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May 24, 1999

Ms. Madulla Logan
Alameda County DHS
1131 Harbor Bay Parkway
Alameda, CA 94502

‘Re: Former E-Z Serve Station No, 100877 - Hayward
Addendum to January 29, 1999 Workplan for Additional Site Assessment

Dear Ms. Logan,

This addendum is written in accordance with our conversation regarding the additional work you
requested be added to Clearwater's Workplan for Additional Site Assessment dated T amuary 29,
1999. Tn addition to the site assessment work specified in the workplan Clearwater will prov1de &
. revised Risk Assessment which will elaborate on the one already submitted by Brown and
Caldwell dated May 9, 1995. The revised Risk Assessment will include a detemunanon of risk
from exposure pathways from the hydrocarbon unpactcd soil and groundwater to indoor bl metures
located above the impacted areas using a vapor migration model. Also included in the smdy will be
a determination of clean-up levels for soil and groundwater at this site and a comparative analysm
to current soil and groundwater quality conditions. The risk assessiment study will be pcrf:ﬁrmed in
accordance with ASTM RBCA guidelines. If you have any questions or comments regarding our
proposed scope, or if I may be of any additional assistance, please do not hesitate to call.

Sincerely,
Clearwater Group, Inc.

A
Heidi M. Bader

Project Geologist

520 Third Street, Suite 104 + Oakland, Califprmia 92607 « Telephone 510-893-5160 & Fax 510-893—59‘4'7
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1.0 INTRODUCTION
Clearwater Group, Inc. (Clearwater) has prepared this report on behalf of Restructure Petroleum

I

Marketing Company, Inc. (RPMS) to provide a detailed description of proposed additionial site
assessment work for the Former EZ Serve Site #100877, located in Hayward, Califom'izi. The
primary purpose of the additional site assessment work is to delineate the extent of petroleum
hydrocarbon impacted soil and groundwater at the subject site and determine current sioil and
groundwater conditions surrounding the former source area. J

2.0 BACKGROUND
2.1 Site Description ‘ : :
The site is located at 525 West A Street in Hayward, California. 1t is situated on the northwest
comer of West A Street and Garden Avenue in the City of Hayward, County of Alameda, State of
California's Township 3 South Range, Range 2 West, Mount Diablo Rase and Meridian (Figure
1). The Assessor's Parcel Number (APN) for the site is 432-0016-026-03. The site is not in use
. -currently, and is secured by & chained link fence and a locked gate, The site was previously

occupied by a gasoline service station. Remaining on the site is only the former dispenser island
canopy and some lighting fixtures. ‘ ' ’

2.2 Project History .

The site operated as a service station from 1966 until 1090. While operating the site contained one
10,000-gallon diesel and three 10,000-gallon gasoline underground storage tanks (USTs)., In
November 1986 results of tank tightness tests and discrepancies in inventory records resulted in
the investigation of soil and grovndwater beneath the sjte. '

In December 1986, Converse conducted an initial Phase I1 Site Assessment which inci,uded the
drilling of .three soil borings (B-1 through B-3), which were subsequently converted into
groundwatet monitoring wells (MW-1 throug_h MW-3). Results from soil and groundwater
sampling from this investigation confirmed the presence of petroleum related hydrocarbijns in the
soil and groundwater. In June 1987, Converse implemented the second phase of the Ph‘fase 11 site
assessment. ‘This included the drilling and installation of three add‘;‘tion'al groundwater monitoring
wells (MW-4 through MW-6). Wells MW-1 throngh MW-6 were constructed to depths of
approximately 30 feet below ground sucface (bgs). Results of this phase of work indicated that
petroleum related hydrocarbons had impacted the soil and groundwater beneath the s}ite to the
property boundary.

Sop" : ‘ :
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-In June 1990, the USTs, dispenser islands, and associated piping were removed from the site.

During this phase of work monitoring wells MW-3, MW-5 and MW-6 were destroyed and MW-1,
N - Ve - [ .
MW-2 and MW-4 were damaged. =~ ' (

After a round of project bidding and contractor selection, Associated Soils Analysis (EASA)
replaced Converse as the project contractor. As documented in their March 2, 1992 repont, ASA
abandoned two of the original Converse wells (MW-2 and MW-4) that had been da;magcd
following the UST removal project, repaired a third (MW-1), and constructed four new monitoring
wells on the subjéct property. Groundwater was encountered at ﬁpproximatcl} 21 fcétfbelow
grade; the wells were finished at 30 feet. Significant soil and groundwater contamijnation was
encountered in most arcas explored, thereby not defining the lateral extent of ii‘ti;i;aét by petroleum
related hydrocarbons to the soil and groundwater. A quarterly grbundwater program was' initiated.

In order to satisfy agency requirements for additiona] plume delineation, a workplan for,further
assessment was prepared by E-Z Serve staff on September 21, 1992. Proposals for the
implementation of the contemplated work were solicited, and as aTesult of the comnpetitive bidding
process, ASA was again selected to contipue the subsurface assessment. The next phase of work
completed by ASA included extensive off-site permitting, drilling and sampling four borings.to 30
feet, and the construction of four- additional monitoring wells (MW-7 through MW-10) in these
borings. The results of this effort were documented in the ASA report dated July 20, 1993, and
concluded in the report that the lateral extent of the petroleum hydrocarbons affected groundwater
still remained undetined. "

The Alameda County DEH responded to ASA's July 19\93 report and rcqueszéd that BE-Z Serve
continue efforts to determine the extent of the impacted area and begin to contemplate measures for
interim remedial action. In response to County directives E-Z Serve retained Hydro-Environmental
Technologies, Inc. (HETI), who prepared technical subrgittals to address the County requests. As.
one of their first tasks, HETI prepared a workplan describing measures necessary for the
implementation of feasibility testing for the evaluation of the most appropriate interim remedial
measure. The workplan was approved by Alameda County and results of testing were reported by
HETI in a submittal dated March 1, 1994. In an effort to satisfy the Alameda County ﬁbquest to
define the lateral and downgradient extent of contamination HETI prepared a woriﬁplan for
additional investigative actmties ¥ile material indicates that the recommended assessment and

Page 2
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mitigative activity proposed by HETI were not implemented by E-Z Serve. File corrGSponiience
shows a request by the RWQCB to attend to the County coneerus, and on September 29, 1994 a
technical proposal to satisfy the stated County objectives was submitted by (B&C). The B&C
Jetter report outlined a series of subsurface tests that were similar to those previously proposed by
HETL " |

Results of B & C discrete sampling and monitoring well installation program were reported in a
series of letter reporis submitted in early to mid-1995. Four additional off-site monitoring wells
(MW-11 through MW-14) were installed by B&C in February 1995 to further define the larteral
- extent of imﬁacted groundwater. A-’cc;fnprehensive report was transmitted {o the County in March
1995. The conclusions and recommendations in this report indicated that the level of risk p{)sed to
the residents of the area impacted by the subgrade contamination had not yet been evaluaféé'd, and
that with the County’s permission, a comprehensive risk assessment would be completed: The
report indicated that a workplan for the completion of this risk assessment would be compleﬁcd and

provided to the County, and that upon receipt of their approval the assessment would procees.

