate Injection Injection | Injection Flowrate
Injected Injected Conc. Injected * Conc. Time (Hours) (gpm)
(gallons) (gallons) (%) (gallons) (%)
33 AlW-2 9/11/09 - - 2.0 témporarily but wasiagaih shut down after not working
TOTAL 9/11/09 B 9.8 B 4.7 - 2.0 - properly. System fixed and restarted on 9/17/09.
AIW-1 9/17/09 470 25.9 5.5% 12.4 2.6% 8.0 1.0
34 AlIW-2 9/17/09 277 15.2 5.5% 7.3 2.6% 8.0 0.6
TOTAL 9/17/09 747 41.1 5.5% 19.7 2.6% 8.0 1.6
AlIW-1 9/18/09 571 32.3 5.7% 15.5 2.7% 10.0 1.0
35 AIW-2 9/18/09 324 18.3 5.7% 8.8 2.7% 10.0 0.5
TOTAL 9/18/09 895 50.6 5.7% 24.3 2.7% 10.0 15
AIW-1 9/25/09 483 30.2 6.2% 14.5 3.0% 14.0 0.6
36 AlIW-2 9/25/09 326 20.3 6.2% 9.8 3.0% 14.0 0.4
TOTAL 9/25/09 809 50.5 6.2% 24.2 3.0% 14.0 1.0
SEPTEMBER TOTALS 3,306 202 5.8% 92 2.8% 41 1.4
AIW-1 10/2/09 321 19.7 6.1% 9.4 2.9% 9.0 0.6
37 AlW-2 10/2/09 374 22.9 6.1% 11.0 2.9% 9.0 0.7
TOTAL 10/2/09 695 42.6 6.1% 20.4 2.9% 9.0 1.3
OCTOBER TOTALS 695 43 6.1% 20 2.9% 9 1.3
13,974 797 5.7% 378 2.7% 175 1.3
POST-BIOAGUMENTATION TOTALS
AIW-1] 15,389 547 3.6% 262 1.7% 313 0.8
AIW-2| 14,375 504 3.5% 242 1.7% 313 0.8
TOTAL|] 29,764 1,061 3.6% 504 1.7% 313 1.6
OVERALL TOTALS (PRE-CONDITIONING & POST-BIOAUGMENTATION)
AIW-1] 17,732 643 3.6% 309 1.7% 373 0.8
AIW-2| 16,882 605 3.6% 290 1.7% 373 0.8
TOTAL] 34,614 1,258 3.6% 599 1.7% 373 1.5




ESTCP Project ER-0513,
NAVAL WEAPONS STATION SEAL BEACH, SITE 70
PASSIVE CELL INJECTION SUMMARY

Injection | Well ID | Injection Date Volume Volume 60% Sodium Volume Lactate Total Average Lactate Comments
Event Range Water Sodium Lactate Lactate Lactate Injection Injection Injection
Injected Injected Conc. Injected 1 Conc. Time (Hours) Flowrate
(gallons) (gallons) (%) (gallons) (%) (gpm)
Pre-Conditioning

PIW-1 8/7-8/8/08 924 16.5 1.8% 7.9 0.9% 14.5 1.1 Tracer performed in PIW-1 during this injection.
1 PIW-2 8/7-8/8/08 1,066 17.0 1.6% 8.2 0.8% 12.3 1.5
PIW-3 8/7-8/8/08 1,066 17.0 1.6% 8.2 0.8% 12.3 1.5
TOTAL 8/7-8/8/08 3,057 51 1.7% 24 0.8% 14.5 3.5
PIW-1 9/8-9/9/08 1,067 17.0 1.6% 8.1 0.8% 16.2 1.1
2 PIW-2 9/8-9/9/08 1,071 17.0 1.6% 8.2 0.8% 13.3 1.3
PIW-3 9/8-9/9/08 1,067 17.0 1.6% 8.1 0.8% 13.3 1.3
TOTAL 9/8-9/9/08 3,205 51 1.6% 24 0.8% 16.2 3.3
PIW-1 10/21-22/08 1,067 17 1.6% 8 0.8% 18.0 1.0
3 PIW-2 10/21-22/08 1,066 17 1.6% 8 0.8% 18.0 1.0
PIW-3 10/21-22/08 1,066 17 1.6% 8 0.8% 18.0 1.0
TOTAL| 10/21-22/08 3,199 52 1.6% 25 0.8% 18.0 3.0
PIW-1 1/6-8/09 953 15.8 1.7% 7.6 0.8% 15.9 1.0
4 PIW-2 1/6-8/09 954 15.8 1.7% 7.6 0.8% 15.9 1.0
PIW-3 1/6-8/09 952 15.8 1.7% 7.6 0.8% 15.9 1.0
TOTAL 1/6-8/09 2,859 48 1.7% 23 0.8% 15.9 3.0
bro. | PW-1 | 8/7/08-1/12/09 | 4,011 67 1.7% 32 0.8% 65 1.0
Conditio | PIw-2 | 8/7/08-1/12/09 | 4,156 67 1.6% 32 0.8% 60 1.2
ning: PIW-3 | 8/7/08-1/12/09 4,151 67 1.6% 32 0.8% 60 1.2
Totals TOTAL | 8/7/08-1/12/09 12,319 201 1.6% 96 0.8% 65 3.2

POST-BIOAUGMENTATION

PIW-1 2/4-2/6/09 1,001 16.7 1.7% 8.0 0.8% 17.2 1.0
1 PIW-2 2/4-2/6/09 1,001 16.7 1.7% 8.0 0.8% 17.2 1.0
PIW-3 2/4-2/6/09 1,000 16.7 1.7% 8.0 0.8% 17.2 1.0
TOTAL 2/4-2/6/09 3,002 50 1.7% 24.0 0.8% 17.2 2.9
PIW-1 3/2-3/5/09 1,000 16.6 1.7% 8.0 0.8% 16.8 1.0
2 PIW-2 3/2-3/5/09 1,006 16.7 1.7% 8.0 0.8% 16.8 1.0
PIW-3 3/2-3/5/09 1,007 16.7 1.7% 8.0 0.8% 16.8 1.0
TOTAL 3/2-3/5/09 3,013 50 1.7% 24.0 0.8% 16.8 3.0
PIW-1 4/1-4/2/09 1,000 16.6 1.7% 8.0 0.8% 17.7 0.9
3 PIW-2 4/1-4/2/09 1,002 16.7 1.7% 8.0 0.8% 17.7 0.9
PIW-3 4/1-4/2/09 1,005 16.7 1.7% 8.0 0.8% 17.7 0.9
TOTAL 4/1-4/2/09 3,007 50 1.7% 24.0 0.8% 17.7 2.8
PIW-1 5/5-5/7/09 1,000 16.7 1.7% 8.0 0.8% 16.6 1.0
4 PIW-2 5/5-5/7/09 1,000 16.7 1.7% 8.0 0.8% 16.6 1.0
PIW-3 5/5-5/7/09 1,001 16.7 1.7% 8.0 0.8% 16.6 1.0
TOTAL 5/5-5/7/09 3,001 50 1.7% 24.0 0.8% 16.6 3.0
PIW-1 6/1-6/3/09 1,000 16.6 1.7% 8.0 0.8% 18.0 0.9




NAVAL WEAPONS STATION SEAL BEACH, SITE 70

ESTCP Project ER-0513,

PASSIVE CELL INJECTION SUMMARY

Injection | Well ID | Injection Date Volume Volume 60% Sodium Volume Lactate Total Average Lactate Comments
Event Range Water Sodium Lactate Lactate Lactate Injection Injection Injection
Injected Injected Conc. Injected 1 Conc. Time (Hours) Flowrate
(gallons) (gallons) (%) (gallons) (%) (gpm)
5 PIW-2 6/1-6/3/09 1,001 16.7 1.7% 8.0 0.8% 18.0 0.9
PIW-3 6/1-6/3/09 1,003 16.7 1.7% 8.0 0.8% 18.0 0.9
TOTAL 6/1-6/3/09 3,004 50 1.7% 24.0 0.8% 18.0 2.8
PIW-1 6/30-7/2/09 1,197 20.5 1.7% 9.8 0.8% 20.7 1.0
6 PIW-2 6/30-7/2/09 1,152 19.7 1.7% 9.8 0.8% 20.7 0.9
PIW-3 6/30-7/2/09 1,161 19.8 1.7% 9.8 0.8% 20.7 0.9
TOTAL 6/30-7/2/09 3,510 60 1.7% 28.8 0.8% 20.7 2.8
PIW-1 8/19-8/21/09 1,117 19.4 1.7% 9.3 0.8% 18.5 1.0
7 PIW-2 8/19-8/21/09 1,158 20.2 1.7% 9.3 0.8% 18.5 1.0
PIW-3 8/19-8/21/09 1,172 20.4 1.7% 9.3 0.8% 18.5 1.1
TOTAL| 8/19-8/21/09 3,447 60 1.7% 28.8 0.8% 18.5 3.1
PIW-1 9/1-9/3/09 1,166 19.6 1.7% 9.4 0.8% 18.0 1.1
8 PIW-2 9/1-9/3/09 1,200 20.2 1.7% 9.4 0.8% 18.0 1.1
PIW-3 9/1-9/3/09 1,200 20.2 1.7% 9.4 0.8% 18.0 1.1
TOTAL 9/1-9/3/09 3,566 60 1.7% 28.8 0.8% 18.0 3.3
Post-Bioaugmentation Totals
PIW-1| 8,481 143 1.7% 69 0.8% 143 1.0
PIW-2| 8,519 143 1.7% 69 0.8% 143 1.0
PIW-3| 8,549 144 1.7% 69 0.8% 143 1.0
TOTAL| 25,549 430 1.7% 206 0.8% 143 3.0
Overall Totals (Pre-Conditioning & Post-Bioaugmentation)
PIW-1| 12,492 209 1.7% 101 0.8% 208 1.0
PIW-2]| 12,675 211 1.7% 101 0.8% 203 1.0
PIW-3| 12,701 211 1.7% 101 0.8% 203 1.0
TOTAL| 37,868 631 1.7% 303 0.8% 208 3.0
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Appendix G — Quality Assurance and Quality Control
Procedures

G.1 Calibration Procedures, Quality Control Checks, and
Corrective Action

The purpose of this section is to provide a summary of the specific maintenance/calibration
procedures for all equipment related to the collection of data either in the field or through
laboratory analysis of samples during completion of the project.

G.1.1 Laboratory Equipment Calibration

Calibration procedures for laboratory instruments are found in each laboratory’s QA Manual.
Calibration for analyses performed by offsite laboratories were defined by the analytical
methods. Data reduction and validation for the laboratory data and for the final reporting were
described in the laboratory’s QA Manual.

G.1.2 Field Instrumentation
Field instrumentation was used to provide data concerning health and safety considerations and
as a method for field screening samples.

G.1.2.1 Photoionization Detector

Calibration of the instrument was performed with a factory supplied calibration kit according to
the manufacturer’s specifications. Calibration was performed daily as a part of routine
instrument maintenance, with a calibration record being maintained in the field manager’s
logbook.

G.1.2.2 HACH Kits

HACH Kkits were used to measure concentrations of specific parameters in the field. VVendor
instructions for use of these kits were followed and documented; kits were calibrated by the
vendor and do not require calibration by the user. This includes the operation of the HACH
DR2000 spectrometer.

G.1.2.3 Multi-parameter Water Quality Instrument

The mutli-parameter Water Quality Instrument is a specially designed vessel that allows
simultaneous measurement of water quality parameters as fresh flowing water is passed through
the cell. For this field work, the instrument was used to measure temperature, conductivity, pH,
redox potential (Eh), and DO. Calibration was performed in accordance with instrument
procedures requiring fresh calibration solutions. Instruments were rented for this demonstration
project, and were properly calibrated by the vendor. However, field calibration was performed
as necessary when parameter drift or malfunction was noted. Field calibration was recorded in
the field logbook.



G.2 Quality Assurance Sampling

G.2.1 Accuracy

For this demonstration, accuracy of laboratory results was assessed using the analytical results of
method-defined surrogates, laboratory control samples, matrix spikes, and calibration standards.
The percent recovery (%R) was calculated using the following equations:

A-B

%R = x100

where: A = Analyte concentration determined experimentally in the spiked sample;
B = Analyte concentration determined by a separate analysis of the unspiked sample; and,
C = concentration of spiked analyte.

The only parameters that required matrix spikes are the VOC samples sent to an offsite
laboratory. The accuracy goal for these samples was a percent recovery of 70-130%. The
accuracy goal for all field and trip blanks was no detections of analytes in these samples.

