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June 6, 1994
Project No. 107.20

Ron Goode Toyota
1825 Park Avenue
Alameda, CA 94501

Attn:  Mr. Len Goode

Re: Site Soil and Groundwater Bioremediation Workplan
Site at 1825 Park Avenue, Alameda, CA

Dear Mr. Goode,

This workplan has been prepared for the above referenced site. As you know, several phases of
work have been performed at this site. The proposed work is in response 10 a request frora the
Alameda County Department of Environmental Health (ACHD) for site cleanup.

Background

Two underground storage tanks were removed from the site on December 27, 1990 by Zaccor
Corporation. One 300 galion waste oil tank was located in the main building and the second 550
galion gasoline tank was located outside the building. Soit sample and analysis showed detectable
levels of oil and grease and Total Petroleum Hydrocarbons as Gasoline (TPHG) were below
detection limits.  Subsequent investigations be Zaccor and ACC Environmental Consultants
(ACC) defined the soil and groundwater contamination. The results of those investigation show
that TPHG and Benzene, Toluene, Ethylbenzene and Xylenes (BTEX) were the major contaminants
and the plume had spread under the site in broad front to the north. Minor amounts of oil and
grease are aiso preseni. Currently the ieading edge of the piume is just ofisite under Ciement
Avenue.

One groundwater monitoring well (MW-3) has consistently yielded inconsistent data, and is not
a reliable monitoring point. Two upgradient services stations (located about 350 feet away)
are known to have TPHG and BTEX contamination. The sites are prepared for cleanup however
conflicts have delayed the startup apparently due to concerns of deleteriously spreading the
plumes by pumping for capture and hydraulic containment.

The site owner intends to demolish part of the existing structure for future automobile retailing

purposes. The remedial action will coincide with the site renovation since the owner is under
time pressures to complete this project with limited financial resources.
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Technical Approach

The technical approach to this project is to build upon the previous work. The flat groundwater
gradient and sandy sediment under the site are favorable for an excavation and bioremediation
approach. The shallow groundwater, TPHG and BTEX contaminants and sandy sediment shouid
allow the biotogic action to occur in this semi-passive cleanup. The upgradient sites mentioned
above are apparemily reiuctant to start active pumping because of possible unwanted plume
movement at, or off their property. Active pumping at 1825 Park Avenue could induce similar
problems. Hence the approach will be to excavate the soil contamination and upper portion of
the aquifer to a depth of about 8- to 10-feet. The excavated soil will be stockpiled for aeration
and biotogic treatment on the surface, and the water wilt be recirculated in the excavation {pit).

Soil will be excavated to a depth of about 8-feet, or advancing the excavation about 2-feet into
groudnwater. During the excavation, the five hydraulic fifts and spotty contamination by oil and
grease will be excavated and segregated in soil stockpiles. One monitoring well, MW-4 will be
abandoned by digging it out. Excavation wili continue, removing obvious or suspected
contamination to the limits accessible (the edge of the office/showroom and Clement Avenue).

The groundwater flooding the pit by natural recharge will be inocuiated with a commercial
biologic product to enhance the hydrocarbon degradation. This approach has been used in
portions of the United States for years and material is attached regarding the biodegradation -
process. The groundwater will be recirculated and sprayed back into the pit o oxygenate the
water since oxygen is necessary for the process to attow the microbes 1o respire.  This will
continue for 7- to 14- days, when samples wouid be collected to determine contaminant
concentration. When the water was determined to be none-detected, it would be pumped out into
a surface holding tank for ultimate proper off-site disposal or approved recycled use.

The groundwater will be atlowed to reficod the pit carrying dissolved contaminants into the pit
where the process wilt be repeated. The water in the hoiding tank will be tested for TPHG and
BTEX and when those contaminams are not detected, the water will be recgcted?{as for
construction use). The approach is “passive” in that the natural recharging of aquifer water
into the pit will flush contaminants at the perimeter into the pit. It is currenily anticipated
that the biologic process will be compieted in two or three cycles (three to five weeks).
Following water treatment, the site wilt be backiilled an paved.