The Risk Assessment was prepared by B&C and subrmnitted to the County on May 9, 1995+ Ina
letter dated May 23, 1995, apparenily responding to 2 verbal request for progress clarification by
the County, B&C staff indicated that the preparation of a Corrective Action Plan (CAP}l would
commence following review and revision of the submitted risk assessment by the Couniy. as a
thorough CAP would not be possible without established remedial endpoints, The County
requested clarification to the Risk \Asscssmcnt-in‘ a letter dated August'3, 1995. B&iC staff

responded to the County queries in a letrer q;}itqdrSt}ptémbef 12, ’1_§9s.‘

2.3 Analysis Of Investigative Activities To Date .
Groundwater sampling to date has shown the continued presence of hydrocarbon comiaminants in
groundwater extending rad‘ally from the former tank excavation. Grounidwater monitoring data
evidences that contaminant concentrations hayeﬂ,stahilized{neigher significantly. increaging nor |
decreasing), suggesting the presence of 2 conrinued source for longer term, though non-migrating,
grdundwaﬁér contamination. This,_sourc'e area may be in’soil that is-present beneath the former
USTs, or it may be aésogjated with historic releases from diSpensefs and piping.”

Results of recent sampling events (June 1998) jndicate concentrations of total petroleum
hydrocarbous as gazsf)lim:j (TPGgas) ranging from not detected (<50ug/l) in MW-14 to 33,000 ug/l

Page 3
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in MW-2 and MW-4. Results from the same sampling event show benzene concentrations ranging
from not detected (<0.5ug/l) in MW-14to 6,100 ng/lin, MW-1. The fuel oxygcnate,é MTBE, was_
also detected in eight of the nine well sampled with concentrations not exceeding 720 g/l

2.4 Geology And Hydrogeology

According to B&C in their May, 1995 Risk Assessment the site lies within fhe San Leandro cbne,
a low gradient alluvial fan which originates at the mouth of Castro Valley and spreads westward
onto the Bay Plain. This cone consists of alluvial sediments which overlie marine clay, teni'gef}ous
sand and silt of intertidal provenaace's. The sediments directly under the site consist primariiy of
silty- and clayey-sands with occasional sandy-silt or sandy-clay layers. Groundwater is generally
encountered between 13 and 17 feet bgs. :

Also according to B&C in their May 1995 Risk Assessment for the subject site the shallowest
regional aquifer in the area is the Newark Aquifer. The Newark is a permeable, water-beating
alluvial sand aquifer, which is composed of a series of laterally discontinaous saturated lenses of
course to fine sediments 10 to 100 feet thick at depths Jess than 200 feet bgs. The regiénal
hydraulic gradient is westward, from the mouth of the Castro Valley towards the San Francisco

Bay. Groundwater directly under the site flows towards the west under 2n average hydi}autic

gradient of 0.005- feet per foot. The nearest point of release for the shallow aquifer 1o the surface
water in the westerly direction is the San Francisco Bay, which is located approximately’ three

miles from the subject site.

3.0 COUNTY REQUEST FOR ADDITIONAL ASSESSMENT

A meeting between the County and Clearwater took place in September, 1998 1o discuss. future
requirements for additional site work and potential remedial alternatives for this site. Durimg the
meeting and review of historical data it became apparent that several areas on-site and off-site
showed significant voids in-soil and groutidwater quality data. Tt was agreed upon by the County
and Clearwater that data in these areas ate needed for the determination of future remedial
alternatives and the most appropriate Jocations for additional groundwater monitoring wells.

. Page4
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During the meeting the County specifically reque sted a well to be located in the area between MW-
11 and MW-9, because the quality of the subsurface is not well established between MW-9 and
MW-11, which lic approximately 660 feet apart. ‘ ‘

Tt was also proposed during the meeting between Clearwater and the County that limited rcmbval
of source area soil would be a useful remedial measure in mitigating the extent of contamination at
the site. However, a review of the soil and groundwater quality data at the site indicate thai: the
area surrounding the former UST source is not well cstablished. The assessment of the soil and
groundwater quality in this area would be used to evaluate the feasibility of performing solﬁrce
removal at this site. The installation of discrete sampling points surrounding the source area would
therefore yield invaluable information regarding the current soil and groundwater conditions ini this
immediate acea. ‘ '

i

During a subsequest copversation with the County, 1t was decided that additional investigation in

.the down gradient direction, west of MW-11 and the former UST source, is warranted. Historical

data indicates that the down gradient exient of petroleum related hydrocarbon contamination
remains undetined west of MW-11 and west of the former UST source. Therefore, it was aigreed
upon by the County and Clearwater that the soil and groundwater quality would be tested in these
areas, in addition to those mentioned above. ) |

4.0 OBJECTIVES OF RECOMMENDED ADDITIONAL ASSESSMENT

The objectives of this phase of proposed site assessment are primarily associated with the
collection of data required to complete the subsurface investigation. A secondary objective is the
evaluation of subsurface characterization relative fo natural attenuation processes, One of the several
remedial alternatives to be considered for future mitigative actions. The recormmended tasks to be
employed are as follows:

L

Assessment of current soil and groundwater quality conditions surrounding souice area using
discrete sampling (Geoprobe®) methods.

Evaluation of the lateral extent of soil and groundwater contamination using discrete sampling
(Geoprobe®) methods. :

Page 5
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- As per the County's request, install an additional monitoring well between MW-9 and MW’—I 1
to provide a sampling point for the longer term monitoring of groundwater quality in this area.
The exact location of the well will be determined based on the results from the installation of
the discrete sampling points mentioned above. '

« Recent field activity indicate that MW-11 has been paved over or destroyed. To remedy this 2
magnetometer will be used to locate this well during the next phase of field work. If MW-11
can not be relocated a replacement well will be installed.

» Install one permanent monitoring well on West A strect, downgradient of MW-11. This will
be done to obtain soil and groundwater quality data in the downgradient direction, a3 MWw-11
has shown historically elevated levels of contaminants. The exact Jocation of the well will be
determined based on the results from the installation,of the discrete sampling points mentioned
above. ‘

« Conduct one round of groundwater sampling in all wells, including the newly installed wells.
The groundﬁatcr will also be tested for natural attequation parameters and a remediation by
natural attenuation (RNA) assessment conducted. If results from the RNA assessment indicate
conditions receptive to natural attenuation, then the feasibility of using an oxygen rcleasing
compound (ORC) to stimulate or accelerate bioremediation processes will be explored. |

50 SCOPE OF RECOMMENDED ADD‘ITIONAL ASSESSMENT

5.1 Discrete Soil and Groundwater Sampling

Based on project information collected to date; the initial installation of temporary discrete sarmnpling
points is the most appropriate and cost effective way to achieve the above stated goals. Discrete
- sampling should be completed as an initial screening measure in arcas not previously explored,
with the results of this initial screening used to establish the most appropriate location for the
installation of the additional wells, or 10 establish current soil and groundwater conclitions.
Installation of the additionul well without the intermediate screening step will likely guarantee
future well installations, or the installation of a greater number of wells than necessary, as the
locations for these wells will be selected “blind™. ‘

Page 6
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To accomplish the goal specified above Clearwater proposes that 12-14 discrete sampling bori'hgs

‘be introduced in the areas shown on Figure 3A and 3B. Soil samples shall be collected from all of
the borings at five foot intervals to their completed depth of approxim ately 15 feet below gro%und
surface (bgs). Soil borings shall be advanced by the Geoprobe® direct push technique. The
borings shall be grouted 1o grade with a Portland cement/bentonite slurry following completion.