G.2.2 Precision

Precision was assessed by calculating the relative percent difference (RPD) between the field
duplicate samples. The RPD was calculated for each pair of duplicates using the following
equation:

S —

D
%RPD = —————
’ (S+D)/2

x100

where: S = First sample value
D = Second sample value (duplicate value)

The precision goal for this project for sample pairs whose values are both greater than 10X the
MDL limit was an RPD < 25%. For sample pairs that have one or both values less than 10X the
MDL, the precision goal was RPD < 50%. Sample pairs that have one or both values that are
less than the MDL did not have RPDs calculated.

G.2.3 Completeness
Completeness of data was assessed as the percentage amount of valid data compared to the total
amount of expected data using the following equation:

Valid Data Obtained 8
Total Data Planned

%Completeness = 100

The completeness goal for this project was 90% of all planned samples, as defined in the
Demonstration Plan. Completeness was tracked both for individual sampling rounds and
cumulatively over the course of the demonstration.



G.2.4 Representativeness

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population and parameter variations at a sampling point, a process condition,
or an environmental condition. Representativeness is a qualitative parameter that is dependent on
the proper design of the sampling program and proper laboratory protocol. The sampling
program was described in Section 3.7.6 of the Demonstration Plan.

Representativeness of the data was assessed by the Project Manager and the QA Coordinator
through review and comparison of the applicable data (field and laboratory duplicates, spikes,
blanks) and by verifying that the sampling and analysis plan/design set forth in the
Demonstration Plan was followed for all data generated during the project activities.

G.2.5 Comparability

Comparability expresses the confidence with which one data set can be compared with another.
The extent of comparability between existing and planned analytical data depends in part on the
similarity of sampling and analytical methods. The procedures used to obtain the planned
analytical data, as documented in the QAPP, were expected to provide comparable data for these
project activities.

G.3 Equipment Decontamination

Equipment decontamination was performed for all intrusive instruments that were not dedicated
equipment. Decontamination of drilling equipment, including steam cleaning, was performed
during well installation. Additionally, decontamination of field instruments that were not
dedicated to the wells was performed in between wells utilizing Alconox and distilled water.

G.4 Documentation of Sample Collection
All sample collection was documented as described in the QAPP. The following information, as
applicable, was recorded.

Custody and Document Control

Chain-of-custody from field to laboratory

Laboratory custody through designated laboratory-sample custodian
Sample designation number(s)

Identity of sampler

Date of sample collection, shipping, and laboratory analysis
Physical Data Elements

Sampling date and time

Sampling location and description

Sample collection technique

Field preparation techniques (e.g., filtering, sieving, compositing)
Visual classification of sample using an accepted classification system
A description of the sampling methodology used