Data collected from existing well MW-3 has consistently displayed anomalous patterns of
results. Therefore, Well MW-3 wilt be abandoned following the excavation and water
treatment, and replaced. The replacement location wiil be moved to a point across Clement
Avenue. Site perimeter monitoring ‘wells will be regularly monitored.  Additional monitoring
wells may be installed at the owners discretion since plumes are known to be upgradient and
couid be migrating toward 1825 Park Avenue,

It is anticipated that the biologic cleanup will be effective, however, a “compiete” site cleanup
is ot envisioned. That is, as with ali cleanup technologies and approaches, some low leveis of
contaminants are anticipated to remain foliowing the work. It is estimated that at this site,
these concentrations could be in the range of one part per milfion TPHG, and less that 25 parts
per billion BTEX, or lower. However both TPHG and BTEX components usually decline to not
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detectable levels since the biologic process continues following active work. Consequently, at
least four quarters of periodic groundwater monitoring well monitaring is envisioned following
the soil and groundwater treatment.

Scope of Work
Field Activities and Methods - Excavation and Aeration

Soil will be excavated from the area of the former tank locations, under the building to the edge
of the office building and the northern side of the site along Clement Avenue. Shoring is
currently anticipated to be used to hold the excavation walls. The need for shoring
requirements will be made following a review by a registered civit engineer. Excavation will
continue to a depth of 8- to 10- feet below existing grade. The depth variance will be selected
during excavation if areas of contaminants are observed.  Currently, it is anticipated that about
2,500 cubic yards of soil will be excavated following building and pavement removal.
Contaminated soil wilf be aerated on-site under permits of the Bay Area Air Quality Management
Board. The excavated soil will be spread out in thin (about 12- o 18-inch lifts) on a plastic
liner, and periodically turned to allow aeration and biologic activity to degrade the petroleum
contaminants. Biologic products will be added to enhance the biologic activity and soil samples
will be collected to ascertain contaminant levels.

The stockpiled aerating soil will be tested by collacting soil stockpile sampies which were
analyzed by a certified analytical laboratory. Soil samples will be collected by pressing a clean
brass liner into the soil to a depth of about one foot, completely filling the liner. The liner will
then be removed, sealed, labeted, logged onto a chain-of-custody forms and packed in a chiiled
ice chest for transport to the laboratory. Once soils were tested as not containing contaminants,
the soil will be properly disposed off site.

Biologic Groundwater Treatment (Bio-Treatment Pond)

The area of the Bio-Treatment Pond {Pond) will the extent excavated to a depth of 8- o 10-
feet, penetrating 2- to 4-feet into the aquifer. If free-phase product is encountered, it will be
collected and properly disposed. A sump will be excavated in the middle of the pit, and lined
with a geotextite. A pump will be installed for the water recircuiation and directed back into the
pond by sprinklers. This will operate continuously for water oxygenation. The water will be
inoculated with a commercial biologic product (interBio L-104), which are naturally
occurring microbes adapted to use hydrocarbons as a “food” source. This will be done to the
manufacturer specification. As part of the process, the water will also be treated with nitrogen
and monitored with a kit the manufacturer supplies for this process.

Prior to initiating the water treatment process, the water will be tested to ascertain the
concentrations of TPHG and BTEX using a State certified laboratory using the methods discussed
below. As water is treated, it will be tested again following a “degradation cycle” which is
estimated to take 7- to 10-days. When analytical testing shows that contaminants are not
detected, then the water will be pumped out and the pond wiil be allowed to recharge, and the
process will be repeated. It is anticipated that two to three cycles of groundwater recharge,
treatment, recirculation and proper off-site disposal or use will be performed.
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Monitoring Well Destructions and Replacement

Two monitoring Wells are anticipated to be abandoned, Wells MW-4 in the area of proposed
excavation and Well MW-3. Well MW-4 will be destroyed by excavating out the well during the
soil excavation phase. Existing Well MW-3 will be destroyed by completely drilling it out and
backfilling the borehole with neat cement grout from the bottom to top. The abandonment will
be done under required permits of Alameda County Flood Control and Water Conservation
District (ACFCWCD).  Monitoring Wells MW-1 and MW-2 will be left in-place.

One exploratory boring for well MW-3 replacement will be drilled at the location shown on
Figure 1. Drilling and well installation permits will be secured from the ACFCWCD prior to
doing the field work. The borehole will be converted to a groundwater monitoring well. Al
driling equipment and sampling tools wiil be cleaned prior to arriving, and before leaving the
site. The augers will be advanced to the desired sampling depth interval, and a drive split spoon
sampier will be driven ahead of the drill bit. The sampler will then be retrieved and
dissembled, and the soil filled brass liner will be sealed with Teflon® paper and plastic
endcaps, labeled, logged onto chain-of-custody forms and place in a chilled ice chest.