Soil samples will be selected for lab analysis based on their proximity to significant change{s in
sedimentologic characteristics as determined in the field (i. e. presence of relatively impermeable
layers, zones of significant porosity, etc.) or upon the detection of organic vapors by a field
screening instrument. At a minimum, one soil sample collected from the vadose zope and-one
collected within the water-bearing or capiliary fringe zone shall be submitted to the project lab for
analysis (2 week nirn-around) of the following chemical constituents: |

.« TPH as gasoline by modified EPAM 8015M
« BTEX by EPAM 8020
- MTBE by EPAM 8020

Groundwater samples shall also be collected from each boring using hydropunch methods. The
selection of the actual groundwater sample depth will be made in the field based on the observation
of sedimentologic characteristics (occurrence of relatively dense fine-grained 1afycrs, zonis of
greater transmissivity, etc.). Groundwater samples shall be forwarded to the selected project lab
for analysis of the same chemjcal parameters as the soil samples. |

5.2 Groundwater Monitoring Well Installation | .‘

As mentjoned above Clearwater proposes that two borings be drilled and converted into
groundwater monitoring wells (PMW-15 and PMW-16). PMW-15 will be placedj between MW-
11 and MW-9 and PMW-16 will be Jocated down gradient (west) from MW-1 1 For reasons
mentioned earlicr the exact location of these wells will be determined by the results of the discrete
sampling event in that vicirgify. Once the exact location of PMW-15 and PMW-16 is determined

Clearwater will submit the proposed Jocation to the County for concurrence.

The borings for PMW-15 and PMW-16 shall be drilled from grade to 25 feet bg@. Soil sat}mples
shall be collected from the borings at five foot intervals to its completed depth. The soil borings

Page 7
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shall be advanced by a hollow stem auger drill rig. Soil samples will be selected for lab analyl sis
based on their proximity to significant changes in sedimentologic characleristics as determmined in
the field (i. e. presence of relatively impermeable layers, zones of significant porosity, etc.) or
upon the detection of organic vapors by a field screening instminent. At a minimum, two s;;oil
samples collected at the stated five foot intervals in the vadose zone and two from the saturated
zone shall be submitted to the project lab for analysis (2 week tarn-around) of the follm#ing
chemical constituents: o '

» TPH as gasoline by modified EPAM 8015M
« BTEX by EPAM 8020
« MTBE by EPAM 8020

The wells shall be constructed of two-inch diameter materials, completed at 25" feet bgs ‘and
screened from the completed depth to 5 feet bgs to allow for water table fluctuation. The
perforated section of each monitoring well shall be constructed of 0.020 inch slotted well screef.
5.3 Groundwater Sampling and RNA .Assessment \
Groundwater samples shall be collected from each newly installed and each existing monitering
well following development of the new well. Groundwater sampling shall be conducted in
accordance with the attached protocols (Appendix A). Samples shall be analyzed by the previously
stated EPA. Methods for concentrations of TPH-G, BTEX and MTBE. Should MTBE be dete::cted
by EPA Method 8020, a confirmation sample shall be analyzed by EPA Method 8260. ’

Groundwater samples collected during this sampling event would also be tesgéd for natural
attenuation factors. In addition to the above analytes the samples would also be analyzed for
ferrous iron, nitrates, sulfates, acrobic and anaerobic bacteria and hydrocarbon degrading bacteria.
In the field the samples will be tested for dissolved oxygen and Eh. The results will be comf?i’led,
interpreted and included in the report generated. '

1f the results of the RNA assessment indicate that ongoing aerobic activity is taking place and the
conditions are receptive to natural attenuation processes then the use of an oxygen releasing
compound (ORC) to accelerate bioremediation will be investigated. Conclusions and
recommendations will be included in the RNA assessment report indicating the viability of using
ORC st this site. ‘

Page 8
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6.0 REPORTING

Following completion of the ihvestigative activities specified above, Clearwater will prepére a
comprehensive Additional Site Assessient Report describing the results of discrete soilga'nd ‘
groundwater sampling and monitoring well installation. The report shail Contain a tabular and
graphic presentation of all data collected during the proposed phase of site characterization,
accompanied by text describing employed investigative methods and an interpretation of testing
results. Based on initial assessment results, recommendations for the removal of source area soil
or other remedial options, if found to be appropriate, will be made as needed. The report wifll be

- reviewed and signed by a California Registered Geologist.

Page &
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7 .0 CERTIFICATION

This workplaﬁ was prepared under the. supervision of a professional Registered Geologist in the
state of California. All statements, conclusions and recommendations are based solely uipon
published resuits from previous consuitants, field observations by Clearwater Group,'Inc. and
laboratory analysis performed by a California DHS-certified laboratory related to the vsé‘ork
performed by Clearwater Group, Inc. ‘

Information and interpretation presented herein are for the sole use of the client and regulating
agency. The information and interpretation contained in this document should not be relied upon
by a third party. ‘ :

The service provided by Clearwater Group, Inc. has been conducted in 2 manner consjstent with
the level of care and skill ordinarily exercised by members of our profession currently practicing

under similar conditions in the area of the site. No other warranty, expressed or implied, is made.

Clearwater Group, Inc. ‘

Prepared by: Reviewed by:

%#_‘4____\,

Heidi M. Bauer Markns Niebanck, R.G. ;
Project Geologist Operations Manager
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Soil Borehole Drilling, Monitoring Well Installation and Develup‘r:nent,
and Groupndwater Sampling Field Procedures

Drilling and Soll Sampling

Clearwater Group, Inc. (CGI) obtains all the required permits, unless otherwise contractuslly directed. CGI prepares

a site specific Site Safety Plan detailing site hazards, site safety and control, decontamination procedures, and
emergency response procedures to be employed throughout the defined phase of work. At least 48 howrs prior to
drilling, Underground Service Alert (USA} or an equivalent agency is notified of the planned work. CGI, attempts
locate all undersround and above ground utilities by site inspcction (in ‘conjunction with its” subcontractors and
knowledgeable site managers, if available), and raview of site as-built drawings. CGI may employ & privats,

 professional utility locator to refinc the site utility inspection. ' :

Al soil borings are drilled using 2 truck-mounted hollow-stem auger driil xig, unless site conditions warrant a
different drilling method. Subsurface conditions permitiing, the first five feet of each boring is advanced using &
hand-auger or post-hole digger. All drilling equipment is inspected daily and maintained in safe working condition
“by the operator. All down-hole drilling equipment is steam cleaged prior to arriving on site. Working components '
of the drill fg near the borehole, as well as augers and drill rods are thoroughly steam cléaned between each boring
.= =, location. All CGI drilling and sampling methods are consistent with ASTM Method D-1452-80, and local, state and
federal regulations. -

ampling and Lit gic Descriptl . . _
Whenever possible, the first Clearwater boring to be drilled at & site is continuously cored to obtain 4 complete
.. lithologic deseription. Otherwise, soil samples are typically collected every 5 feet t0 the total depth explored, using
brass fubes fitted In a California-modified split spoon sampler. 1f copper or zinc contamination is the subject of the
investigation, stainless steel liners are used instead of brass. Additional soil samples may be eollected based upon
significant changes in lithology or in areas of obvious soil contamijnation, During soil sample coilection, the splhit
.spoon’sampler is driven 18 to 24 inches past the lead auger by a 140-pound hammer falling a miniraum of 30
inches. The number of blows necessary 10 drive the sampler and the amount of soil recoverad is recorded on the
Field Exploratory Soil Boring Log. The soil sampler and Jiners are cleaned with aa Alconox® solution and rinsed
with tap water prior to each sampiing event. Naw liners are used whenever a soil sample ‘inay be retained for
. laboratory analysis. ' \

Soil samples selected for laboratory analysis are sealed on both ends with teflon tape and plastic end caps. The
samples are labeled, documented on a chain-of-custody form and placed in a cooler for transport fo 4 suite certifted
‘analytical laboratory. Soil contained in remaining liners js removed for lithologic descriptions (according to the
Unified Soil Classification System). Additional seil is screened for organic vapors by placing approximately 30
grams of soil in a sealed plastic bag or a glass jar sealed with aluminum fail, The bag or jar is left undisturbed for
approximately 15 minutes, in the sun if possible. The head space in the bag is acccssed in 2 manner to minimize
entry of outside air, and is tested for total organic vapor using a calibrated organic vapor mster (OVM). The resulis

of the fisld screening are noted with the lithologie descriptions on the Field Exploratory Sofl Boring Log.