Appendix H
Active Cell Concentration Trends
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Monitoring Data 2 © o o o § g g g %
Summary ° [} @ @ -5 < o IS} <) IS}
o < < < = o 3 8 ) 8 2 s %)
NAVFAC Naval 5 T S 4B oS ° > = S < 8 8 8 2 = 2
Weapons = s G 2 o 2 5 © ® c £ Q 3 o2 8Z 3 3 3 2 ] o
. . S 2 N o D] = c c © £ o} < = £ € = = = = 3 3 £
Station - Site 70 g S i 23 = g g £ s & £ S o E £ ¢ £< =T £ < & 5 g = €
Seal Beach, CA & £ 85 | 84 S i i s A Z @ G GAa ol &8 &2 & 5 o a S s S
Units:)]  pg/L ug/L ug/L Hg/L pg/L Ho/L pg/L Ho/L mg/L mg/L mg/L mg/L mg/L gene copies/L mV mg/L  pmhos/cm  mg/L
4/9/2008 -PP| 20U 2100 83 25 20U 5U 5U 5U 860 0.89 8700 1400 34 ND ND ND ND 7.38 115 2.87 17496 0
4/9/2008 - BP| 17U 1800 85 25 17U 5U 5U 5U NS NS NS NS NS NS NS NS NS
5/14/08| 4.7J 2000 140 49 10U 5U 5U 5U 910 0.94 8100 1200 26 ND NS NS NS 7.49 66.8 4.04 16072 0
5/14/2008 - K| 4.6J 1900 140 44 83U 5U 5U 5U 910 1.2 7900 1200 26 NS NS NS NS
9/3/08| 50U 8800 480 223 50U 5U 5U 5U 680 0.57 5200 1700 28 ND ND ND ND 6.18 212.6 4.19 1169 0
Ny 11/5/08 50U 8100 990 297 50U 5U 5U 5U 660 05U 5400 1800 32 ND ND ND ND 6.86 134.9 1.31 12010 NM
E 1/29/09 50U 7200 1200 30J 50U 5U 5U 5U 670 05U 6200 1900 38 2.56E+03 | 1.81E+03 ND 1.55E+03 6.79 -22.9 3.04 15450 0
< 2/24/09| 50U 38J 7000 2837 50U 5U 5U 6 950 05U 6200 2000 120 5.11E+05 | 1.54E+06 | 1.12E+05* | 4.49E+05 6.61 -92.5 0.68 13311 2.6
3/31/09 50U 120 6300 2773 320 5U 5U 11 980 1uU 7300 1800 68 2.09E+08 | 7.55E+08 | 1.17E+08 | 4.85E+07 6.64 -183.9 0.08 16260 2.7
4/29/09( 14 880 3000 223 1100 17 5U 6 900 1U 8100 1700 49 2.70E+08 | 8.06E+08 | 2.30E+08 | 1.60E+07 6.71 -50.7 1.49 16300 3.3
5/28/09| 3.4J 1400 2100 24 2000 16 5U 8 870 1U 8100 1700 44 4.08E+08 | 3.57E+08 | 8.70E+07 | 1.20E+07 6.58 -13.6 0.08 15920 0
6/23/09| 17U 1900 1200 25 2800 22 5U 8 790 1U 7800 1600 87 7.27E+07 | 1.30E+08 | 1.70E+07 | 1.40E+06 7.05 -110.9 1.88 15690 0
10/16/09) 17U 220 520 29 2000 660 5U 7 1400 0.5U 3700 1600 180 |540000000( 5.32E+08 | 6.50E+06 | 6.70E+06 5.24 -225.5 0.76 10980 >3.3
4/8/2008 -PP| 25U 3400 630 17J 25U 5U 5U 5U 780 05U 7400 2700 38 ND ND ND ND 6.92 442.6 1.15 18554 0
4/8/2008 - K| 31U 3500 630 12 31U 5U 5U 5U 780 05U 7400 2700 42 NS NS NS NS 0
4/9/2008 -BP| 31U 3300 630 16 J 31U 5U 5U 5U NS NS NS NS NS NS NS NS NS NM
5/14/08( 11J 10000 1400 413 217 5U 5U 13 790 0.25U 5000 2100 44 ND NS NS NS 6.7 -56.8 0.26 14500 0.125
9/3/08] 113 6900 4000 25] 31U 5U 5U 6 670 0.25U 2100 2000 78 ND ND ND ND 5.83 -197.9 1.95 8146 33
~ 11/5/08| 5.6J 1300 8400 21 35 5U 5U 6 660 0.25U 2600 2100 47 3.36E+03 | 2.36E+03 | 4.60E+02 ND 6.55 -58.5 0.66 9340 >3.3
= 1/29/09 71U 650 11000 26J 250 5U 5U 12 1400 05U 2900 2000 580 2.01E+06 | 6.16E+05 | 7.92E+04 | 1.59E+04 6.38 -159.5 0.56 11980 2.98
<§( 2/24/09 71U 97 9500 197 940 5U 5U 14 1100 05U 3400 2000 160 3.44E+08 | 8.72E+08 | 3.07E+08 | 2.10E+06 6.46 -214.2 1.31 9967 NM
3/31/09| 36U 230 5400 213 4300 5U 5U 5U 980 0.25U 3200 1700 61 4.05E+08 | 1.27E+09 | 4.71E+08 | 3.72E+06 6.55 -194.7 0.25 10710 >3.3
4/29/09( 213 540 1700 2773 6900 16 1J 15 1000 05U 3400 1900 63 3.17E+08 | 1.19E+09 | 4.60E+08 | 2.10E+05 6.47 -203.9 10.76 10750 33
5/28/09( 20J 210 780 2773 7500 27 1J 16 760 0.25U 2300 1600 42 3.61E+09 | 1.81E+09 | 6.40E+08 | 4.50E+05 6.34 -108 -0.06 7985 2.97
6/24/09| 50U 280 440 50 U 6400 33 1J 15 750 05U 2100 1500 49 9.09E+07 | 9.80E+07 | 1.70E+07 | 6.80E+04 6.8 -135.2 1.35 8015 >3.3
6/24/2009-K| 50U 290 430 123 6500 34 1J 15 740 05U 2100 1500 47 1.23E+08 | 1.60E+08 | 2.70E+07 | 1.30E+05
10/16/09) 25U 390 730 29 4200 140 1J 17 1900 0.03J 540 1500 400 6900000 | 6.54E+07 | 3.60E+06 | 4.50E+05 5.85 -318.2 1.43 7178 0
4/8/08( 10U 1200 32 10U 10U 5U 5U 20 560 0.21J 7900 4000 60 ND ND ND ND 6.95 195.7 0.78 22651 0
5/15/08] 3.5J 2800 440 16 J 9J 5U 5U 17 580 0.21J 7300 3600 60 ND NS NS NS 7.12 105.8 0.35 21781 0
- 9/3/08| 63U 8100 1700 20J 63U 5U 5U 6 730 05U 5900 2700 47 ND ND ND ND 6.77 170.9 3.86 1519 0
o 11/5/08) 50U 8000 1900 30J 50U 5U 5U 9 710 05U 6000 2900 57 ND ND ND ND 6.85 478.3 1.31 15530 0
é 1/29/09 50U 9100 1400 213 50U 5U 5U 10 650 05U 5200 2700 47 1.36E+04 | 2.79E+03 | 3.02E+02 | 3.15E+02 6.77 63.3 2.59 15310 0
™ 2/24/09| 50U 6000 2300 20J 210 5U 5U 11 630 05U 4000 2300 42 4.40E+06 | 1.40E+07 | 4.72E+06 | 9.55E+04 6.76 74.3 3.25 10911 0.95
= 3/31/09 31U 3900 3700 2773 2400 15 5U 12 870 05U 3700 2200 40 5.19E+05 | 2.06E+06 | 5.43E+05 | 2.62E+04 6.44 -17.9 0.63 12540 0
<§( 4/29/09| 31U 1200 2700 2337 3900 58 1J 16 980 05U 3700 2100 40 3.08E+05 | 1.18E+06 | 3.70E+05 | 6.00E+03 6.4 -31.8 1.58 11370 0.13
5/28/09( 31U 930 1500 32 7500 120 5U 16 930 05U 3300 1900 38 1.90E+06 | 1.26E+06 | 7.10E+05 | 4.10E+04 6.24 20.7 0.77 10140 0
6/24/09| 63U 580 690 30J 7000 200 1J 18 890 05U 3100 1800 44 2.80E+05 | 2.60E+05 | 3.30E+04 | 4.9E+03* 6.59 53.4 0.84 9798 0
10/16/09) 25U 63 150 26 3900 680 0.7J 7 1500 0.25U 1100 1700 420 48800000 | 3.55E+07 | 2.90E+06 | 5.20E+06 5.22 134 35 9137 0
- 11/6/08 50U 7700 1300 2337 50U 5U 5U 8 660 05U 4900 2500 40 ND ND ND ND 6.83 497.4 1.63 14250 0
2 @ 4/29/09 50U 780 6500 24 1900 13 5U 11 830 05U 3200 2000 51 1.66E+08 | 5.12E+08 | 2.20E+08 | 1.60E+06 6.44 -14.9 2.16 9682 33
<§( S 6/24/09| 50U 520 1400 237 5500 77 5U 13 700 05U 2500 1800 40 1.29E+08 | 1.20E+08 | 2.00E+07 | 1.60E+06 6.69 -31.8 1.58 9212 >3.3
10/16/09 3.3J 31 57 29 1500 1500 0.9J 9 1500 0.25U 170 1500 540 | 378000000| 2.98E+08 | 2.60E+06 | 6.00E+07 5.26 -111.9 2.79 7568 >3.3
™ o 11/6/08 71U 8900 780 18J 71U 5U 5U 13 530 05U 3700 2300 38 ND ND ND ND 6.78 80.6 1.39 13270 0.7
2 @ 4/29/09( 71U 130 11000 197 190 5U 1J 18 830 05U 2100 1600 59 1.82E+07 | 7.34E+07 | 2.60E+07 | 4.60E+05 6.38 -95.6 2.47 9428 33
<§( S 6/24/09| 42U 87 2000 213 5300 27 2 22 670 0.25U 1900 1600 44 2.07E+08 | 1.80E+08 | 3.50E+07 | 4.50E+05 6.68 -72.6 1.23 7396 2.28
10/16/09 42U 43 65 24 6000 59 1J 12 870 0.25U 1400 1600 41 39300000 [ 1.96E+07 | 2.90E+06 | 1.40E+05 5.19 -71.1 1.51 6537 >3.3
0 < 4/8/08| 1.3J 96 5.2 0.9J 25U 5U 5U 5U NS NS NS NS NS NS NS NS NS 7.2 144.3 0.78 29500 NM
z2
= o
<N
4/8/08( 13U 1800 86 79J 13U 5U 5U 21 560 0.14J 6300 3600 48 ND ND ND ND 6.86 161.5 0.54 18849 0.17
5/15/08| 6.6J 7000 1500 39 241 5U 5U 8 720 1U 4800 2500 120 ND NS NS NS 6.96 -56.4 0.29 14952 0.27
- 9/3/08| 50U 8100 1600 358 15J 5U 5U 7 720 05U 5200 2600 51 ND ND ND ND 6.45 224 36.76* 1359 3.16
© 11/6/08) 71U 8600 1300 291 71U 5U 5U 9 710 05U 5900 2800 47 2.07E+03 | 2.15E+03 | 4.00E+02 ND 6.84 -22.11 1.26 14850 3.1
,§ 1/29/09 6.7J 3000 7600 26 240 5U 5U 10 800 05U 4300 2500 55 7.70E+05 | 1.98E+05 | 2.50E+04 | 4.98E+04 6.75 -63.8 2.03 14560 2.18
< 2/24/09| 50U 310 6700 341 2900 15 5U 22 970 05U 3500 2300 85 4.46E+08 | 1.18E+09 | 3.72E+08 | 4.23E+07 6.35 -90.6 1.25 11132 2.6
;I 3/31/09| 50U 180 6500 321 3800 49 5U 12 950 0.25U 2500 1800 57 5.13E+08 | 1.68E+09 | 5.21E+08 | 2.41E+07 6.31 -113.3 0.96 9975 2.2
<§( 4/29/09| 36U 250 4100 358 5400 59 1J 14 860 05U 2300 1800 49 2.41E+08 | 7.80E+08 [ 2.90E+08 [ 9.10E+05 6.26 -134.6 3.66 8503 B3]
5/28/09( 36U 220 900 30J 9200 110 5U 19 830 0.18J 2100 1700 44 1.37E+08 | 6.86E+07 | 4.30E+07 | 3.00E+05 6.17 -95.9 0.15 7791 >3.3
6/24/09| 63U 150 380 26J 7000 110 1J 16 720 05U 2200 1700 49 7.48E+07 | 6.60E+07 | 1.10E+07 | 6.30E+05 6.65 -98.4 1.16 7784 3.07
10/16/09f 25U 63 150 26 3900 680 0.7J 7 1500 0.25U 1100 1700 420 48800000 | 3.55E+07 | 2.90E+06 | 5.20E+06 5.41 -256.1 1.38 6.698 >3.3
g 4/8/08 5U 610 8.8 241 5U 5U 5U 41 630 0.13J 6900 3200 44 ND ND ND ND 6.83 156.5 0.67 18399 0
5 11/6/08) 71U 10000 1700 71U 71U 5U 5U 10 580 0.25U 3300 2200 36 ND ND ND ND 6.69 -51.1 1.08 10440 1.42
:llr 4/29/09( 71U 81 5500 26J 8100 12 5U 12 790 0.25U 1800 1600 53 1.43E+09 | 5.69E+09 | 2.00E+09 | 1.40E+06 6.2 -88.9 2.61 7541 33
§ 6/24/09| 71U 44 62J 71U 7600 65 1J 14 650 0.25U 1700 1600 44 1.91E+08 | 1.60E+08 | 2.80E+07 | 3.60E+05 6.61 -66.5 1.08 6755 2.94
< 10/16/09 5.43 -245.6 1.26 6.084 >3.3
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Units:)]  pg/L ug/L pg/L Mg/l ug/L Mg/l ug/L Hg/L mg/L mg/L mg/L mg/L mg/L gene copies/L mV mg/L  pmhos/cm  mg/L
2 4/8/08| 10U 1200 49 4.1 10U 5U 5U 19 640 05U 7000 2900 38 ND ND ND ND 7 93 3.3 18109 0
s 11/6/08| 36U 7900 1100 24 36U 5U 5U 5U 600 0.25U 3300 2100 38 ND ND ND ND 6.78 -2.1 1.47 10310 0.37
:. 4/29/09| 50U 4200 7400 26J 2000 5U 5U 6 880 0.07J 2400 1800 40 1.08E+06 | 6.10E+06 | 2.50E+06 | 7.90E+02 6.26 14.5 1.5 7898 1.02
§ 6/24/09| 36U 1900 3400 223 4600 11 5U 8 800 05U 2100 1600 40 1.39E+07 | 1.50E+07 | 2.50E+06 | 1.20E+04 6.77 12.4 1.86 8306 0.94
< 10/16/09] 36 U 540 410 24 5200 47 0.4J 5 1100 0.25U 1300 1500 30 15000000 | 1.06E+07 | 1.30E+06 | 9.90E+04 5.05 -78.7 1.57 7090 0.25
¥ < 4/8/08 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 758 1415 1.17 24495 NM  |Well Dewatered
=2
= 0o
<N
4/9/08( 1.7J 710 14 4.2 5U 5U 5U 28 450 0.16 J 3600 2900 42 ND ND ND ND 6.97 -82.9 0.85 13510 0.24
5/15/08] 20U 2900 200 110 20U 5U 5U 19 490 1U 4300 3200 48 1.83E+02 | 4.10E+01 | 3.80E+01 ND 7.03 -112.2 0.31 15720 0
- 9/3/08| 1413 4600 560 13J 42U 5U 5U 10 580 05U 4700 3000 47 1.04E+05 | 2.43E+04 ND ND 6.09 14.9 5.51 1478 0
o 11/6/08] 25U 5200 650 18J 25U 5U 5U 14 590 05U 4900 3100 47 ND ND ND ND 6.9 19.6 0.98 14720 0
’\8‘ 1/29/09] 36U 6400 1500 197 36U 5U 5U 11 640 05U 4800 2900 51 2.26E+03 | 3.75E+02 | 2.39E+01 | 9.80E+01 6.83 -43.9 211 15340 0
0 2/24/09| 36U 5800 2800 223 57 5U 5U 17 730 05U 5200 2900 49 1.30E+05 | 3.97E+05 | 1.11E+05 | 2.04E+03*| 6.62 -93.2 1.27 13373 0
= 3/31/09| 36U 3000 4700 24 1200 8 5U 14 980 05U 4200 2400 36 3.16E+06 | 1.10E+07 | 3.50E+06 | 4.04E+04 6.42 -85.4 0.79 13140 0.06
E 4/29/09| 36U 2600 5500 29 3500 19 5U 17 1000 1U 4300 2300 44 3.63E+06 | 1.45E+07 | 5.90E+06 | 3.40E+03 6.41 -10.9 1.78 12130 0
5/28/09| 36U 1300 3100 35J 6100 61 5 18 1000 05U 3800 2100 59 3.54E+07 | 3.13E+07 | 5.50E+06 | 1.60E+05 6.25 10.2 0.13 10690 0
6/24/09| 36U 1100 1500 20J 6000 86 5U 19 940 05U 3600 1900 83 3.96E+06 | 4.45E+06 | 7.80E+05 | 1.20E+04 6.7 -27.8 1.1 10620 0
10/16/09) 36U 940 1400 273 5400 160 1J 15 870 05U 3700 2000 50 1.55E+03* ND 2.6E+01* ND 5.21 -104.5 1.54 10230 0
g 4/9/08| 2.1J 1100 21 427 8.3U 5U 5U 48 630 0.18J 7100 3100 40 ND ND ND ND 6.83 15.3 0.71 18118 0
s 11/6/08| 31U 5700 5200 55 18J 5U 5U 13 710 05U 3800 2300 42 ND ND ND ND 6.68 -20 1.23 12550 3.23
uN? 4/29/09| 36U 81 9000 287 5200 40 1J 15 820 05U 2000 1600 70 9.54E+08 | 3.81E+09 | 1.60E+09 | 3.10E+07 6.39 -90.1 2.01 8896 NM
§ 6/24/09| 50U 91 290 50 U 6900 63 5U 14 660 0.25U 1900 1500 55 3.90E+08 | 4.90E+08 | 8.60E+07 | 6.10E+06 6.74 -49.1 1.66 7485 3.18
< 10/16/09f 25U 27 54 25U 2600 950 0.3J 9 1400 0.25U 1200 1500 350 369000000| 2.54E+08 | 1.00E+07 | 7.20E+06 5.42 -184.2 1.02 6912 >3.3
L ™ 4/9/08 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 7.35 73.3 2.53 18656 NM Well Dewatered
g g 11/6/08 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 6.89 19.1 1.55 16080 NM Well Dewatered
< N 4/29/09( 36U 1900 4200 17J 170 5U 5U 3J NS NS NS NS NS NS NS NS NS 6.51 99.2 4 15420 NM Well dewatered
w0 < 4/9/08| 13U 170 7 1.3 13U 5U 5U 5U NS NS NS NS NS NS NS NS NS 7.46 87.1 1.17 21518 NM Well Dewatered
g g 11/6/08 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NA NA NA NA NM Well Dewatered
<N 4/29/09 NS NS NS NS NS NS NS NS NS NS NS NS 6.9 49.9 7.49 20180 NM Well Dewatered
4/9/08( 1000 U [ 140000 660 J 1000 U | 1000 U 5U 5U 40 600 0.35J 3300 2900 58 ND ND ND ND 6.65 111.8 1.04 12926 0
5/14/08 420U 150000 790 420 U 420 U 5U 5U 47 570 0.12J 3000 2200 42 ND NS NS NS 6.93 46.1 0.8 11.829 0
9/3/08| 1300 U | 190000 | 1300U | 1300U | 1300U 5U 5U 25 530 0.25U 3200 2200 55 209 ND ND ND 5.98 255.1 2.51 9607 0
9/3/2008 - K| 1300 U | 190000 450 J 1300 U | 1300 U 5U 5U 23 530 0.25U 3200 2200 51 ND ND ND ND
© 11/5/08| 1000 U | 120000 7107 1000 U | 1000 U 5U 5U 33 540 0.1U 3300 2200 47 ND ND ND ND 6.72 200.8 0.9 9811 0
;' 1/29/09| 1000 U | 160000 1200 1000 U | 1000 U 5U 5U 47 580 05U 3300 1900 51 ND ND ND ND 6.73 -35.2 1.49 10990 0
<§( 2/24/09| 1000 U | 130000 840J 1000 U | 1000 U 5U 5 62 520 05U 3700 2200 55 1.57E+04 ND ND ND 6.71 17.4 0.65 10332 0
3/31/09| 500 U 77000 840 500 U 500 U 5U 5U 52 630 0.26J 3700 2100 42 2.41E+03* | 1.34E+04 ND 8.26E+02* 6.86 -10.7 5.09 0.042 0
4/29/09| 500 U 70000 1100 500 U 500 U 5U 3J 57 630 0.56 J 4300 2400 49 ND 2.15E+02 ND ND 6.6 78.7 0.2 12650 0
5/28/09| 500 U 52000 1500 500 U 500 U 5U 2J 49 650 05U 4300 2500 55 1.52E+04 | 7.72E+03 | 4.20E+03 | 7.20E+02 6.48 6 0.12 12250 0
6/24/09| 420 U 53000 3600 420U 310J 5J 5U 28 720 1U 4600 2300 51 3.86E+03* | 1.8E+03* | 4.1E+02* ND 6.85 50 0.53 12990 0
10/16/09( 200U 30000 4900 200U 4100 15 0.3J 21 720 05U 3800 2000 63 ND ND ND ND 5.2 -33 2.29 10440 NM
4/8/08 201 10000 1900 44 48] 5U 8 140 560 0.14J 1600 1800 28 448 1.84E+02 | 1.40E+02 ND 6.71 225.5 128.1* 8060 0 Composite of AEW 1 & 2; DO out of range
5/14/08( 100 U 30000 2000 62J 271 5U 6 92 910 0.77 1500 1700 26 272 1.10E+02 | 4.00E+01 ND 7.07 140.6 1.42 8119 NM Extraction system running. Grab sample. Composite of AEW 1 & 2.
= 9/3/08 2017 9000 420 71U 71U 5U 5U 60 540 0.25U 1800 2100 34 3.06E+04 | 3.40E+03 | 2.08E+03 ND 5.43 204.3 3.83 7913 0 Only AEW2 running.
5 11/5/08 281 35000 1700 47 291 5U 6 100 570 0.25U 1500 1100 34 1.60E+04 ND ND ND NA NA NA NA NM
a—? 11/5/2008 - K| 86J 33000 2200 200U 200U 5U 6 100 560 0.1U 1800 2200 36 1.11E+05 | 1.10E+05 | 2.00E+04 ND
2 1/27/09| 200U 22000 930 200U 200U 5U 8 160 530 0.1U 1700 1800 34 2.17E+04 | 2.17E+04 | 2.75E+03 ND NA NA NA NA NM
$ 1/27/09 - K| 200U 23000 980 200U 200U 5U 6 120 550 0.1U 1700 1700 30 2.27E+04 | 1.91E+04 | 2.32E+03 ND
S 2/24/09( 200U 21000 1100 200U 200 U 5U 7 120 510 0.25U 1700 1700 30 2.36E+04 | 5.27E+04 | 2.06E+04 | 5.37E+02* 6.44 44.3 1.66 6806 0
é 2/24/2009 - K| 200U 27000 1500 200U 200U 5U 8 120 530 0.29 1800 1700 30 2.42E+04 | 9.65E+04 | 1.76E+04 ND
4; 3/31/09( 200U 22000 1000 200U 200U 5U 10 140 520 0.61 1700 1500 30 2.18E+03* | 6.48E+03 | 1.95E+03* | 5.00E+01* 6.68 -27.3 4.96 7267 0.01
g 3/31/2009 - K| 200 U 23000 1000 200U 200U 5U 10 140 510 0.63 1800 1500 34 7.60E+02* | 3.15E+03* | 7.77E+02* ND
2 4/28/09 3917 6500 330 110 13J 5U 5J 54 550 0.52 1800 1600 30 ND ND ND ND 6.45 140.5 2.86 7136 0
] 4/28/09-K| 200U 21000 950 200U 200U 5U 5 67 550 0.41 1900 1700 32 ND ND ND ND
% 5/28/09 50U 9000 730 i3 Jl 20J 5U 13 150 550 0.48 1800 1600 19 1.19E+04 | 3.88E+03 | 2.70E+03 ND 6.48 24.2 3.01 6762 0
= 5/28/2009-K| 100 U 17000 1500 100 U 23] 5U 5J 59 560 0.63 1800 1500 23 8.23E+03 | 3.84E+03 | 3.10E+03 ND
E 6/24/09| 50U 8000 920 17 23] 5U 5 50 520 0.62 1800 1500 61 2.79E+02* | 4.10E+02 | 5.3E+01* ND 6.86 15.6 1.92 6646 0.25
< 6/24/09-K[ 170U 16000 1900 170 U 43J 5U 13 130 530 0.72 1700 1400 68 ND 1.2E+02* | 5.8E+01* ND
10/15/09| 50U 16000 2100 35J 510 2] 5 72 560 0.24] 2000 1600 35 6.82E+03 | 2.73E+03* [ 4.6E+02* | 2.0E+01* 5.54 16.7 3.73 6352 0
10/15/2009-K| 170U 15000 2200 42 510 2J 5 70 550 0.27 1700 1400 35 3.71E+03* [ 1.39E+03* | 2.8E+02* | 3.7E+01*