The borehole will be logged using the Unified Soil Classification System under the supervision of
a registered geologist using the attached GTE Sampiing Protocol. Additional lithologic
information will be collected to describe the subsurface geology. Soil samples for logging will
be collected at five-foot intervals, at intervals of obvious contamination and at stratigraphic
features of interest.

One monitoring well will be instailed. The well will be cased with Sch. 40 PVC casing, threaded
together; giues will not be used. The siotted interval wiill be a 0.020 inch siot and the annular
space around the slots will be backfilled with a 2/12 size sand. Previous experience has shown
this to be a reliable well design in fine grained and stratified depositional environments. Final
well design will be modified to the site specific conditions encountered in the borehole during
drifling. Once the aquifer strata has been defined, the casing will be lowered to the bottom of
the borehote, leaving a stotted interval above the occurrence of groundwater to observe for
floating product. The sand pack will be pfaced to a point about two feet above the siots. A
bentonite seat will be placed atop the sand pack, and a cement grout seal placed atop the bertonite
using a tremie fine, filing from the bottom to top of the pborehole. A traffic rated weil head
access box and security device will complete the well.

Well Head Survey
All wells will be surveyed to mean sea level using a known datum and tied into the existing

survey for the site. This will allow accurate measurements and groundwater gradient to be
calcuiated.
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Monitoring Well Development and Sampling

All monitoring wells will be developed to remove the drilling muck, grade the sand pack and
provide a more complete hydraulic connection to the aquifer. The well volume wiil be calculated
and a number of those volumes will be removed until the water becomes clear and the amount of
sand pumped is minimal. The well will be allowed to recover for at least 72 hours prior to
sampling. A log of the development will be kept for each well.

Each monitoring weli wilt bs purged using calcuiated weli volumes based upon the depth to water
in each casing. Depth to groundwater measurements will be made to the nearest one-one
hundredth of one foot, and also checked for the presence of separate phase product. As each
purge volume is removed, measurements of pH, electrical conductivity and temperature will be
taken until these parameters stabilize, which is interpreted to be aquifer water entering the
casing. The sample will be carefully colfected with a clean bailer and poured intoc the
appropriate {aboratory prepared container with minimum cavitation. Each water sampile will
be labeled, logged onto a chain-of-custody form, and ptaced in a chilled ice chest. Upon
completion of the borehole sampling, the borehole will be sealed. Upon completion of weil
sampling, the wetll will be closed and locked and the sampler will move 1 the next sampling
point.

Chemical Analysis

Soil and groundwater samples wilt be analyzed at a State certified analytical laboratory. The
ultimate number of samples cannot be estimated at this time, however the number will be the
minimum to meset the regulatory requirements. Samples will tested for the following: Total
Petroleum hydrocarbons as Gasoline (TPHG), Benzene (B), Toiuene (T), Ethyibenzene (E),
Xyiene (X} and Gil an Gre?se {OG) using EPA Methods 3550, 3510/8015, 5030, 5520, and
8020. & Cldent 51

Soit and Groundwater Disposatl

Treated soil and groundwater will be stored on-site until the levels of contaminants have
declined t0 not-detected. At that time, they will be properly disposed off-site, or recycied. The
Regional Water Quality Control Board encourages water reuse of recycling as long as the
appropriate documentation and reuse are present and proposed. Documentation of haulers and
comrespondence and manifests will be attached to the final report.

Report

A report of the findings of this sife investigation will be prepared. The report will include the
field methods, permits, excavation observations, weil abandonment procedures and
observations, exploratory boring log, monitoring well construction details, soit and water
reatment length, chemical analytical data and report narrative. The narrative will include site
observations, soil and water disposal and documentation and estimates of effectiveness of
cleanup.
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Quarterly Reporting

ACC currently is performing the site quarterly monitoring. It is anticipated that ACC will
continue quarterly sampling and reporting until the request for site closure is made.

If you have any questions, please call.

Sincerely,
Gen Tech Environmental, Inc.