" On encountering an impermeable (clayey) layer three feet or more in thickness below a satutated permeable layer,
where the impermeable layer is considered to ba a possible confining layer for an underlying aquifer, drilling is halted
until a decision to proceed is obtained from the project manager. This process minirnizes the chance of inwroducing
contamination to an undexlying, clean aquifer. ~

Soil cuttings are stockpiled on and covered with plastic sheeting to controt runoff, or contained in 55-gatlon D.OT.-
approved drums on site, Waste soil is sampled to chemically profile it for disposable, and hauled by a licensed waste

hauler to an appropriate landfill. All waste stored on site is properly labeled at the time of production.
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i1} angdpnme : ‘ : ;
Soil borings which are not 10 be converted into monitoring wells are sealed to the ground. surface-using neat cement
ot sand-cement slurry in accordance with federal, state and local regulations. Native seil may be used to fill the top
two to three fest for cosmelic purposes, as permitted. o .

Monitoring Well Installation
i & i ack ructi - ) o i
'All well construction is performed in aceordance with Department of Water Resources "Californja Well Standards™
and all requirements of Jocal oversight agencies. Soil borings to be converted into single-cased monitoring wells are
a punimum of eight inches in diameter for 2-inch diameter wells and a minimum of ten inches in diameter for 4-inch
dinmneter wells. Monitoring wells are constructed with schedule 40, threaded, polyvinyl chloride (PVC) casing unless
site geachemistry or contamination necessitates an altemative material. The wells are constructed with fastory-
slotted screen and thraaded end eaps. ) :

The screened interval is placed such that it extends approximately ten feet into the water bearing zone, and at least
five fect above the expected maximum water level. The scresned interval may extend less than five feet above the
maximum water level, only ta prevent intersection of the screened interval with the top of the confining layer of a
confined aquifer, or where the water table is too shallow to allow this construction, :

A, graded sand filter pack is placed in the annular space across the sereened interval and extended approximatély one to
two feet above the screen, as site conditions permil, so 2s to prevent extensian of the sand pack into an gverlying
water-bearing unit. The well screen slot size is the maximum size capable of retaining 90% of the filter pack.
».  sTypically; 0.010-inchuscreen-is. used:where. the formation is predominantly clay and/or silt or poorly-graded fine sand.
0.020-inch screen is used where the formation is predominantly well-graded or medium to coarse sand and/or gravel.

The filter pack grade (mean grain siz=) is selected according to native sediment type as follows: a) for poorly graded
fine sand or silt/clay - 4 times the 707 retained grain size of the formation b) for mediutn to coarse sand, gravel or
+:¢ well graded sediments - 6 times the 70% retained grain size. Since results of particle size analysis are not always
available, Clearwater often selects screen size and filter pack on the basis of general site stratigraphy, and specifically
the finest significantly thick layer of sediment to be screened. Commonly selected grades are Lone Star® 3,212 0r
2/16 (or equivalent) with 0.020-inch slotted screen and Lone Star® 1/20 with 0.010-inch stotted screen.
A minimum two foot seal of bentonite is placed above the sand pack. The bentonite seal is hydrated by either
formation water or potable water., Neat cement or 2 coment/bentonite grout mixture seals the remaining annular
space to the surface. If bentonite is used in the grout mixture, it does not exceed 5% by weight. The grout is placed
using a tremie pipe, if the top of the bentonite is more then 20 feet below grade, or if water is present in the boring
above the bentonite seal. A watertight locking cap and protective uaffic-rated vault box is installed on top of each
well. Well construction details are presented on the Field Exploratory Soil Boring Log. Following comgpletion of 2
well, Clearwater completes and-submits, Or snsures that the driller has sufficient information to complete and
submit, the stats-required Well Completion Report or equivalent document. s

Well Development \

All newly installed wells are developed prior © sampling to remove fine grained sediments from the well and
stabilize the filter pack and the distusbed aquifer materials. Development takes place prior 10 or at least 24 hours
after setting the seal on the well, unless otherwise directed by a local oversight agency. Well development consists
of surging with a surge block and removing water from the well with either a pump or bailer, until the well is free
of sediment, or until at least 10 well casing volumes have been removed. Depth, to bottom is measured 19 determine
casing volume, If the well is sampled immediately following development, temperature, pH, specific conductance
and wrbidity (qualitative) are menitored during well development (see section "Croundwater Sampling"). All
development equipment is cleaned prior 10 use and betwesn wells with an Alconox® solution, then rinsed in potable
water. All data collected during development ase recorded on the Well Development Data Sheet and, if necessary, the
Purging Deata Sheet. , :
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Well Surveying

All well elevations are surveyed at the north side of the top of casing to the nearest £0.01 foot., The exact survey
point (at the center of the survey rod or, if the casing swb is uneven, the point of contact between casing and rod) is
clearly marked and maintained on the casing rim. Elevations are raferenced either o mean sea leve) or 1o & project
datum. A project dawm is typically chosen 50 as to minimize the possibility of its’ later disturbance. For instance,

fire hydrants are commonly selected. Where tequixed, the wells are surveyed by a licensed land surveyor, relative to
mean sea level. .

Groundwater Sampling

Prior to beginning, 2 decontamination ares is established. Decontamination procedures consist of serubbing
downhole equipment in an Alconox® solutos wash (wash solution is pumped through any purging pumps used),
and tinsing in & first rinse of potable water and a second rinse of potable water or dejonized water if the laiter is
required. Any non-dedicated down hole equipment is decontaminated prior to use.

Prior to purging and sampling 2 well, the static water level is measured to the nearest 0.01 fest with an ¢lectronic

‘water-sounder. Depth to bottom is typically measured once per year, at the request of the projest manager, and

during Clearwater's first visit to a site. If historical analytical data are not available, with which to establish a

reliable order of increasing well contamination, the water sounder and tape will be decontaminated botween each well.

1f floating separate-phase hydrocarbons (SPH) are suspected or observed, SPH is collected using a clear, open-ended

product bailer, and the thickness is measured to the nearest 0.01 feet in the bailer, SPH may elternatively be

e gemmeasured: with'an electronic interface. prober. Any monitoring well containing a measurable thickness of SPH before

or during purging is not additionally. purged and no sample is collected from that well. Wells containing a
¢+, hydrocarbon sheen are sampled unless otherwise specified by the project manager. Field observations such as well.
. integrity as well as water level measurements and floating product thicknesses are noted on the Gauging Data/Purge -
Calcujations form. e : '

Well Purging . .

. Each monitoring well to be sampled is purged using either a PVC bailer or a submersible pump. Physical
paremeters (pH, temperature and conduectivity) of the purge water aré monitored duting purging activities to assess if

- the-watee sumple coliected is representative of the aquifer. If required,; parameters such as dissolved oxygen, urbidity,
salinity ete. are also measured. Samples are considercd representative if parameter stability is achieved. Stability 13
defined as a change of less wa 0.235 pii units, Jess than 10% change in conductivity in micro mhos. and less than
1.0 degree.centigrade (1.8 degrees Fahrenheit) change in temperature. Parameters are measured in a discreet sample
decanted from the bailer separately from the rest of the purge water, Parameters are measured at least four times
during purging; initially, and at volume intervals of one well volume, Purging continues until three well casing
volumes have been removed or until the well completely dewaters, ‘Wells which dewater or demmonsate a slow
recharge, may be sampled after fewer thas threc well volumes have been removed. ‘Well purging information is

" pecorded on the Purge Data sheet. All meters used to measure parammeters are calibrated daily. Purge water is sealed,
labeled, and stored on site in D.Q.T.-approved 55-gallon drums. After being chemically profiled, the water is
removed to an appropriate disposel facility by a licenscd waste hauler.