Notes:
K - Duplicate sample
J - estimated value

U - nondetect (detection limit is indicated)

NA - not analyzed
ND - not detected
NS - not sampled

* - indicates that the value presented is below the reporting limit.

pmhos/cm - micromhos per centimeter
Hg/L - mcrograms per liter
mg/L - milligrams per liter

mV - millivolts

ORP - oxidation reduction potential

DO - dissolved
> - greater than

oxygen

NM - not measured




February 2009 TCE (ppb)  8"°C cDCE 5°C VC 5%C Ethene  5°Ceth 2-butanone chloroform chlor/DCE

SB-AEW 21000 24.3 1100 -26.8
SB-AMW1-25' 27000 7000 -24.6

SB-AMW2-25' 97 9500 22,9 940 -43.0 75 0.01
SB-AMW3-Z1 6000 -24.5 2300 -24.5 210 55 0.02
SB-AMW4-Z1 310 -17.9 6700 -36.5 2900 59

SB-AMWS5-Z1 5800 -23.7 2800 -25.0 57 100 0.04
SB-AMW6-25' 130000 -23.9 317 285

SB-PIW1-25' 42 4 -27.0 120 32.43
SB-PIW2-25' 12 -26.1 3 -27.9 23 110 3 1.00
SB-PIW3-25' 2 235 1 25.4 5 160

SB-PMW1-25' 1700 -28.0 79 74 0.94
SB-PMW2-25' 1800 43

SB-PMW3-Z1 41000 233

SB-PMW4-Z1 41000 233

SB-PMW5-Z1 40000 -24.6

SB-PMW6-25' 2100 233 800 -19.2 54 280 0.35
SB-PMW7-25' 6500 690
SB-PMW8-25' 1100 -20.0 4500 -25.2 30 0.01
SB-PMW9-25' 96 -22.6 6

Average of all -23.5 -26.4 -35.8

AEW/AMW Ave 22.9 27.4 -35.8

PIW/PMW Ave -23.9 -24.9

April 2009 TCE (ppb)  3°C cDCE 5c VC 5c Ethene 5" Ceth 2-butanone chloroform chlor/DCE
SB-AEW 6500 22.7 330 -24.9

SB-AMW1-25' 880 22.2 3000 -15.4 1100 -35.4 17

SB-AMW2-25' 540 9.9 1700 6900 -30.2 16

SB-AMW3-Z1 1200 22,5 2700 -15.9 3900 26.2 58

SB-AMW3-Z2 780 -22.6 6500 -13.9 1900 -40.2 13 99 0.02
SB-AMW3-Z3 130 11000 190 -47.0

SB-AMW4-Z1 250 -16.8 4100 9.6 5400 -32.5 14

SB-AMW4-22 81 5500 6.0 8100 -33.0 12

SB-AMW4-23 4200 219 7400 -19.4 2000 -37.8

SB-AMWS5-Z1 2600 215 5500 -19.3 3500 -31.8 19 72 0.01
SB-AMWS5-Z2 81 9000 -11.7 5200 -40.0 40

SB-AMWS5-Z3 1900 215 4200 -21.8 170 -39.9 77 0.02
SB-AMW6-25' 70000 -22.9 1100 -25.1 120 0.11
SB-PIW1-25' 26 23 4 -17.2 11 0.48
SB-PIW2-25' 44 23.1 6 180

SB-PIW3-25' 1 6 -28.0 170

SB-PMW1-25' 1400 -28.3 65 58 0.89
SB-PMW2-25' 280 217 7 140 21.54
SB-PMW3-Z1 45000 -21.9 260 48 0.18
SB-PMW4-Z1 42000 -22.0 520 220 0.42
SB-PMW4-Z3 3400 -23.4 41 5600 136.59
SB-PMW4-Z4 7900 235 57 3300 57.89
SB-PMW5-Z1 44000 -24.1 130
SB-PMWS5-22 7100 -24.0 56 2900 51.79
SB-PMW5-Z3 6900 235 67 3800 56.72
SB-PMW6-25' 740 -17.9 360 410 22.4 310 -27.5 42 230 0.64
SB-PMW7-25' 5800 -22.0 1700 -23.8 260 570 0.34
SB-PMW8-25' 1500 -15.5 470 95 420 -14.4 330 29.7 56 0.12
SB-PMW9-25' 110 -22.0 270 -22.8 11.0 -15.9

Average of all -21.6 -17.1 -31.6

AEW/AMW Ave -20.5 -16.6 -35.8

PIW/PMW Ave -22.4 -18.7 -20.2 -24.8



June 2009 TCE (ppb)  8"°C cDCE 5°C VC 5%C Ethene  5°Ceth 2-butanone chloroform chlor/DCE
SB-AEW 8000 24.4 920 -25.6 37.2

SB-AEW K 16000 -23.9 1900 -23.0

SB-AMW1-25' 1900 232 1200 -145 2800 -27.8 22
SB-AMW2-25' 280 5.2 440 6.8 6400 -26.8 33
SB-AMW2-25'K 290 -4.3 430 6.6 6500 -26.1 34
SB-AMW3-Z1 580 219 690 -14.7 7000 229 200
SB-AMW3-Z2 520 -20.0 1400 117 5500 -26.4 77
SB-AMW3-Z3 87 -18.6 2000 8.2 5300 -26.9 27
SB-AMW4-Z1 150 -18.2 380 -4.8 7000 -26.9 110
SB-AMW4-Z2 7600 -26.3 65
SB-AMW4-Z3 1900 222 3400 -16.4 4600 27.4 11
SB-AMWS5-Z1 1100 223 1500 -15.5 6000 -25.2 86
SB-AMWS5-Z2 91 8.6 290 4.0 6900 -27.0 63
SB-AMW6-25' 53000 235 3600 -19.8 -27.3

SB-PIW1-25' 13 9 19 -19.3 -12.6
SB-PIW2-25' 17 3 8

SB-PIW3-25' 54 2 4

SB-PMW1-25' 1400 -28.0 69 -30.5 6
SB-PMW2-25' 4400 234

SB-PMW3-Z1 47000 243

SB-PMW3-22 1400 241 11

SB-PMW4-Z1 30000 233 4500 -25.2

SB-PMW4-Z3 2000 242 22

SB-PMW4-Z4 6700 243 59

SB-PMWS5-Z1 39000 -24.6 380

SB-PMWS5-Z2 4600 -23.9 69

SB-PMWS5-Z3 5600 -24.6 53

SB-PMW6-25' 790 -16.2 460 -20.5 120 -18.5 190 -21.0
SB-PMW6-25'K 910 -16.9 490 -20.3 130 -20.6 170 217
SB-PMW?7-25' 190 8.7 96 13 590 -18.3 28 -34.1
SB-PMW8-25' 710 -12.6 180 7.3 250 -8.8 350 -26.5
SB-PMW9-25' 19 -18.8 19 37 -4.2 110 -23.4
Average of all -19.8 -12.6 -23.4 -23.2
AEW/AMW Ave -18.2 -10.5 272

PIW/PMW Ave 212 -17.1 -15.0 232
October 2009 TCE (ppb)  3°C cDCE 5C VvC 5C Ethene  5°Ceth 2-butanone chloroform chlor/DCE
SB-AEW 242 -19.8 -30.0

SB-AMW1-25' -20.6 -18.2 -19.6 -44.2
SB-AMW2-25' 6.9 212 245

SB-AMW3-Z1 214

SB-AMW3-Z2

SB-AMW3-Z3 -23.6 -28.7
SB-AMW4-Z1 -20.5 -40.4
SB-AMW4-Z2 -20.3

SB-AMW4-Z3 221

SB-AMWS5-Z1 -23.4 -185 -23.8 -48.7
SB-AMWS5-Z2

SB-AMWS5-Z3

SB-AMW6-25' -23.9 -17.1 275

SB-PIW1-25' -22.9 -21.8

SB-PIW2-25' 427
SB-PIW3-25' -45.8
SB-PIW3-25' K -53.6
SB-PMW1-25' -28.2

SB-PMW?2-25' 235

SB-PMW3-Z1 -24.4

SB-PMW3-22 232

SB-PMW3-Z3 -24.4

SB-PMW4-Z1 233 -22.8

SB-PMW4-Z3 243

SB-PMW4-Z4 247

SB-PMW5-Z1 233 222 -43.3

SB-PMW5-Z1 K 235 231 -42.4

SB-PMW5-Z2 -23.1

SB-PMW5-Z3 232

SB-PMW6-25' -17.7 -18.4 -19.8 -43.3
SB-PMW?7-25'