CERTIFIED

FREITERIG
GEOLGBIT

L

£ Solomon Christcpher M. Paimer
Principal C.E. G. 1262

attachments: Figure 1. Proposed Excavation and Biologic Treatment Pond Location
GTE Sampiing and Well Construction Protocol
InterBio (Soimar) Hydrocarbon Degrading Microorganisms Information

Reference
ACC Environmental Consultants report dated June, 1993 entitled, “Soil and Groundwater

Investigation Ron Goode Toyota 1825 Park Avenue Alameda, CA,” Project No. 6089-1, 11
pages with attachments.
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BIO~-TREATMENT PROTOCOL



BIO~TREATMENT PONDS

Bio-Pond Groundwater Treatment For Migration Control and Mitigation
of The Contaminated Plume:

The area of plume - as depicted in previocus studies - will be
excavated to approximately 8 to 10 ft. BGS. According to previous
reports, groundwater in the area is at a depth of 6 ft. to 8 ft.
below grade. During the excavation, free product (1L encountered)
will be skimmed from the ground water and appropriately disposed
of. 1In effect, at this point, we will have created a large pocol -
representative of the majority of the area of groundwater
contamination - and the groundwater in the pool will be exposed and
available for direct treatment.

Method of Initial Groundwater Treatment:

(In most cases) a sump will be dug into the center of the pit
and lined with geotextile fabric. A pump will be installed
and plumbed such that water pumped from the pool will be
circulated through a sprinkler system and directed back into
the pond. The sprinklers will be located within the
excavation pit. During the treatment of the water, these
sprinklers will ©be operated continuocusly, providing
oxygenation and circulation of the water. The groundwater
in the pond will be inoculated with Microorganisms (bacteria)
specifically designed for hydrocarbon degradation. This
inoculation will be made to an exact standard deemed
appropriate through proper studies of the water at the subject
site. During the inoculatiocn -~ as part of the inoculation
process, the water will be rreated with nitrogen and checked
for a proper balance of nutrients necessary to support active
growth of the bacteria.

Water Treatment System Operation:

Prior to initiating the treatment process, water samples will
be obtained from the pond and tested at a State Certified
Analytical Laboratory £for the presence of TPH and BTEX.
Additional field tests will be performed periodically to

determine the effectiveness of the process. After
inoculation, the circulation system will be permitted to
operate through the treatment cycle. Our estimate is that

each degradation cycle in this case will be 7 to 14 days under
reasonable conditions. Samples of the water will be taken and
lab tested after each cycle to prove successful degradation
of the contaminants. Once this is determined, the clean water
will be pumped from the treatment pit into water trucks where
the cleaned water can be used for purposes of irrigation (or
other approved alternate uses).



Disposal of the water will be done under sanction of a waiver
from the Regional Water Quality Control Board. Each pumping
of the pit will create a temporary cone of depression in the

natural ground water level. As the water in the pit
redevelops, contaminates from outlying areas will be drawn
into the pit. The cycle of decontamination will again be

initiated, and then repeated as many times as is necessary to
produce consistently clean groundwater.

Decontamination of Affected Soils:

Soils taken from the excavation pit and found to be contaminated
will be handled in the following manner:

The soil will be run through a Screen-All system to provide uniform
breakdown and aeration of the soil. The soil will be fertilized
and treated with microorganisms and growth enhancers as it is run
through the screening system. The contaminated soil will be spread
throughout the treatment and tilled reqularly. Field tests cf the
soil will be performed regularly. When the soil is successfully
decontaminated, soil samples will be taken and submitted fer
certified laboratory testing to prove the decontaminaticn success

" {less than 10 PPM).

Backfill, Compaction, Resurfacing:

The cleaned soil will be used along with the overburden soil to
backfill the excavation areas. Soil will be placed in 1 ft. lifts
and compacted to at least 90% ASTM up to sub-grade. If desired,
compaction tests will be performed to verify gectechnical
engineering specifications. The surface areas where concrete was
previously removed will be re-poured with reinforced concrete of
similar thickness to what was originally removed. Asphalt areas
will be resurfaced with thickness alike to what was removed. A
minimum of 6 inches of base rock will be used to form a base for
the asphalt.

Reports and Documentation:

A1l phases of work included herein will be professionally
documented. A professional Technical Report will be written by a
Certified Engineering Geclogist for submittal to the Alameda County
Water District and Regional Water Quality Control Board.