1

nd C
Groundwater samples are collected immediately after purging or, if purging rate exceeds well recharge ratg, when the
well has recharged to at least 80% of jts static water level. If recharge is extremely slow, the well is allowed 10
recharge for at least two hours, if practicadle, or unti] sufficient volume has accumuiated for sampling. The well is
sampled within 24 hours of purging of repurged. Samples are collected using polyethylene bailers, either disposable
or dedicated to the well. Samples being analyzed for compounds most sensitive 10 volatilization are collected first.
‘Water sampias are placed in appropriate laboratery-supplicd containers, labeled, documented on 2 chain of custody
form and placed on ice in a cooler for ransportioa state-certified analytical laboratory. Analytical detectian limits
wnatch or surpass standards required by relevant local or regional guidelines.
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Quality Assurance Procedurss a
To prevent contamination of the samples, CGI personnel adhere to the following procedures in the flald:’

« A new, clean pair of latex gloves are put on prior to sampling each well.

- Walls are gauged, purged and groundwater samples are collected in the expected order of increasiﬁg degree of
contamination based on historical analytical results. - :

o Al purging equipment will be thoroughly decontaminated between each well, using the procedures previously
descbed at the beginning of this section. ‘ :

»  During sample collection for volatle organic analysis, the amount of air passing through the sample is
minimized. This helps prevent the air from stripping the volatiles from the water, Sample bottles are filled by
slowly running the sample down the side of the bottle until there is a convex meniscus over the mouth of the
bowie. The lid is carefufly screwed onto the bottle such that no air bubbles are present within the bottie, If a
bubble is present, the cap is remaved and additonal water is added to the sample container. After resealing the
sample container, if bubbles still are present inside, the sample container is discarded and the procedurc is
repeated with a new container. -

Labora.tory and field handling procedures may be monitored, if required by the client or regulators, by including

quality control (QC) samples for analysis with the groundwater samples, Examples of different types of QC samples
are as follows: ' .

.... * . .Trpblanks are prepared.at the-analytical laboratory by laboratory personnel to check fisld hapdling procedures,

Trip blanks are transported to the project site in the Same manner as the laboratory-supplied sample containers to
be filled. They are not opened, and are renurned to the laboratory with the samples collected. Trip blanks ave
analyzed for purgable organic ¢o tnpounds. N
. » - Equipmuent blanks are prepared in the field to determine if decontamination of field sampling equipment has been

effective; The sampling equipment used to collect the groundwater samples is rinsed with distiiled water which

is then decanted into laboratory-supplied containers. The equipment blanks are transported to the laboratory, and
are analyzed for the same chemical constituents as the samples collected at the site.

+  Duplicates are coliected at the same time that the standard groundwater samples are being collected and ace

- - ~analyzed for the same. compounds in order to check the reproducibility of laboratory data, They are typically
only collected from one well per sampling event. The duplicate is assigned an identification number that will
not assogiate it with the source well, ‘ .

Generally, trip blanks and field blanks check field handiing and trapspartation procedures. Dupﬁcéites check

laboratory pxocedures. The configuration of QC samples is determined by CGI depending on site condidons and
_ regulatory requirements. ,
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Natural Attenuation Processes and Recommended Monitoring Guidelines

P.16/5

‘The following document details the processes involved in the natural attenuation of petroleuin hydrqcarbo:ms:in soil
and groundwater and prosents recommendations for monitoring and confirming these processes. By confirming

patural attenvation, a conceptual basis is provided for regulatory site closure.

Natoral Attenuation FProcesses

The predominant attenuation process is intrinsic biodegradation {zerobic and anagrobic) mediatefd by hydr

degrading bacteria. Other factors in natural attenuation include physical and chemical processes &

geacbon
uch as

volatilization, dispession, sorption and hydrolysis. Unless otherwise referenced, the following informmation was

derived from McAllister and Chiang (1994).

.

The aerobic process is the most important form of biodegradation wherever DO concentrations exceed 1 to2 mg/.
Under hypoxic conditions 0.1 w2 mglL DO), acrobie degradation may 0ccur along the edges of the plume while

anearobic degradation predominates in the center of the plume,

1n aerobie respiration, microbes atilize dissolved oxygen (DO) as an electron-aceepLor dusing hydrosarbon exidaton
(degradation), producing carbon dioxide, water, aad microbial biomass. The electron acceptor is a substance that
facilitates the reaction by taking up the electrons released by oxidation; the electron acceptor then becomes reduced

during the process of biodegradation.

Py

€
(1 . .

Microbes may also degrade hydrocarbons via anaerobic processes by utiliziug alternate biochemiical pathways when
DO concentrations are insufficient for acrobic degradation. Anaerobic gegradation is much slower then thie agrobic,
process and not all BTEX compounds (benzene, toluene, ethylbenzene, and xylenes) are consistently degraded.” Some
studies indicate benzene is recalcitrant to angecobic degradation while others have demonstrated limited dg gradation
(Rifad et al, 1993). Anaerobic degradation generally occuss in the center of the plume where DO has been depleted by -

aerobic degradation. Research into the efficacy of anserobic processes is ongoing.

Anaerobic clectron aceeptors include [in order of sequential use and decreasing redox potential EmL

+  pitrate (NO37),

«  oxjdes of ferric iron Ee>h,
v sulfate (S04%7),

s waler,

The assoclated biochemical processes arei denitrification (or nitrate reduction), iron raduction, sulfate reduction, and
methanogenesis. Manganese (Mn‘*"‘) may ulso function as an electron acceptor, Nitrate and sulfate reduction do not

degrade alkanes such s methane, propans, and butane,

Volatiljzati

Dissgived plume mass can be reduced by volatilization of contaminants to the vapor phase in the unsatarated zone,
Normally volatilization is 2 negligible comgonent of natural attenuation, hawever, it may contribute 3% or more of

total mass loss in shallow (<15 feet), warm and/or fluctyating water (able conditions in permeable soils (Rifaj et al,

1993).