SB-PMW8-25' -19.2 -36.2
SB-PMW9-25' -40.3
Average of all -22.4 -20.3 -26.1 -42.4
AEW/AMW Ave -19.8 -19.0 233 -40.5
PIW/PMW Ave 233 217 -35.2 437
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AEW-25, DHC_Act_Seal Beach_Oct 2009.xls
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW?1-25, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW?2-25, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW3-Z1, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW3-Z2, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW3-Z3, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMWA4-Z1, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW4-72, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMW4-Z3, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMWS5-Z1, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMWS5-Z2, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMWS5-Z3, CSIA_charts.xIsx
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Recirculation system was shut off between 9/2/2008 and 1/6/2009. AMWG6-25, CSIA_charts.xlsx
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Passive Cell Concentration Trends
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Units: ug/L pg/L ug/L pg/L Hg/L po/L | pg/L | pg/L | mg/L mg/L mg/L | mg/L mg/L gene copies/L mV mg/L mg/L
4/23/08 33 28 3.1 15U 15U 5U | 100 | 2300 | 1900 | 0.04J | 1600 | 350 18 ND NS NS NS 7.39 | 190.9 | 0.65 | 6562 0
9/5/08 49 85 5.9 0.7 0.2J 5U 57 | 1300 | 1600 | 0.25U | 2200 | 520 170 ND ND ND ND 7.41 | -26.8 | 0.68 6597 0
10/16/08 51 71 4.6 04J 0.5U 5U [ 47 | 1200 | 1600 | 0.25U | 2200 | 530 47 NS NS NS NS 7.09 | -59.8 | 1.18 | 7589 0.03
11/3/08 38 54 3.6 1U 1U 5U | 5U 94 1600 | 0.25U | 2200 | 530 99 ND ND ND ND 7.37 | -190.2 | 0.61 6903 0.02
. 1/28/09 33 35 4.2 1U 9.4 5U [ 56 | 2600 [ 1500 | 0.25U | 2700 | 590 28 1.15E+07 | 5.51E+06 ND 1.56E+06 | 7.27 | -67.6 | 2.36 | 8929 0.12
;' 2/23/09 26 42 3.7 0.2J 0.6J 5U | 96 | 2800 | 1600 | 0.25U | 2700 | 600 28 2.75E+07 | 8.15E+07 ND 1.38E+07 | 7.29 | -220.8 | 1.08 7590 0
T 3/30/09- 25 ft 21 48 10 0.3J 0.7 5U [ 120 | 3500 | 1600 | 0.1 U | 2500 | 530 28 7.83E+07 | 3.30E+08 ND 2.42E+07 | 7.2 |-183.6 | 3.31 | 8287 0.49
3/30/09- 35 ft NS NS NS NS NS NS | NS NS NS NS NS NS 30 NS NS NS NS 7.09 | -272.1 | 2.01 8295 0.61
4/27/09 11 26 23 0.3J 4.3 10 U | 140 (4000 b| 1700 | 0.1 U | 2300 | 490 25 5.55E+07 | 2.63E+08 ND 1.05E+07 | 7.24 | -280.4 | 16.29 | 7467 0.5
5/28/09 7.7 17 16 0.3J 11 10U|[ 94 | 5300 | 1700 | 0.25U | 2100 [ 430 32 2.99E+06 | 1.69E+06 | 2.50E+03 | 3.00E+05 | 7.33 -229 1.24 6709 0.1
6/23/09 5.7 13 8.8 0.3J 19 2J | 59 | 7300 | 1600 | 0.25U | 1900 | 400 44 5.70E+06 | 1.00E+07 ND 1.20E+06 | 7.48 | -310.3 | 0.24 | 6757 0
10/15/09 4.1 8.5 2.7 0.4J 12 4J 6 9500 | 1600 | 0.25U | 2100 | 460 46 2.92E+05 [ 1.48E+05 ND 2.10E+04 [ 7.3 [ -288.3 | 0.59 6483 0
4/22/08[ 100U 20000 733 100U 100 U 5U 8 230 | 600 | 0.13J | 3900 | 3600 71 ND NS NS NS 6.68 | 403.6 | 1.17 | 15280 0
9/2/08 221 6100 72 42U 42U 5U ]| 5U 74 1400 | 0.25U | 3300 | 2300 | 1700 ND ND ND ND 5.99 | -256.8 | 2.02 1166 0
10/15/08 6.3J 4100 53 13J 25U 5U [ 5U | 62 [ 1900 | 0.25U | 3000 | 1900 | 1900 NS NS NS NS 6.25 | -168.3 | 0.78 | 12740 >3.3
11/3/08 0.5J 240 3.9 0.7J 13U 5U ]| 5U 6 3100 | 0.1 U 600 210 4900 ND ND ND ND 6.73 | -236.1 | 0.43 6160 2.92
o 1/27/09 13U 2.3 0.7J 0.41J 19 17 [ 5U | 690 | 5000 | 0.1U | 1700 (| 510 8900 | 2.15E+08 | 3.74E+08 ND 5.49E+07 | 6.36 | -208.9 | 0.57 | 12.69 >3.3
= 2/23/09 041 12 2.5 1U 23 5U | 5U | 1600 | 5300 | 0.1 U 990 490 8300 | 2.30E+09 | 6.98E+09 ND 1.69E+09 | 6.64 | -345.9 | 0.57 | 10320 0
o 3/30/09 0.5J 41 55 1U 10 5U | 5U | 1800 | 4400 | 0.5U | 1400 | 700 4100 | 6.81E+08 | 2.76E+09 ND 2.24E+08 | 6.7 | -363.2| 2.3 11540 0
4/27/09 1U 44 5.6 1U 6 10U (10U | 2900 | 4400 | 0.1U | 1100 [ 570 3800 | 8.63E+08 | 3.64E+09 ND 1.14E+08 | 6.83 | -372.1 | 20.71 | 9539 NM
5/27/09 13U 22 815 13U 9.5 3J | 5U | 3200 | 5600 | 0.25U | 1000 | 490 | 7200 | 1.21E+09 | 1.05E+09 ND 1.70E+08 | 6.34 | -356.2 | 46.31 [ 10940 0
6/22/09 05U 17 2.9 0.2J 7.7 2J | 5U | 1800 | 6000 [ 0.25U | 1000 | 480 8600 | 2.65E+08 | 1.60E+09 ND 3.40E+07 | 6.69 | -351.8 1 12000 0
10/15/09 1U 11 2.8 0.3J 8.7 4J | 5U | 6300 | 2800 | 0.1 U | 930 | 490 920 | 2.48E+07 [ 1.63E+07 ND 1.90E+06 | 5.45 | -344.7 | 0.83 | 6449 0
4/23/08 17U 11000 82 753 17U 5U 10 150 620 0.5U | 3100 | 1800 30 ND NS NS NS 6.57 | 101.6 | 0.57 | 10219 0
9/5/08 83U 11000 92 83U 83U 5U 8 170 | 800 | 0.25U | 2700 | 1500 [ 390 ND ND ND ND 5.82 [ -139.2 | 1.05 | 7748 3.03
10/15/08 31U 12000 85 8.8J 31U 5U 7 140 | 1200 | 0.25U | 2100 | 1500 740 NS NS NS NS 6.44 | -290.1 | 0.7 8362 >3.3
11/3/08 2U 270 260 2U 2U 5U | 5U 14 3300 | 0.1U 15 89 5700 ND ND ND ND 6.64 | -249.3 | 0.68 6052 >3.3
1/27/09 05U 1.4 1.1 0.3J 30 24 [ 5U | 2500 | 4800 | 0.1 U 8.9 65 8900 | 1.91E+09 | 9.89E+08 ND 4.37E+08 | 6.33 | -209.2 0.5 9334 3.13
o 1/27/2009-K 1.3U 1.4 0.5J 13U 25 26 | 5U | 2300 | 4800 | 0.1 U 11 67 10000 | 3.12E+09 | 1.80E+09 ND 8.19E+08
;' 2/23/09 1.3U 2.1 1.4 1.3U 4.7 5 5U | 3100 | 5300 | 0.1U 1U 14 12000 | 1.52E+09 | 5.27E+09 ND 1.17E+09 | 6.35 | -211.7 | 2.43 8363 3.05
T 3/30/09 13U 6.5 24 13U 4.2 5U [ 5U | 3900 [ 2800 | 0.1U [0.77J| 190 | 4800 | 3.45E+08 | 1.17E+09 ND 8.20E+07 | 6.25 | -292.4 | 2.01 | 4889 >3.3
4/27/09 13U 1.2J 1.3 13U 6.1 25U | 25U | 4600 [ 3600 [ 0.1U |0.14J| 68 5900 | 1.11E+09 | 5.09E+09 ND 1.52E+08 | 6.32 | -280.3 | 4.72 7098 3.3
4/27/09-K 13U 1.0J 1.3 13U 5 25U | 25U | 4200 | 3500 | 0.1U |0.12J| 70 5900 | 1.36E+09 | 6.06E+09 ND 1.71E+08
5/27/09 05U 3.4 7.1 0.3J 11 35 4J | 2900 | 4300 | 0.05U [ 2.2 98 7300 | 2.89E+08 [ 1.69E+08 ND 3.90E+07 | 6.2 [ -251.6 | 11.66 | 6934 3.15
6/22/09 0.5U 5.4 2.2 0.2J 3.8 6 [5U | 2700 | 7000 | 0.1U | 81 100 | 14000 | 5.29E+07 | 7.40E+07 ND 8.60E+06 | 6.53 [ -202.3 | 0.73 | 11030 2.98
10/13/09 05U 0.7 2.7 0417 4.2 19 3J |10000| 2700 | 0.05U | 0.61 130 2100 | 1.48E+07 | 5.45E+07 ND 1.90E+06 | 6.82 | -94.3 | 0.65 4477 >3.3
10/13/2009-K 0.5U 1 34 0.5 5.2 18 | 2J [10000| 2700 | 0.05U | 2.3 130 | 2100 | 1.81E+07 [ 1.16E+07 ND 2.50E+06
4/23/08 18 1100 48 6.5J 10U 5U ]| 5U 35 1400 [ 0.53 | 3800 | 1000 24 ND NS NS NS 6.9 161.1 | 0.45 | 10673 0
4/23/2008 - K 19 1200 49 6.4 8.3U 5U|5U | 37 | 1400 | 0.51 | 3800 | 1000 28 NS NS NS NS 0
9/5/08 15 2000 66 8.8J 10U 5U ]| 5U 29 890 0.7 4300 | 1400 32 ND 1.03E+01 ND ND 6.45 | 146.2 0.6 9118 0
10/16/08 13 1800 55 9.8 31U 5U(5U | 27 880 | 0.52 | 4300 | 1300 23 NS NS NS NS 6.45 | 102.7 | 1.2 | 10630 0
- 11/4/08 110 1600 64 10J 17U 5U ]| 5U 14 880 0.72 | 4700 | 1400 25 ND ND ND ND 6.69 | 159.8 | 0.83 9533 0
;' 1/28/09 9.9J 1500 54 9.3J 10U 5U | 5U 31 850 0.67 | 4800 | 1300 28 3.48E+02 | 4.88E+01 ND 7.16E+01 | 6.66 | -19.7 | 2.41 | 11560 0
E 2/23/09 11 1700 79 14 10U 5U 12 320 870 0.76 | 5100 | 1400 25 ND ND 3.77E+02 ND 6.64 -266 1.05 | 10439 NM
3/30/09 10J 1400 64 12 13U 5U 6 150 | 880 | 0.66 | 4600 | 1300 23 1.58E+03 | 6.28E+03 ND 4.18E+02 | 6.55 | -85.9 [ 2.77 | 10900 0
4/28/09 13 1400 65 9.4 10U 5U 7 140 850 0.4J | 4400 [ 1200 30 1.33E+02 | 7.17E+02 ND 4.90E+01 | 6.57 91.6 0.58 | 10280 NM
5/28/09 12 1500 76 9.6J 10U 5U 8 160 870 0.4J | 4300 | 1100 17 6.46E+01 | 2.67E+02 ND 1.40E+02 | 6.44 -4.7 0.72 9504 0.02
6/23/09 7.1 1400 69 8.9J 13U 5U ]| 5J 85 830 1U 4300 | 1100 57 8.83E+02* | 8.50E+02 ND 1.5E+02* | 6.9 | -185.4 | 0.39 9596 0
10/15/09 6.2J 1600 67 12 10U 5U [ 27 22 910 [ 0.85 [ 4900 | 1300 61 1.41E+02* ND 1.3E+01* | 2.8E+01* | 6.68 | -36.2 | 0.83 [ 10190 0
4/22/08 110 2600 61 18J 25U 5U | 5U 15 1100 | 0.11J | 3400 | 1400 28 ND NS NS NS 6.94 | 483.9 | 1.01 | 10928 0
9/5/08 20 3400 74 16J 20U 5U(5U | 39 900 | 0.5U | 5400 | 2200 42 ND ND ND ND 6.66 | 85.2 0.3 1194 0
10/16/08 15 2900 64 13 5U 5U ]| 5U 60 1100 | 0.25 U | 4400 | 1800 58 NS NS NS NS 6.77 | -63.1 | 1.65 | 10610 1.01
11/4/08 15J 2600 64 10J 25U 5U( 5U 7 1000 [ 0.5U | 5000 | 2200 120 ND ND ND ND 7.07 | -74.4 | 2.67 | 10870 2.19
11/4/2008 - K 19 3000 65 15 10U 5U ]| 5U 71 970 0.5U | 5100 | 2300 110 ND ND ND ND
N 1/28/09 13J 2300 41 793 17U 5U | 5U 59 1200 | 0.25U | 2700 | 1200 36 ND ND ND ND 7.6 -499 | 1.73 4312 0.53