Site Restoration:

The site will be thoroughly cleaned and restored after the project
is completed.
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ENHANCED BIODEGRADATION OF ALIPHATIC AND
AROMATIC HYDROCARBONS THROUGH BIOAUGMENTATION

gY

R.B. *Jones” Grutbs

AS PRESENTED TO THE 4TH ANNUAL
HAZARDCUS MATERIALS MANAGEMENT
CONFZRENCEEXHIEBIT

June 2-4, 1286

Atiantic City, New Jersey

Cogyright 1986
oy R.B. Grubbs



INTRODUCTICH

The use of bistechnology te alleviate many of the cu
is here. There has certainly been no shortage of

predictions of the huge potentizl of biotechnolo cularly in medicine
and agriculture. I& can spur Lne imagination in ail as Srom soliving the
world's hunger, health and pollution problems to cresting U iresded andromeda
strain. Sometimes thougn, the mediz seems SO caught up in dreaming of the future
that we neglect to lock at all the gocd work going on now. This is the ares
which I wish to address today; particularly of how bicaugmentation is being suc-
cessfully used in the treatment of hydrocarben and chemical wastes.

~ant environmental problems
s, promises and hype

HISTORY

Cormmerc-al bacterial formulations have been used with petroleum wastss for sever
years., 1n 1968 the Queen Mary was, brought into Long Beach Harbor to be convert
to z museum and coavention center.C Some 8,000 tons of machinery had to removed.
The 8C0,000 gallons of oily bilge water posed a real fire hazard. It contained
neariy 20% lubricating oil and waste fyel, Througn the use of bicaugmentation
the fiash point of the bilge water was raiged sufficiently that the Long Beach
Fire Desartment approved the use of acetylene torches within 18 hours afrer bac-
rerizl ‘anoculation. Within six weeks the bilge water was sO purified that it
coula be discharged inte the hardor. The program removed 160,000 galloas of
hvdroczsrbons. )

al
gd

b-i
a1
-

£3 several srograms were undertaken to clean up various cil-production sites
ching from Venrtwrs, California to Santa Maria, California. At one site
“e Home Stake Production Company, 33,336 gallons ?g heavy, tar-like oil were
sted by baczerial supplements in & pond system. Other disposal methods
s trued without success. the oily waste was SO viscous that vacuum LIUCKS
- ot he used. Thera was iansufficient volatile matter to ailow incinerztion.
nev nad alsa attsmprad o £i1l the waste into the soil, but salar warmth causad
the o1l to bleed back to the suriace.

a. o 01
noer

-
]
v

nother successful project with Getty Oil Cqmpany, bloaugmentation was usad

. - - - L4 L/ .
in a 3,700 barrel sump of heavy, tarry crude 0il.*’ Some 2,000 barrels weres Diode—
grades and the remsinder was converted to a low viscosity, pumpable crude of
gconcmic value.

Caswell reported in 1871 the use of specially selected cultures in improving
the efficiency of an agtivated sludge facility handling wastewater frem a bulk
0il hnandling rerminal.” The rterminal stored and transhipped vegetable oils,
animal fats and greases as well 3s petroleum products and petrochemicals. The

cultures consumed oils and helped alleviate shock loadings.

L)



Deucsch in 1979 reportad the improvement in the performance of activacted sludge
. - :

systems through mentation. In a controlied test at an Zxxon reiinery
in Benicia, Cali 2% £ in total orgenic czrden removal was
noted after inmno ; lztzen. This plant had tThe zdvan-
tzge of paralle T =~ the bicaugme i : i
other, operzrad in routine Zazshisn, could be mads., 4 swit

led =0 2 reversal ia the pericrmance of the two traims, showin

Curreatly bicaugmentation is used in a wide variety of hydroczrbon and petrochen—

ical uses from aczivatad sludge units to land ZIazrming appiications and sp1ll
cleanups. Lets look at some of the princlplss involved in the drological trsat-

ment programs.