Mechanical/molecular mixing reduces dissolved concentrations, substantially by lateral spread. ‘No dissolved
contaminant mass is removed from the system by this process. Dispersion (D) is generally medeled based on the
length of the plume {(x). Conservative practice calls for dispersion in the downgradient. direction (longitudinal
dispersivity, Dx) to be equal.to 0.1 times the plums length (x). Dispersion in the transverse direction (transverse
dispersivity, Dy) is equal to 0.33 tmes Dy dispersion in the vertical direction (vertical dispersivity, Dz) is equal to

0.05 times Dy (Connor, et al., 1995).
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Con.taminants pactition between the aquequs phase and the seil matriz. Adsorption onto the soil :‘surface
sigmfi_.canny retards migration but does not permanently remove BTEX which may desosb Jater. Carbon is the most
effective sorption material in soils, and although clay minerals and amorphous minerals such as iron hydroxjdes also

have some influence, only sorpton to carbon in soil is included in most contaminant fate and trapsport computer
models. ‘ i

Sorption is controlled by the organic carbon content of soil (foc), the chemical specific organic catbon partition

coefflciont (Koc), the sil bulk density (ps), and the water content of the soil (#s) (Table 1). Kog is a measure of the

affinity of a given chemical to sorb from water onto solid organic material. Once the porosity; bulk density, Koc,
and foc have been establishied, the retardation factor (R) fos the site can be calculated as follows: - ‘

R (1 + ks * ps/Ps) where: kg = fos » Koc

“The retardation factor js used in transport models (discussed below) as 2 messure of the degree to which the rate of
plume migration is reduced by sorption processes. :

[+ .
Other chemical reactons such as hydrolysis may reduce contaminant mass without microbial mediation. Hydrolysis
occurs when an organic molecule reacts with water or a component ion of water. Unlike biodegradation, hydrolysis
is not catalyzed by microorganisms. Hydrolysis has not been observed to reduce BTEX concentrations, but is
significant for halogenated volatile organics (solvents, etc.).
Monitoring Groundwater For Natural Attenuation ’ :
Assessment and monitoring of natural artenuation should be performed to confirm that intrinsic bicremediation and
other forms of natural attenuation are oceurring in the subsurface and are sufficient to limit plume migration by

. . achieving an equilibrium between hydraulic transport (advection) and removal/degradation/reduction of mobile

contaminants, To confirm natural attenuation, it needs to be demonstrated that {ntringic factors are limiting
migration, and that they will continue to do so until the plume has degraded to acceptable levels.

Natural attenuation can be evaluated by monitering specific indicator parameters over a given period of time. As
further conficmation, simple fate and transport models can be applied w0 the site using the site-specific information
obtained. Several lines of evidence will generally need to be combined to provide a convincing casz of natural -
attenuation. [First, it is necessary to establish that the plume is stable or being reduced in terms of size and
concentrations, by review of historical data, possibly including statistical analysis. At lgast one year of monitoring
data utilizing an adequate distribution of wells should be sufficient. For all chemical parameters, background
concentrations need to be established by samnpling one or more clean wells. In addition to plome congentralions,
Rifai et al., (1995), recommends, at 2 minimum, monitoring the following parameters: o

»  Microbial enumeration [total heterotrophic bacteria (plate count),
and totel hydrocarbon using bacteria (ASTM method G-2)).

. Temperature (field measurement) ‘

. pH (field [Reasurement)

- Dissolved Oxygen (fleld measurement ot EPA Method 360.1)

If DO i3 depleted relative 10 background concentrations, additional monitoring for anagrobic p:océsses may be
considered and should include the following:

Eh (field measurement)

sulfate (EPA method 300 or 375.4)

Nitrate/nitrite (EPA methed 300, 353.1 or 333.2)

Dissolved iron (EPA method 200.7)

Total ivon (EPA Method 236.1 oc €010). ~ .
Methane (field measurement) : ‘
Alkalinity (EPA method 310.1) . '
Dissolved carbon dioxide (with alkalinity or method SM406C)
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Certain parameters, uotably DO and Eh, may be measured In the field using downhoie metgrs‘.f: Most of ﬁxe other
parameters require laboxatory analysis of a groundwater sample for accurate quantification. Trends in 'methane
concentrations may be identified using an organic vapor meter fitted with an appropriate filter at the wellhead.

The combination of parameters that Clearwater will monitor at & particular site will depend
conditions and previous site investigation. The mini 58 . =fine Rifai

on site-specific
~will al

(1641 ) ok

The following sections provide a detailed description of monitoring methods and anticipated results for indicator
parameters outlined above. . ‘ .

Hydrocarbon degrading bacteria are generally ubiquitous; however, the tota} population of mitrobes (measured in
counts per lter) is dependent on the available energy source -(ie., hydrocarbons). To evaluate' natural agenuation,
microbial counts should include separate enumerations for hydrocarbon degrading bacteria and for total hetérowophic
bacteria, both normally obtained from cultured plate counts. The ratio of hydrocarbon degraders to total heterotrophs
is the most useful in assessing natural attenuation. This ratio should be relatively large in samples from
contaminated wells, compared to the ratio in samples from clean wells, indicating a proliferation of the indicator
species in contarninated areas, independent of overall microbial population variations. Such 2 distribation of bacteria
may require 1 to 2 years to become established once hydrocarbon contarmination is present. ‘As further confirmation,
it may be useful to establish that sufficient concentrations of microbial nutrients such as nitrogen and phosphorous
are present in the subsurface. N

Groundwater typically contains total microbial counts of 10° 10 10® counts per liter. Lower counts in contaminated
areas may indicate toxic conditions. In sites with organi¢ rich soils, microbial populations may be high but
hydrocarbon degradation may be inhibited because the microbes preferentially degrade the naturally occurring carbon
compounds found in the soils (Cookson, 1993). - . :

pH is best measured with a meter or by coilecting & sample for laboratory analysis. The probe.portion of pki meters
must be ragularly cleaned and periodically soaked in solutions designed to remove ol and protein build up; Lowerad
pH corresponding spatially to the plame may b indicative of the production of crganic acid metabolic end-products
of serobic hydrocarbon degradation. Uncontaminated groundswater is commonly slightly alkaline, but pH varies
widely depending on many natural and human iofluenced factors. pH between 6 and 8 is optimal for BTEX
degradation. ‘ a -

A .

Eh is a measure of electron activity within a solution. Each pathway of degradation is generally resf:ricted wa
prescribed range of Eh values. Hydrocarbon degradation reduces the Eh of the system in which it occurs, uniess the
graundwater recharge rate exceeds the utilization rate of the electron ecceptor (this is normally not the case since
mixing is limited). Once an electron accepror has been wtilized and thereby deplsted in the sysiem, Eh conditions
determine which next electron acgeptor in the sequence will become predominant. :

I

The utility of Eh measurement is as an adjunct to electron acceptor concentration measuremnents (discussed below),
Eh must be measured in situ to avoid atmospheric influence as described in the section on DO sampling. Eh units
are millivolts (mV). Decreased Eh should coincide with elevated cantaminant concentrations, and depleted DO. Very
tow Bh (reducing conditions: <0 mV) should coincide with depletad anaerobic electron acceplors. ‘Table 2 presents
Eh values typical of each biodegradation pathway. ; -

W [=(d . .
DO is best measured with a downhole mster measuring in mg/L. Some meters also read DO as a percentage of
saturation at a given tcmperaturs, however, the volumetric concentration has more uulity in fate and transposrt
models. Measurement of DO and Eh are both sensitive to several factors associated with field methodologies,
particularly sxposure 1o atmaspheric oxygen; hence the preferred use of a dowphole meter. It is necessary to strictly
adhere to instructions provided with a given model of instrument. DO meters function by permitiing a small
quantity of oxygea {0 diffuse across a porous membrane. Consequently, it is pecessary [0 keep water moving in the
vicinity of the membrane to prevent a depletion of DO immediately adjacent 10 the membrane, This can'be achieved
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manually; by a gentle raising aod lowering of the meter in the well. The membrans is delicate and must be edrefully
maintained. ‘ . o

A negative correlation should occur between DO concentrations and hydrocarbon concentrations, Background
concentrations should exceed 1 to 2 mg/L for effective aerobic degradation. DO in groundwater is derived from the
atmosphere at the recharge acea or the vadose zone, Surface water saturated with oxygen by contact with atmaspheric -
air will contain between approximately 7.5 mg/L at 5°C and 12.75 mg/L at 30°C, though these figures may vary -
somewhat depending on other chemical parameters. DO concentrations in groundwater are generally less than those
for surface warer by an amount dependent on the quantity of oxidizable materials (¢.g. sulfides) in contact with the. .
groundwater, and the length of time the graundwater has been stored in the aquifer. Background groundwater DO
coricentrations in shallow aquifers can be as high as. 12 mg/L in warm conditions or as low as | mg/L in.cool
conditions. (Hem, 1985). DO may be increased by local groundwater recharge (2.2. irrigation). Aerobic degradation
typicaily occurs when Eh is approximstely +800 mV (discussed below), )