§ 2/23/09 16J 1800 43 7.33J 17U 5U ]| 5U 70 200 | 0.05U | 550 240 53 ND ND ND ND 7.49 | -155.9 | 0.87 5265 2.72
o 3/30/09 1.9 88 7.8 0.4 05U 5U | 5U 5U | 1500 | 0.05J | 390 51 13 2.23E+03 | 1.07E+04 ND 7.23E+02 8 -110.6 | 6.14 3495 0.01
4/28/09 3.8 280 6.5 0.5J 1U 5U ]| 5U 5J 1500 | 0.1 U 440 87 19 1.06E+02 | 1.12E+03 ND 4.21E+01 | 8.25 36.9 1.46 3339 0
4/28/09-K 3.3 370 9.1 0.91J 25U 5U | 5U 12 1699 [ 0.1U | 1000 | 460 84 ND ND ND ND
5/28/09 13 1600 8.5 2.9 25U 5U | 5U | 480 | 1600 | 0.1 U 420 63 11 4.16E+03 | 2.10E+03 | 1.40E+03 | 6.10E+01 | 7.23 | -93.8 | 0.83 3353 0
6/23/09 30J 4400 14 J 42 U 42 U 5U | 5J | 3900 | 1800 | 0.05U | 400 72 25 ND 2.9E+02* ND 6.9E+01* | 6.79 58 0.46 3594 0.97
10/15/09 18 J 2200 157 25U 25U 1J 2J [ 3200 [ 2000 | 0.1U 690 190 410 ND ND ND ND 6.7 | -121.6 | 0.33 3310 1.13
4/23/08[ 100U 49000 68 J 100 U 100 U 5U 7 220 [ 360 | 0.03J | 2000 | 2500 64 1.10E+03 | 8.60E+03 ND ND 6.61 | 354.8 | 1.05 | 10070 0
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Units: ug/L ug/L ug/L ug/L Hg/L po/L | pg/L | pg/L | mg/L mg/L mg/L | mg/L mg/L gene copies/L mV mg/L mg/L
9/2/08 360 U 61000 110J 360 U 360 U 5U 5 170 360 | 0.25U | 2000 | 2600 53 ND ND ND ND 6.31 | 1914 6.3 9122 0
. 10/16/08 170 U 56000 90J 170 U 170 U 5U 7 200 370 | 0.25U | 1900 | 2500 95 NS NS NS NS 6.35 15.1 2.17 9690 1.25
o 11/3/08 310U 61000 310U 310U 310U 5U 7 220 430 | 0.25U | 2100 | 2600 170 ND ND ND ND 6.51 | -88.6 | 0.72 9050 1.92
E 1/27/09 360 U 46000 160 J 360 U 360 U 5U 9 240 600 | 0.1U | 1900 | 1800 230 1.49E+07 | 6.28E+06 ND 452E+06 | 6.53 | -200 1.13 9777 2.56
™ 2/23/09 360 U 41000 170J 360 U 360 U 5U | 12 330 680 | 0.25U | 1900 | 2300 290 3.03E+08 | 9.76E+08 ND 2.18E+08 | 6.47 -153 1.8 8384 >3.3
;' 3/30/09 20J 44000 150 8.7J 25U 5U 6 160 590 | 0.25U | 1900 | 2400 170 5.84E+07 | 2.36E+08 ND 2.20E+07 | 6.26 | -183.6 | 7.49 9589 2.67
E 4/28/09 360 U 45000 260 J 360 U 360 U 1J 7 180 500 | 0.1U | 2000 | 2600 150 8.04E+06 | 4.17E+07 ND 1.55E+06 | 6.38 | -97.8 | 1.14 9089 3.3
5/27/09 310U 50000 230J 310U 310U 1J 7 200 450 | 0.25U | 2000 | 2700 74 1.47E+07 | 9.38E+06 ND 2.80E+06 | 6.24 | -112 4.8 9282 3.26
6/22/09 310U 47000 190J 310U 310U 5U 6 190 410 | 0.25U | 2000 | 2600 290 3.71E+06 | 5.20E+06 ND 8.20E+05 | 6.71 | -196.7 | 0.79 9432 2.86
10/15/09 310U 50000 110J 310U 310U 2] 6 240 360 | 0.5U | 2000 | 2700 76 1.71E+06 | 4.22E+05 ND 1.80E+05 | 6.47 | -21.6 | 0.84 8876 >3.3
\qc\,; 4/23/08 19J 4700 90 20J 42 U 5U]| 5U 81 730 | 0.04J | 4200 | 2500 67 ND NS NS NS 6.63 | 208.7 | 0.79 | 13923 0
N 11/3/08 7.5 3100 69 16 71U 5U]| 5U 86 650 | 0.1U | 3800 | 1700 30 ND ND ND ND 6.68 | -23.9 1.5 9867 0.18
™ 4/28/09 10 1300 17 4.7 ] 10U 5U | 2J 70 4000 | 0.1U | 1800 | 660 3100 | 2.23E+05 | 1.58E+06 ND 6.50E+04 | 6.27 | -205.4 | 11.92 | 9727 3.3
g 6/22/09 9.3J 1400 11 2.7 3.1J 5U | 3J 230 | 4100 | 0.25U | 1000 | 680 4000 | 3.78E+05 | 8.90E+05 ND 1.80E+05 | 6.56 | -296.5 | 0.63 8791 >3.3
o 10/15/09 15J 3600 53 11 25U 0.3J| 5J 550 | 2100 | 0.5U | 2600 | 2000 | 1300 | 6.53E+04 | 1.44E+05 ND 8.4E+03* | 6.25 -78 0.78 | 10460 >3.3
chj 4/24/08 20 5400 74 24 31U 5U | 5U | 160 750 | 0.5U | 3900 | 3400 100 ND NS NS NS 6.68 | 117.8 0.9 13706 0
N 11/3/08 16 4800 51 12 13U 5U | 5U 98 880 | 0.5U | 4400 | 3100 68 ND ND ND ND 6.76 -3.2 1.81 | 13140 1.18
©® 4/28/09 43 4400 327 42 U 42 U 5U (| 43 150 | 1700 | 0.2 U | 5900 | 2600 890 ND ND ND ND 6.46 | -216.4 | 5.98 [ 15.53 2.5
g 6/22/09 29 2900 18 J 20U 20U 5U | 1J 76 3000 1U 5800 | 1600 [ 3000 ND ND ND ND 6.75 | -294.1 | 0.51 | 15410 2.76
o 10/15/09 20J 2300 42 U 42 U 42 U 5U [09J] 71 3100 1U 5800 | 1100 | 2300 | 2.92E+02*| 1.54E+02* | 2.6E+01* | 7.0E+01* | 6.57 | -103.2 | 1.09 | 13680 >3.3
™ < 4/24/08 17U 1600 10J 17U 17U 5U( 5U 88 NS NS NS NS NS NS NS NS NS 7.47 | -38.7 | 3.68 | 14267 0
=0
S5
o N
4/24/08 630 U 63000 630 U 630 U 630 U 5U 7 180 350 | 0.09J | 2000 | 2500 58 ND NS NS NS 6.82 14.7 0.39 9571 0
4/24/2008 - K 500 U 61000 500 U 500 U 500 U 5U 7 180 300 | 0.08J | 2000 [ 2500 58 NS NS NS NS
9/2/08 420 U 63000 160 J 420U 420U 5U 9 240 380 | 0.25U | 2000 | 2200 44 ND ND ND ND 6.5 166.8 | 4.07 8224 0
— 10/16/08 71U 56000 76 71U 71U 5U | 11 280 400 | 0.25U | 2000 | 2100 70 NS NS NS NS 6.38 54 2.17 8577 0.09
% 11/4/08 360 U 50000 310J 360 U 360 U 5U | 11 290 410 | 0.25U | 2000 | 2100 74 ND ND ND ND 6.6 52.3 1.03 7992 0.62
N 1/27/09 360 U 51000 360 U 360 U 360 U 5U 9 230 460 | 0.1U | 2000 | 2000 99 6.95E+07 | 4.09E+07 ND 2.73E+07 | 6.52 | -35.4 | 1.54 8982 2.8
3 2/23/09 360 U 41000 170J 360 U 360 U 5U | 13 310 530 | 0.25U | 2000 | 2000 140 1.67E+08 | 5.29E+08 ND 1.47E+08 | 6.54 | -215.9 | 1.39 7726 2.31
% 3/30/09 360 U 45000 140J 360 U 360 U 5U 8 180 540 | 0.25U | 1900 | 1900 140 9.13E+07 | 2.83E+08 ND 2.62E+07 | 6.27 | -173.4 | 8.99 8547 2.4
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Station - Site 70 2 = 25 Sa S o | T Z 2 3 S IS88 8.8 2.8 2.3 g .9 I Q S 3 o
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Units: ug/L pg/L ug/L pg/L Hg/L po/L | pg/L | pg/L | mg/L mg/L mg/L | mg/L mg/L gene copies/L mV mg/L mg/L
o 4/28/09 360 U 42000 170J 360 U 360 U 2J | 12 | 280 | 590 | 0.1U | 1900 | 1900 [ 170 | 2.74E+07 | 1.33E+08 ND 5.19E+06 | 6.33 [ -154 | 1.73 | 8432 3.18
5/27/09 250 U 41000 2100 250 U 250 U 3J | 10 [ 250 [ 630 [ 0.25U | 1900 | 1900 | 170 6.69E+07 | 2.08E+08 ND 1.10E+07 | 6.15 | -224.3 | 14.98 | 8026 0
6/23/09 9J 30000 4500 11 20J 4J | 11 | 310 | 640 [ 0.25U | 1900 | 1900 | 190 | 8.56E+06 | 1.30E+07 ND 2.00E+06 | 6.51 | -58.4 0.9 8030 2.34
10/13/09 250 U 35000 10000 250 U 250 U 5 10 | 650 [ 630 [ 0.25U ) 1800 | 2100 91 3.50E+07 | 2.51E+07 ND 3.70E+06 [ 6.36 12 1.16 | 7.904 >3.3
;’r E 4/24/08 130 U 17000 130 U 130U 130 U 5U]| 5U 50 NS NS NS NS NS NS NS NS NS 7.05 | 415 | 0.94 | 13331 0
E N 11/4/08 NS NS NS NS NS NS | NS NS NS NS NS NS NS NS NS NS NS 6.85 | -32.7 | 1.48 | 15990 NM
2 4/24/08 16 J 8500 85 4317 63U 5U]| 5U 89 820 [ 0.5U | 5600 | 3100 79 ND NS NS NS 6.72 | 421 | 0.64 | 17019 0
5 11/4/08 12J 4600 96 40 13U 5U (| 5U 75 730 [ 0.5U | 5100 | 2200 53 ND ND ND ND 6.75 | 50.8 0.8 | 14850 0.1
:lrl 4/28/09 33J 3400 417 50 U 50 U 5U ] 3J 88 [ 2100 [ 0.1U | 5000 | 2100 | 2000 ND ND ND ND 6.26 | -37.7 | 3.17 | 15790 3.16
§ 6/23/09 16 2000 22 8.8J 13U 5U | 1J 51 [ 3000 | 0.5U | 3900 | 1100 | 2000 | 2.70E+04*| 2.4E+04* ND 5.1E+03* | 6.51 | -144.9 | 0.4 [ 13430 2.79
o 10/13/09 19 2600 29 8.7J 5.3J 5U [ 4J [ 270 [ 2700 [ 0.5U | 3900 | 1400 | 2400 [ 1.03E+03*| 7.12E+02* ND 3.0E+03* [ 6.32 -62 0.74 | 12770 >3.3
E 4/24/08 16 J 8900 77 42 50 U 5U ([ 5U | 190 | 810 | 0.5U | 5000 | 3800 67 ND NS NS NS 6.65 | 37.8 | 0.99 | 16058 0
N 11/4/08 21 6300 86 27 13U 5U ([ 5U | 130 | 820 | 0.5U | 4400 | 3000 57 ND ND ND ND 6.73 | 50.8 | 1.27 | 14180 0.12
5 4/28/09 30 Jb 7900 57 12 50 U 5U | 4J | 120 | 850 | 0.1U | 4400 | 2900 55 ND ND ND ND 6.44 | -24.7 | 4.11 | 13840 3.3
g 6/23/09 18J 6700 59 15 50 U 5U (| 3J | 110 | 970 1U 4300 | 2800 99 ND ND ND ND 6.71 -81 0.89 | 13320 0.76
o 10/15/09 14 J 7400 50 50 U 50 U 5U ] 2J | 200 | 2000 | 0.5U | 3800 | 1900 | 910 ND ND ND ND 6.39 | -565.6 [ 1.09 | 12.07 >3.3
5 Lg 4/24/08 197 990 6.7J 1613 7.1U 5U (| 5U | 110 NS NS NS NS NS NS NS NS NS 7.24 -61 1.02 | 13894 0.53
g
o N
4/24/08( 420U 57000 420 U 420U 420 U 5U [ 5U | 130 | 220 0.57 | 2100 | 1900 38 ND NS NS NS 6.99 | 425 | 0.33 | 7842 0
9/2/08( 420U 52000 420 U 420U 420 U 5U 6 170 | 280 0.79 | 2200 | 1900 32 ND ND ND ND 6.71 | 1254 | 9.15 | 7680 0
10/16/08 71U 41000 457 71U 71U 5U 8 200 | 330 | 0.25U | 2200 | 1700 42 NS NS NS NS 6.67 | 285 | 1.28 | 7858 0.01
— 11/4/08] 200U 37000 91J 200U 200 U 5U (| 10 | 270 | 360 | 0.25U | 2200 | 1700 44 ND ND ND ND 6.94 | 3874 | 146 | 7190 0
% 1/27/09 13J 37000 457 50U 50 U 5U 9 250 | 350 | 0.1U | 2100 | 1600 57 3.83E+05 | 9.81E+04 ND 1.11E+05 | 6.79 | -23.7 | 0.91 | 7899 0.23
N 2/23/09 360 U 40000 360 U 360 U 360 U 5U | 10 [ 260 [ 370 | 0.25U | 2200 | 1600 63 6.85E+05 | 2.52E+06 ND 5.57E+05 | 6.89 [ -179.1 | 1.31 | 6740 0
L 3/30/09 360 U 39000 360 U 360 U 360 U 5U 7 180 | 390 | 0.25U | 2100 | 1600 55 1.86E+05 | 8.31E+05 ND 6.32E+04 | 6.41 | -269 | 1.28 | 7779 0.08