HYDROCARBON STRUCTURE AND BICDEGRADATION

0f the various perroleum components, n—alkanes and V-alkylarcmatics, of the C'G

STrAIGET-CZAIN SATURATED LLYDHOCARBONS

|

Name BE? ;};ﬁg Formuia Structural Formulia
Methane | —161° | CH, CH,
Ethane b 88 CQH{, CH;CHJ
Pranane —~45 Citiz CH;CH.CH;
Butane 0] C4Hm CH;CH:CHQCH;
Penwane 38 CiEn CHCH.CECH.CH;
HG.\‘.’:‘.!’IE g9 CgH 14 CH;CH1CH:C HgCHgCHz
HL‘.;‘)L&‘.‘I& ag C‘,E': 16 CI‘IaCH1CH1CH1CHzCH:CE;
Ociane 128 CsHm CH;CH:CH@CHzCHzCH'lCH';CHs
Nonane 151 CeHna CH,CHCH.LCHL.CHACH WCHLCHLCH;
Deczane 174 CuHax CH;CH:CH:CHzCH:CH:CHzCHzCH-;CH;

FIGURE 1
C,, range are generally coasidered tae least toxic and most hicdegradable.” Coun—
r5fmarcs in the C. -~ C, range may have high solvent-Type membrane toxicity. At
low concencracions”they are biodegradable. In waters and impermeable soils preba-
5iy more 15 lost by volatilization than by biodegradation. Gaseous alkanes in

s

the € - C, range are biocdegradable, but again this usually isn’t the removal
nechamism. — Aromatic hydrocarpons are also degraded, but less rTeadlly =as the
rumber of <condensed aromatic rings increases. The alkznes, alkylercomatics,

and aromatics above C,, have low toxicitcy, but their physical characteristics,
including low water sgiubilicy and their solid stace ar the ideal physiological
temperature of 35°C, disfavor bicdegradation.



ALXYL AROMATIC STRUCTURES

i’
CH; Catls CH-CH,CH; CH,CHCH,
Toluenz E:hylbenzene n-Propyibenzene Isobutylbenzane
CH; CH; CH;
& ©
CH;
CH;
c-Xylens m-Xyiene p-Kyleae
G
CH, CzHs CH;—CH—CH—CH;CH;
Q) s, ©
CaH« ]
CH,
p-Ethyltoiuzgne m-Ethylisopropylbenzene I-Methyl-3-phenyipentane
((O)cH=CH, @CH3CH=CH3 @C:CHCH3 @CECH
Styrene Allylbenzene 2-Phenyl-2-butene Phenylacetylene

{¥Yinvibenzene) (3-Phenayvipropene)
{Phenylethyiene)
FIGURE 2

AROMATIC STRUCTURES

Q

©)

Benzene Maphthaiene
Anthracene Phenanthrene

e ot

CH14
7-Methylbenz{alanthracene

FIGURE 2
{3



Branched compounds are considered less biodegradable. This makes sense inasmuch
as the tertiary and gquaternary carbon atoms present hinder beta oxidation.

L

N-HEXANE AND BRANCHED FORMS OF HEXANE

CEs -“ﬂCI‘.‘.zCI“ﬂC}.: C CH:;CI‘ICEzCHgCHg
1
CH;
Faxare 2-Methyipentane
CHa
|
C;_“CFQC 1CH:Ch; CH:CCH.CH;
CH; CHs
3-Methyipentene 2,2-Dimethiylbutane

CH JC}.{—CHCH“

&4.3

Q,S-Dimethyibutane

FIGURE 4
The bS1odegradatzon of cycloalkanes of C and below exhibit high solvent tipe
membrane toxicity., Highly condensed aromatic and cycloparaffinic systems, parti-
CYCLOALXANES
Name Structural Formuia Boiling Poinf
CEz
Cyclopropaze an i —~34.4°
CH:
CE—CHx
Cyvcioputaze | (JJ 13
CE,—CH:
CE—CE2
Cycliopentane I >CH: i2.5
CE—CBz
CE—CEa
/ N _
Cyclobexaze CH: CE: gi.¢
A
CHE.—CEH:
CHz
2 CH: CHQ“CHz/
L e
Cﬁg——CEg/ // CH,— CH;
CE:’_CHZ CH?,
Boat form Chair form

Cyciohexane models
FIGURE >
(&)



cularlvy those with four or more rings such as Benzo(a) pyrene and Benz(a) anthra-
cene and other components QL tar, bluument, and asohalts are considered the most

(=
resistant to biodegradati on”,

The setorzted n-zlksnes are considerad o be the most readily degrzded compounds
of -ezraleum”. The aresence of double bonds adds greatar resistance Lo complate

UNSATURATED STRUCTURES

o
OHS (?CHZ C!)"'—'CHQ
CH3 CH3 (EHZK
CH,CCH,CHCH;
L vs | l
CHa CH, CH;
CH; éCH=CCHa Isodctane
! i
CI{S CH3

Isodctenes .