Loe

Analysis of water samples for nitrate, dissolved iron, andfor sulfate can provide data indicative of intrinsic
bioremediation. The higher the background concentrations the beter, unless they are 50 high as to create toxisity for
ihe microbes or exceed water quality standards, Depleted dissolved electron acceptor concentrations (except iron, see
below) in areas of high hydrocarbon concentration are indicative of microbial degradation,

Nitrate. Nitrate concentrations may be derived by analyzing nitrate plus nitrite as N (EPA Method 353.2). This
laboratory method calculates total nitrate, since nitrite is metastable in groundwater and seldom present in sufficient
quantities to affect the lonic balance (Wiedemeier ot al, 1995). The bulk of nitrates in groundwater are derived from
human contamination (e.g.. agricultural runoff/septic systems). Background concentrations vary’ widely with human
activity in the site vicinity, and would otherwise be commonly less than 1 mg/L. Congcentrations considered...
indicative of a significant biodegradation capacity might be those in excess of 20 mg/L.. Denritrification/nitrate

reduction typically occur when Eh is approximately +750 mV (bwt more than 0 mV),

1
|

- Iron. Laboratory analysis of iron concentration may te accomplished by collecting en unfiltered groundwater sample
to obtain the total iron content (precipitated and dissolyed), or by passing the sample through-a 0.45 micron filtee
immediately after collection to obtain the dissolved iron concentration, Iren in groundwater is derived primarily from.. -
soil mipexals: Dissolved iron concentrations are very seusitive to changes in pH and redox potental (Eh). Free
dissolved ferric iron can only exist stably under extremely acidic conditions (pH<2) (H{em, 1985). Ferric iron
reduction to ferrous iron oceurs at intermediate Eh values. Under aerobic, moderately acidic or alkaline conditions,
dissolved iron is typically present as a hydroxide; the ferric species is ferric orthohydroxide (Wiedemeier et al, 1993).
Dissolved ferric iron is usually rapldly reprecipitated a5 a suifide, oxide or tiydroxide. Since microbes utilize
insoluble sedimentary ferzie iron-oxides as their energy source, producing more soluble ferrous iron, an ingreasge in
total dissolved iron is indicative of microbial hydrocarbon degradation. ) ¢

The solubility of ferrous ixon is significantly reduced by the presence of sulfides; the end-product of sulfaté reduction
(Barker et al, 1995). Analytcal results of dissolved ferrous iron concenration will likely be an underestimate, since
it is not based on the actual amount of ferric hydroxide (the glectron acceptor) present in the aquifer, but the amount
of reduced ferrous iron (the end-product) remaining in solution at the time of sampling. «

Typical background concentrations of total dissolved iron in groundwater are below 1.0 mg/L: Results in excess of
1.0 mg/L indicate iron-reducing condidons (Cookson, 1995) which may have resulted from anaerobic hydroearbon
degradation. High dissolved iron concentrations may also indicate the presence of very fine particulates, low pH. or
high organic content. High organic content induces stability of soluble iron complexss (Hem, 1985). Measurement
of the total tron content of a sample is useful as 4. background darum against which to compare changes in the

dissolved concentration.

_ Sulfate, Sulfate is derived primexily from s0il minerals. The cccutrence of sulfate reduction may be inferred from the
presence of black acid volatile sulfide deposits on materials ie Jong-term comtact with contaminated groundwater
(Barker et al, 1995). Pyrite may be precipitated in the soil. Sulfate concentrations in groundwater ate naturally
higher than those for nitrate. Sulfate concentrations of 100 mg/L might be considered moderate and several hundred
mg/l. iz not nPCOMMOn. Concentrations below 40 mg/L. are indicative of methanogenic conditions (Cookson,

1993). Sulfate reduction typically ocours when Eh is approximately -200 mV.
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Methanogenesis, Under msthanogenic conditions (Eh of apprloximately -250 mV), carbon dioxide and meﬁiane are
both praduced by hydrocarbon oxidation, The utility of measurement of these compounds is discussed below
(metabolic end-produgts). ' :

One of these assogiated analyses is typically conducted at the laboratory on collected water samples. [ncreased
oarhonate concentration will commonly occur where acidity dissolves carbonates from the soil. Sufficient
concentrations of carbonate will buffer the pH and prevent acid {oxicity that may result from hydirocarbon
degradation. Total alkalinity (as carbonate) conceatrations exceeding 100 mg/L may be considered conducive to
effective buffering. Dissolved carbon dioxide may be assessed in conjunction with total alkalinity. analysis.

Metabolic end-products of hydrocarbon biodegradation include carbon dioxide, water, nitcogen, nitrites, feirous iron,
sulfites, sulfides, hydrogen sulfide, and methane. Catbon dioxide, hydrogen sulfide and methans may be measured
with a gas meter at the wellhead. Reduced ferrous iron, sulfite and sulfide may be analyzed in water samples.
Sulfides may precipitate into the soil and be under-represented in groundwater samples. Nitrite is metastable and
therefore nitrite detection (generally <0.1 mg/L) is indicative of ongoing denltrification. Ammonium jons in excess
of 1.0 mg/L. may also be indicative of anaerobic condidons. Elevated concentrations of all metabolic end-produsts
should corretate positively with elevated hydrocatbons. ‘

Fieid measurement of dissolved carbon dioxide (DCD) is of secondary importance but may provide useful data.

Dissolved carbon dioxide is derived primarily from the atmosphere. Blevated DCD) spatially correlated with decreased

DO concentration, may be indicative of aerobic microbial hydrocarboa degradation as DCD is a metabolic end-

product. Elevated DCD may also result from anasrobic degradation. High background DCD is a desirable feature in

terms of the capacity of the groundwater to buffer decreases in pH produced by microbial hydrocarbon degradation

which may otherwise limit biological activity. Carbon dioxide is more soluble than oxygen and average
* eoncentrations are around an order of magnitude higher. :

Contaminant Fate and Transport Modeling : :

Plume transport can be modeled using simple anafytical equations. Transport assuming no attenuation can be

modeled and the results compared with field data to pravide a preliminary indication of the extent of natural
. . attenuation, Transport models can be modified.to include varicus natural attenuation factors based on actual site data.

Comparisot of these modeling results to actual field resulis can be used to copfim natural attenuation.

To model plume transport, the following basic site characterstics need to be determined:

Historical dissolved hydrocarbon distibution
Hydraulie conductivity

Soil density/porosity

Aquifer thicloress

Groundwater gradient/depth fluctuations
Possible preferential migration pathways
Organic content of the soil, foc.

» 4 4 T e & &

Laboratory analysis of soil samples may be necessary to establish foe, which is useful for modeling sorption.
Hydraulic conductivity may be obtained as an estimate from the literature based on soil type (for homogenous
lithologies), or by performing an aquifer test (slug or pump).