% 4/28/09 360 U 44000 360 U 360 U 360 U 5U 7 170 | 410 | 0.1 U | 2100 | 1600 68 1.97E+05 | 9.35E+05 ND 3.51E+04 | 6.6 59.8 | 2.98 | 8366 0
o 5/27/09 250 U 35000 82J 250 U 250 U 5U 8 200 | 460 | 0.25U | 2100 | 1600 70 4.32E+06 | 2.49E+06 ND 8.40E+05 | 6.59 [ -1585| 0.9 7207 0.03
6/23/09 310U 39000 380 310U 310U 5U 8 210 | 440 | 0.25U | 2000 | 1500 93 1.55E+06 | 3.70E+06 ND 5.50E+05 | 6.87 [ -10.9 | 0.92 | 7258 0
10/7/09 200U 23000 10000 200U 450 10 8 830 | 640 | 0.25U | 2000 | 1500 | 100 1.43E+08 | 9.35E+07 ND 1.50E+07 | 6.27 | -21.7 | 0.99 | 6.769 157
10/7/2009-K] 200 U 24000 11000 200 U 490 10 7 800 | 650 | 0.25U | 2000 | 1500 | 100 | 2.46E+08 | 2.21E+08 ND 4.10E+07
‘q;,) 4/24/08 100 U 13000 753 54 J 100 U 5U (| 5U 62 610 | 0.5U | 5700 | 3000 | 100 ND NS NS NS 6.96 52 0.61 | 15992 0
N 11/4/08 15 6100 86 43 13U 5U (| 5U 57 950 [ 0.5U | 6000 | 3100 95 ND ND ND ND 6.89 | 1275 | 1.67 | 16730 0.09
o 4/28/09] 20Jb 7100 56 31J 50 U 5U | 27 69 1400 | 0.1U | 5900 | 2600 | 1000 ND ND ND ND 6.56 | -37.5 | 1.94 | 12740 3.3
g 6/23/09 12J 4600 69 26J 42 U 5U | 2J 61 1900 1U 5000 | 1900 | 2200 ND ND ND ND 6.61 | -82.6 | 0.94 | 16230 1.56
o 10/13/09 42 U 6700 220 23J 42U 5U [ 2J 67 | 2500 1U 4600 | 1500 | 2300 | 3.32E+03* | 1.38E+03* ND 8.2E+02* | 6.33 | -98.7 | 0.65 [ 1373 >3.3
ké 4/24/08 83U 11000 90 32J 83U 5U]| 5U 74 750 | 0.5U [ 5800 | 3100 87 ND NS NS NS 6.82 | 211 | 0.53 | 16173 [ 0.015
N 11/4/08 12J 9100 72 34 25U 5U (| 5U 83 890 [ 0.5U | 5700 | 2900 83 ND ND ND ND 6.82 | 66.8 | 1.02 | 15380 0.7
o 4/28/09 417 6900 67 20J 50 U 5U | 1J 49 1100 1U 5400 | 2600 NA ND ND ND ND 6.57 | -22.2 | 0.57 | 15700 221
g 6/23/09 42 U 5600 53 13J 42U 5U | 1J 36 | 1200 1U 5100 | 3000 | 430 ND ND ND ND 6.7 -49.6 | 0.36 | 15010 3
o 10/13/09 42U 6900 72 42U 42U 5U | 27 71 1400 1U 5300 | 2500 | 360 ND ND ND ND 6.38 | -45.9 [ 1.46 | 14140 >3.3
o g 4/24/08 31U 5000 19J 31U 31U 5U]| 5U 16 NS NS NS NS NS NS NS NS NS 741 | -25.1 | 1.28 | 11794 0.76
S €
o N
4/22/08 31U 11000 51 14 31U 5U ([ 5U | 170 | 530 | 0.1J | 3000 | 3000 56 ND NS NS NS 6.53 345 0.98 | 12976 0
9/5/08 68 J 12000 86 21 83U 5U(|5U 96 600 [ 0.5U | 3200 | 3100 51 9.65E+02 | 6.77E+01 | 3.71E+01 ND 5.82 | 2475 | 3.96 | 1106 0
10/15/08 50 U 9500 86 19J 50 U 5U ([ 5U | 110 | 600 | 0.25U | 3000 | 2800 61 NS NS NS NS 6.4 34 1.8 | 12530 0.06
10/15/2008 - K 10J 10000 77 21 20U 5U ([ 5U | 100 | 610 | 0.25U | 3100 | 2700 57 NS NS NS NS
11/3/08 50 U 9700 80 14 50 U 5U ([ 5U | 130 | 660 | 0.1U | 3300 | 2900 78 ND ND ND ND 6.64 | -45.2 | 0.75 | 11060 0.99
© 1/27/09 50U 7400 600 50U 50 U 5U (| 5U 68 740 [ 0.1U | 2600 | 2900 | 120 ND ND ND ND 6.61 | -105.2 | 0.5 | 12770 2.86
g 2/23/09 17U 2100 800 7.6J 54 5U (| 5U 98 1300 | 0.1U | 1900 | 1100 | 1100 | 2.76E+07 | 1.14E+08 ND 5.79E+06 | 6.5 [ -328.4| 0.44 | 7552 3.03
o 3/30/09 5J 1000 350 49 350 380 | 5U 55 [ 2400 | 0.5U | 2100 | 2000 | 1600 | 1.71E+09 | 5.90E+09 ND 6.11E+08 | 6.47 | -322.4 | 2.92 | 11900 0.67
4/27/09 420 740 360 8.2 410 310 | 2J 72 | 3100 | 0.035 | 1500 | 1700 | 2300 | 5.62E+08 | 3.61E+09 ND 1.72E+08 | 6.46 | -336.4 | 598 | 7721 0.03
5/27/09 2773 820 310 49J 340 290 | 2J | 260 | 3100 | 0.25 790 [ 1300 [ 3400 | 1.00E+09 | 9.54E+08 ND 2.60E+08 | 6.23 [ -330.6 | 12.58 | 8591 0.35
6/22/09 3J 790 460 6.4 120 190 [ 5U | 1100 | 3200 | 0.06 J | 600 | 1400 | 3400 | 1.59E+09 | 3.80E+09 ND 4.60E+08 | 6.72 | -335.3 [ 0.54 [ 9043 0
6/22/2009-K 317 910 490 7 130 170 | 5U | 900 ([ 3100 | 0.13 760 | 1500 | 3200 | 9.64E+08 | 2.00E+09 ND 2.40E+08
10/15/09 5.7 760 690 11 470 220 | 1J | 2300 | 1900 | 0.25U [ 2000 [ 1800 [ 400 | 4.22E+08 | 2.44E+08 ND 4.90E+07 | 5.54 | -328.7 | 0.98 [ 9763 NM
4/22/08 31U 17000 76 21 31U 5U 9 210 | 540 | 0.03J | 3000 | 3200 50 ND NS NS NS 6.66 301 0.96 | 13572 0
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Units: ug/L ug/L ug/L ug/L Hg/L po/L | pg/L | pg/L | mg/L mg/L mg/L | mg/L mg/L gene copies/L mV mg/L mg/L
9/5/08 27J 15000 78 J 28J 83U 5U | 5U | 150 600 | 0.5U | 3500 | 3200 53 1.51E+03 | 1.75E+02 | 2.51E+01 ND 6.11 | 310.2 | 1.23 1274 0
10/15/08 9.6J 10000 57 13J 25U 5U | 5U | 110 | 1200 | 0.25U | 3000 | 2400 | 1300 NS NS NS NS 6.26 | -221.9 | 0.81 | 12010 NM
11/3/08 50 U 9600 59 50U 50 U 5U| 5U | 140 | 1100 | 0.1U | 2600 | 2600 | 1100 ND ND ND ND 6.49 | -2409 | 05 11990 1.94
~ 1/27/09 50 U 5800 3317 50U 50U 5U ]| 5U 96 2300 | 0.1 U | 2800 | 2200 | 1700 | 6.15E+03 | 1.02E+03 ND 2.19E+03 | 6.6 | -287.9| 0.44 13.3 0.4
;' 2/23/09 50 U 6500 44 ) 50U 50U 5U | 5U | 110 | 2800 | 0.1U | 2800 | 1900 | 2700 ND ND ND ND 6.46 | -327.4 | 0.52 | 12848 0.66
E 2/23/2009 - K 31U 6700 46 31U 31U 5U | 5U | 110 | 2600 | 0.2 U | 2900 | 2000 | 2600 ND ND ND ND
3/30/09 50 U 8600 58 18J 50 U 5U | 5U | 100 | 2300 | 0.1 U | 2900 | 2400 | 1500 | 5.78E+03 | 2.29E+04 ND 1.88E+03 | 6.42 | -324.8 | 6.58 | 13520 1.56
4/27/09 50 U 5800 1700 16J 50 U 5U ]| 43 120 | 2100 [ 0.1 U | 3300 | 2500 | 1500 | 2.04E+03 | 1.43E+04 ND 3.83E+02 | 6.31 | -222.4 | 0.47 8383 3.3
5/27/09 25U 2900 1300 9.2J 120 5U | 3J 96 3300 [ 0.5U | 2200 | 1600 | 3200 | 3.83E+08 | 3.04E+08 ND 2.50E+06 | 6.28 | -322.5 | 12.58 | 11720 0.57
6/22/09 42U 190 96 2.4 590 28 1] 47 4400 | 0.1 U 650 820 5400 | 1.06E+09 | 2.20E+09 ND 7.10E+07 | 6.75 | -320.8 | 0.66 | 9510 0
10/15/09 5U 120 41 4.2] 67 81 |0.5J] 2600 | 5200 [ 0.1 U 320 710 8400 | 2.63E+08 | 2.22E+08 ND 3.40E+07 | 7.01 | -340.7 [ 1.49 9644 0
4/23/08 8J 15000 120 10J 17U 5U| 34 430 590 | 0.5U | 2400 | 2400 46 ND NS NS NS 6.64 | 189.5 | 0.96 | 10876 0
9/3/08 71U 12000 100 71U 71U 5U 6 140 780 | 0.25U | 2300 | 1800 660 ND ND ND ND 6.01 | -141.7 | 1.92 7889 0
10/15/08 17U 8300 58 8.8J 17U 5U 6 120 | 1400 | 0.25U | 2000 | 1600 | 1600 NS NS NS NS 6.22 | -243 | 0.68 | 8568 >3.3
11/3/08 83U 8500 69 J 83U 83 U 5U 7 150 | 1400 | 0.2 U | 1900 | 1600 | 1400 ND ND ND ND 6.42 | -297.8 | 0.31 | 8123 3.07
o 1/27/09 17U 1300 2700 3.7J 17U 5U 8 160 | 2000 [ 0.1 U | 1500 | 1500 | 1300 ND ND ND ND 6.55 | -257 | 0.36 9157 0.85
g 2/23/09 17U 1100 4500 4.4 17U 5U 9 190 | 1500 ( 0.1 U | 1900 | 1700 420 7.05E+04 | 1.50E+05 ND 3.28E+04 | 6.35 | -268.4 | 2.22 8445 1.49
o 3/30/09 10U 1700 1400 3J 140 150 8 170 | 1900 ( 0.1 U | 1500 | 1500 | 1400 | 1.40E+08 | 6.59E+08 ND 6.09E+07 | 6.45 | -241.7 | 0.24 | 8802 1.03
4/27/09 6.1J 1500 470 2.7J 420 330 | 11 350 | 2000 [ 0.1 U | 1400 | 1500 | 1600 | 1.61E+08 | 1.08E+09 ND 5.11E+07 | 6.32 | -313.9 | 15.41 | 8485 0.36
5/27/09 10U 1300 330 3.3J 260 410 | 12 | 1100 | 2300 | 0.25U | 1100 | 1300 [ 2400 | 4.49E+08 | 7.42E+08 ND 1.80E+08 | 6.2 -323 | 17.02 | 7700 1.38
6/22/09 5U 710 180 297 250 350 ( 10 | 1300 | 2700 | 0.1 U | 760 | 1100 | 3500 | 2.16E+09 | 5.50E+09 ND 6.90E+08 | 6.6 | -353.1 | 0.56 7496 1.46
10/7/09 1.8 72 76 6.3 100 250 9 2300 | 3200 | 0.1 U 33 860 3200 | 7.06E+07 | 5.39E+07 ND 1.20E+07 | 6.52 | -313.8 | 0.2 6622 1
4/23/08 6.3U 840 18 6.3U 6.3 U 5U | 48 [ 2800 | 990 | 0.01J | 1100 | 160 16 ND NS NS NS 6.75 35.2 | 0.57 | 4114 0
9/3/08 3517 2000 35 6.3U 6.3U 5U 6 460 810 | 0.1U | 2700 | 400 13 ND ND ND ND 6.11 | -88.4 | 1.85 | 5543 0
10/15/08 42U 1800 34 1.3J 42U 5U 5 360 810 | 0.25U | 2800 | 400 13 NS NS NS NS 6.35 | 47.7 | 0.98 | 6034 0
11/3/08 17U 1500 31 17U 17U 5U 5 370 800 | 0.1U | 3000 [ 440 13 ND ND ND ND 6.52 | 115.7 | 0.84 | 6066 0
N 1/27/09 0.7J 350 7 2U 2U 5U | 27 770 | 1000 [ 0.1 U | 1700 | 220 19 ND ND ND ND 6.71 | -96.4 | 0.63 [ 4993 0.48
% 2/23/09 0.3J 96 5.8 0.1J 05U 5U | 48 | 1500 | 1100 | 0.2 U | 950 120 17 ND ND ND 1.31E+03 | 6.72 | -222.1 | 4.65 | 3098 0.25
o 3/30/09 0.8J 240 160 0.4J 0.2J 5U | 20 640 | 1100 | 0.33 | 1200 | 120 15 ND ND ND ND 6.53 | -102 | 0.82 3562 2.88
4/27/09 1.4 110 270 0.6J 11 4] 20 640 | 1500 | 0.2 U | 1600 | 290 320 9.79E+05 | 5.18E+06 ND 1.79E+05 | 6.43 | -295.2 | 10.54 | 5846 0.12
5/27/09 0.8J 100 200 1.2J 80 100 | 39 | 2200 | 2200 | 0.25U | 1300 | 480 720 2.48E+08 | 1.86E+08 ND 5.20E+07 | 6.3 | -305.8 | 2.63 | 5772 0.62
6/22/09 0.2J 19 19 1.1 37 110 | 26 | 3000 | 2100 | 0.1J 960 580 400 2.80E+07 | 5.60E+07 ND 8.00E+06 | 6.8 [ -290.2| 0.6 5921 0
10/7/09 0.2J 45 14 1.2 25 66 16 | 6600 | 1700 | 0.25 U | 2500 | 1100 120 1.12E+07 | 9.83E+06 ND 1.90E+06 | 6.67 | -282.4 | 0.56 7605 0.05

Notes:

K - Duplicate sample

J - estimated value

U - nondetect (detection limit is indicated)

NA - not analyzed
ND - not detected
NS - not sampled

* - indicates that the value presented is below the reporting limit.

umhos/cm - micromhos per centimeter
Hg/L - mcrograms per liter

mg/L - milligrams per liter

mV - millivolts

ORP - oxidation reduction potential
DO - dissolved oxygen

> - greater than

NM - not measured




February 2009 TCE (ppb)  8"°C cDCE 5°C VC 5%C Ethene  5°Ceth 2-butanone chloroform chlor/DCE

SB-AEW 21000 24.3 1100 -26.8
SB-AMW1-25' 27000 7000 -24.6

SB-AMW2-25' 97 9500 22,9 940 -43.0 75 0.01
SB-AMW3-Z1 6000 -24.5 2300 -24.5 210 55 0.02
SB-AMW4-Z1 310 -17.9 6700 -36.5 2900 59

SB-AMWS5-Z1 5800 -23.7 2800 -25.0 57 100 0.04
SB-AMW6-25' 130000 -23.9 317 285

SB-PIW1-25' 42 4 -27.0 120 32.43
SB-PIW2-25' 12 -26.1 3 -27.9 23 110 3 1.00
SB-PIW3-25' 2 235 1 25.4 5 160

SB-PMW1-25' 1700 -28.0 79 74 0.94
SB-PMW2-25' 1800 43

SB-PMW3-Z1 41000 233

SB-PMW4-Z1 41000 233

SB-PMW5-Z1 40000 -24.6

SB-PMW6-25' 2100 233 800 -19.2 54 280 0.35
SB-PMW7-25' 6500 690
SB-PMW8-25' 1100 -20.0 4500 -25.2 30 0.01
SB-PMW9-25' 96 -22.6 6

Average of all -23.5 -26.4 -35.8

AEW/AMW Ave 22.9 27.4 -35.8

PIW/PMW Ave -23.9 -24.9

April 2009 TCE (ppb)  3°C cDCE 5c VC 5c Ethene 5" Ceth 2-butanone chloroform chlor/DCE
SB-AEW 6500 22.7 330 -24.9

SB-AMW1-25' 880 22.2 3000 -15.4 1100 -35.4 17

SB-AMW2-25' 540 9.9 1700 6900 -30.2 16

SB-AMW3-Z1 1200 22,5 2700 -15.9 3900 26.2 58

SB-AMW3-Z2 780 -22.6 6500 -13.9 1900 -40.2 13 99 0.02
SB-AMW3-Z3 130 11000 190 -47.0

SB-AMW4-Z1 250 -16.8 4100 9.6 5400 -32.5 14

SB-AMW4-22 81 5500 6.0 8100 -33.0 12

SB-AMW4-23 4200 219 7400 -19.4 2000 -37.8

SB-AMWS5-Z1 2600 215 5500 -19.3 3500 -31.8 19 72 0.01
SB-AMWS5-Z2 81 9000 -11.7 5200 -40.0 40

SB-AMWS5-Z3 1900 215 4200 -21.8 170 -39.9 77 0.02
SB-AMW6-25' 70000 -22.9 1100 -25.1 120 0.11
SB-PIW1-25' 26 23 4 -17.2 11 0.48
SB-PIW2-25' 44 23.1 6 180

SB-PIW3-25' 1 6 -28.0 170

SB-PMW1-25' 1400 -28.3 65 58 0.89
SB-PMW2-25' 280 217 7 140 21.54
SB-PMW3-Z1 45000 -21.9 260 48 0.18
SB-PMW4-Z1 42000 -22.0 520 220 0.42
SB-PMW4-Z3 3400 -23.4 41 5600 136.59
SB-PMW4-Z4 7900 235 57 3300 57.89
SB-PMW5-Z1 44000 -24.1 130
SB-PMWS5-22 7100 -24.0 56 2900 51.79
SB-PMW5-Z3 6900 235 67 3800 56.72
SB-PMW6-25' 740 -17.9 360 410 22.4 310 -27.5 42 230 0.64
SB-PMW7-25' 5800 -22.0 1700 -23.8 260 570 0.34
SB-PMW8-25' 1500 -15.5 470 95 420 -14.4 330 29.7 56 0.12
SB-PMW9-25' 110 -22.0 270 -22.8 11.0 -15.9

Average of all -21.6 -17.1 -31.6

AEW/AMW Ave -20.5 -16.6 -35.8

PIW/PMW Ave -22.4 -18.7 -20.2 -24.8



June 2009 TCE (ppb)  8"°C cDCE 5°C VC 5%C Ethene  5°Ceth 2-butanone chloroform chlor/DCE
SB-AEW 8000 24.4 920 -25.6 37.2

SB-AEW K 16000 -23.9 1900 -23.0

SB-AMW1-25' 1900 232 1200 -145 2800 -27.8 22
SB-AMW2-25' 280 5.2 440 6.8 6400 -26.8 33
SB-AMW2-25'K 290 -4.3 430 6.6 6500 -26.1 34
SB-AMW3-Z1 580 219 690 -14.7 7000 229 200
SB-AMW3-Z2 520 -20.0 1400 117 5500 -26.4 77
SB-AMW3-Z3 87 -18.6 2000 8.2 5300 -26.9 27
SB-AMW4-Z1 150 -18.2 380 -4.8 7000 -26.9 110
SB-AMW4-Z2 7600 -26.3 65
SB-AMW4-Z3 1900 222 3400 -16.4 4600 27.4 11
SB-AMWS5-Z1 1100 223 1500 -15.5 6000 -25.2 86
SB-AMWS5-Z2 91 8.6 290 4.0 6900 -27.0 63
SB-AMW6-25' 53000 235 3600 -19.8 -27.3

SB-PIW1-25' 13 9 19 -19.3 -12.6
SB-PIW2-25' 17 3 8

SB-PIW3-25' 54 2 4

SB-PMW1-25' 1400 -28.0 69 -30.5 6
SB-PMW2-25' 4400 234

SB-PMW3-Z1 47000 243

SB-PMW3-22 1400 241 11

SB-PMW4-Z1 30000 233 4500 -25.2

SB-PMW4-Z3 2000 242 22

SB-PMW4-Z4 6700 243 59

SB-PMWS5-Z1 39000 -24.6 380

SB-PMWS5-Z2 4600 -23.9 69

SB-PMWS5-Z3 5600 -24.6 53

SB-PMW6-25' 790 -16.2 460 -20.5 120 -18.5 190 -21.0
SB-PMW6-25'K 910 -16.9 490 -20.3 130 -20.6 170 217
SB-PMW?7-25' 190 8.7 96 13 590 -18.3 28 -34.1
SB-PMW8-25' 710 -12.6 180 7.3 250 -8.8 350 -26.5
SB-PMW9-25' 19 -18.8 19 37 -4.2 110 -23.4
Average of all -19.8 -12.6 -23.4 -23.2
AEW/AMW Ave -18.2 -10.5 272

PIW/PMW Ave 212 -17.1 -15.0 232
October 2009 TCE (ppb)  3°C cDCE 5C VvC 5C Ethene  5°Ceth 2-butanone chloroform chlor/DCE
SB-AEW 242 -19.8 -30.0

SB-AMW1-25' -20.6 -18.2 -19.6 -44.2
SB-AMW2-25' 6.9 212 245

SB-AMW3-Z1 214

SB-AMW3-Z2

SB-AMW3-Z3 -23.6 -28.7
SB-AMW4-Z1 -20.5 -40.4
SB-AMW4-Z2 -20.3

SB-AMW4-Z3 221

SB-AMWS5-Z1 -23.4 -185 -23.8 -48.7
SB-AMWS5-Z2

SB-AMWS5-Z3

SB-AMW6-25' -23.9 -17.1 275

SB-PIW1-25' -22.9 -21.8

SB-PIW2-25' 427
SB-PIW3-25' -45.8
SB-PIW3-25' K -53.6
SB-PMW1-25' -28.2

SB-PMW?2-25' 235

SB-PMW3-Z1 -24.4

SB-PMW3-22 232

SB-PMW3-Z3 -24.4

SB-PMW4-Z1 233 -22.8

SB-PMW4-Z3 243

SB-PMW4-Z4 247

SB-PMW5-Z1 233 222 -43.3

SB-PMW5-Z1 K 235 231 -42.4

SB-PMW5-Z2 -23.1

SB-PMW5-Z3 232

SB-PMW6-25' -17.7 -18.4 -19.8 -43.3
SB-PMW?7-25'

SB-PMW8-25' -19.2 -36.2
SB-PMW9-25' -40.3
Average of all -22.4 -20.3 -26.1 -42.4
AEW/AMW Ave -19.8 -19.0 233 -40.5
PIW/PMW Ave 233 217 -35.2 437
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