For plumes under steacdy-state conditions, contaminant transport models such as the Domenico Transport Equaton
(Appendix A) can be modified o include the processes: of dispersion and sorption to predict contaminant
concentradons at a given distance from the source {Connor et al, 1995), In addition, biological and chemical
degradaton may be collectively modeled by a first-order decay function requiring assignment of a literature-based
decay half-life value (in days) for each contaminant. Cansecvative decay half-life default values from Connor et al
(1995} are provided on Table 1. Alteratively, for most realistic results, biodegradation may bz modeled based on
actual concentrations of electron acceptors, by determining the biodegradation capacity for each electron acceptor and
contaminant concentration (Connor et al, 1595). ‘

!
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- The biodegradation capacity is a msasure of the actual potential of an electron aceeptor (n) to remove contaminant

mass. The BCh, is caleulated for aach contaminant and electron acceptor by dividing the concentration of the acceptor
in the groundwater by its’ udlization factor (UFy). The UF, can be easily derived from the stoichiometric equation
for the particular degradation reaction and represents the ratio of mass of electron acceptor utilized to the mass of
hydrocarbon degraded (Wiedemeler, 1995). Values of UFn for benzene for each pathway are presented in Table 2.
The sum of the BCy, values obtained for the principal electron acceptors is the total biodegradation capacity of the
groundwater (BCypy (Connor et al, 1995). This datum is necessary in contaminant fate and {ransport models to
realistically evaluate the potential for plume attenuation resulting from intinsic biodegradation. '

MTBE is almost completely recalcitrant to biological degradation and does not sorb onto the soil. Due to these
properties, MTBE concentraions generally mimic non-attenuated plume wansport. Therstore, MTBE may be used as
a conservative tracer or “internal standard" for modeling plume transport with no attenuation. ‘

Confirming Natural Attenuation

To best confirm natuzal attenuation in anticipation of site closure, the assessment and monitoring activities should
confirm the following plume characteristics: '

D Fieldscale contaminant mass has been reduced (based on historical groundwatsr analyses)
2) ‘Microbial activity is occuring in the plume (based on microbial counts)
3 The less recalcitrant compounds are reduced in concentration and extent relative to the more rgcialcitrant

compounds. The approximate order of increesing recalcitrance for BTEX aromatics is: toluene, p-xylene,
m- and p- xylene, benzene, ethylbenzene i.e. toluene concentrations should be most attenuated; ethylbenzene

least attenuated.
3) Blectron acceptors such as DO, nitrate and sulfate are depleted within the plume
4y - ~Matabolic end-products such as carbon dioxide, hydrogen suifide and methane have accumulated within the

plume relative to outside of the plume.
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" Table 1
SELECTED PHYSICAL PARAMETERS OF CONTAMINANTS

Data afier Amantham and Sathotea, 1996

Mokecular FOD Partition Henry's Vapor _ Diffusion
Wieght Coefficient Caelficient (Xoc) Salubility Constant {F) Pressure {20°C) Coefficient (H20)
{p/mole) {Days) {mL/g) {mg/L) (H20/L-aic) {atm) {rm/s)
Nenzene ‘73 720 38 1800 0.2 0.125 L.IJE-05
Taluene 92 : 28 135 524 028 0.637 9.40E-06
Eihylhenzene 106 223 1250 206 0.32 0.0125 8.50E-06
Xylenes {latal) 186 360 240 200 0.29 0.0087 8.508-06
MTEE 38.15 60 1.15 48000 0024 . BJIE-06
" Eaplavation
g/mole geams per mole
mbL/g milfililers per gram
mg/L. milligams per liter
Al atmospheres
cmls square centimeters per second
MTBE Methy! tertiary buky! ether
FOD Ficst order decay
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Tabje 2

ELECTRON ACCEPTOR DATA
Chemical pacameters
indicating conducive Typical Background
Utilization Redox bicdegradatien Caoncentrations in
Eleciron Facior {UE} (1) Poteniial (2) conditions (3) Metabolic Groundwaler (4)
Acceptor Process () {mV) {mgfl) Products {mg/L)
Oxygen Aerobic Respir'n _ 314 +800 DO>1.0 CO02, 20 lic12
Nitrate Desitrification 490 +750 DO<1.0 (for alt anaerobic)  CO2, N2 or NO2 <t w100
Nitsate Reduction ’ High nitcatefaitite (<0.2) {lor2melis
likely due 10
. human activity)
Tron Iron Reduction 41.10 Intermediate £5) Fe24>1.5 €02, Fe2+ <l1010
Nitrate<0.2
NEH3=>1.0
Sulfate Sulfate Reduclion 4.60 220 Nitrate<0.2 €02, K28, SO3 I to several
Sulfite>0.2 HS hendred {rarely
NHI>LO several thousand}
Methane Methanogenesis 0.73. -240 Meibanz>1.0 co2, CH4 Dta>1(7)
{for waler) {6} Sulfate<4
Sulfite>0.2
NH3>1.9
Explanalion
DO Dissalved oxygen
mV millivolts
gle grams of electron accepior reduced per gram of benzene oxidized
mg/L milligrams per liter
) Calcnlated for benzene after Wiedemeier el al, 1993,
{2 Cookson, 1995
{3 . Values are as a puideline only, aflcr Caokson, 199§,
{4) Hem, 1983
(5). Conditions for manganese reduction are slightly more acroblc lhan lhose for fran.
" Dissolved Mn>0.2 mg/L indicative of Mn réduction. ‘ oo
(6) Methane is the ulilizable indicator of methanogenesis butisan end-pmducl For mcﬂ'sanuganesss the UF§ ss i
the ratio of product produced (methane) to benzene degraded.
N Best assessed by wellhead gas measarement,
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Tahled
ANALYTICAL /FIELD MEASUREMENT METHODS ’
Hold time,
Sample Sample approx. price
Analyte Method Technigue Container Preservation Tise.
Oayzen Field reading Downlole meter Provide consistent stirting
Nitrade Ficld reading Downhele meter
Nitrate EPA 300 or 352.1 lab 250 mL plastic or glass 4°C 48 hour hold, 315
Nitrite EPA M0 or354.1 lab 250 ml., plastic or glass C 48 hour hold, $25
Niteate/nilrite EPA 353.1 Colorimetric 500mL plastic 4°C, H2504 t4 day hold, §$20
Iron, tatal EPA 200.7 or SW 8010 ICP 100mL plastic 4°C, HNO3 unfileered
Yron, dissolved EPA 2007 or SW 6010  ICP 160mL plastic . 4°C,HBNO3 0.45 micron filier in field
- Sulfate EPA 3000r 3754 lah 250 mL plasiie or glass $°C 28 day hold, 520
Sulfide SW90200r EPA 376.1  Tiuimetric 250mL plass or plastic 4°C, Zn acetate + NaOH 7 day hold, $25
Redox Field reading Downhole meler Migimize atm. exposure
piL Field reading Downhole meter )
Temperature Field reading Downhaole meter
Conduciivity Ficld reading Downhole meter
Total hetevotrophs Plate Count Proprietary $45
Tatal H'c¢'n using bacteria Plate Count Proprietary $60
Chloride/Sulfate/Nitrate EPA 3000 ic 500mL plasic NA 28 day held
Hydrogen Salfide Gas meler Purged soil gas sample ’
Carbon Dicxide Gas meter - Purged soil gas sample
Melhane Gas meter Pusged soil gas sample .

" Fotal Organic Contend EPA 415.1 Oxidation/NDIR $S00mL plastic 4°C, B804 28 day hold, $30
Alkalinity ) EPA 318.1 Colorimetric (00mL plastic or glass 4°C 14 day hold, $16.
Hardness, dotal CaCO3 EPA 1302 Iab 250mL. ghass or plastic 4°C, 12804 or HNO3 6 month hold, $20
Amunoniuyn EPA 3503 lab 500mL plastic 4°C, H2504
Phosplioraus EPA 365.1 fab 100m! plastic 4°C, 2504 28 day hoid
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