. A tysical crude oil conctains tens of thousands of compounds that
lic d 1: o o}y

edly in volatilicy, soiubxzlicy and suscepradllity o OdLgcegradaison.

_roauc: such zs kerosene may contain 3,000 - 10,000 <iffereat coam-

Crude oils ‘rom different fields and even parts of the same fisld diflfer

im =mexir propertions of components as well as classification of czcapounds O~

viously different perroleums will have different biclogical fates. The eng:neer*s
draam of a steady stace treatment system is just that, a dream.

MEASURING BIODEGRADATION POTENTIAL
Thers 1s no accurace way Lo measure petroleum degradaticn” In sizu estimalas
of rates are subeecr to so many variables. We've already discussed che chemiczl
FFra

composition differeaces. Environmental changes have a great effsci. And taere
are znalytical limitatiens, not the least of which is the phase system one ordin-
arily deals with in aquatic systems. In the field there can De ex i1
sinking of the oil, fresing up of oil from the hottem, etc., all

the situarion in aaqueocus systems.

(3)
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Soil situaticns area't any easier. Biodegradation i1s commonly measured by period-
1c extraction with soTVEQts such as diethyl ether or methylene chloride, whers
sclvent is then evaporazted and the hvdrocarbon determined 2s the residue.
orobiem ners is that the solvent extract contains not only polluting hydroczs-
s, but also iipids, waxes, and hydrocarbens of non-fossil origin. This ma >
1-52 of mineral soils, but it can be as high as 20%Z Ia peat soils. In
th soiis cne needs zo fiand an uncontaminatsd control szmple for & cor-

eise to be considered is that biodegradation Intermediates on the way
“2 mineralization contain oxygen. Depending on the substrate &s well gs the
T organism, thera ara a variery of ways to go. The lizerature contains

£ hwavs. For example with alkanes there is the dizerminsgl oxidaticn
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{p-ALXANE]

¢

) GO
(POMARY FATTY ALCORCL]

HyE-TH,), L0
(FATTY ALDENYOE)
¥
.
H,C-(CH,)  -CO0H
(MCHCCARBOXYLE FATTY ACID)

| o

HORC- (G, GO0
(w-HYDROXY FATTY 2CD)

T
OHC~{CH 1, -COOH
(w-ALDEAYDE. EATTY £C:0)

HOOC-(CH, ), - COOH
(DICARBOXTLIC FATTY ACI0)

Pathway of diterminal alkene oxidstion.

FIGURE 7

athway wherein the alkane is oxidized to & fatty acid, which is subsequently

oxidized to the hvdroxy fatty acid, and then to 2 dicarboxylic zexd. Most stucies
have been done with single organisms, which isn't typical oI tn i
So in essence scientists don't understand fully what is goiag on. Buc the
:5 that the conversion products, be they fatty acids, alcohols, ketones or =hat-
ever, have a nigher molecular weight than "pure” hydrocardens, so that wel L2i
losses underestimate the hydrocarbon loss.
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sophotometric methods in the UV or IR range have beesn used for quantitative
smenrs. Gas chromotography can determine the fate of iadividuzsl components.
performance liquid chromatography 1s generally required whan one gets above
C.. range.

<t
sesg
Is!

inerzlizacion or totzl degradztion can be monitered ,jv CC, emissions, wiich

1
can tezch improved prec sion znd speciiicicy through *7C tefhnigues. They dc
qorC mezsure the conversion te mertabolities or cell mass, however.

Laborztory studies cannot duplicate the chemical and photocﬁem*cal degradaticn
zhar normally occurs in the field. Generally in te field aurocoxidaticn of organs
i¢ compcunds occurs :hrcugh free radical Zormation or pnotochemical excitation.”
This mav be aided by light-absorbing DthOSeQS”tlZE*S Merzl ions and some or-
ganosuliur compounds can act as Iree radical generat: ing catalysts. These mechan-
isms obviously play a bigger part in aquatic situations than.in soi il environments,
whera penetraticn becomes a significant factor.

Microbial 1ife 1ii

Lahoratory methods ers also inhibited by scale effscts. ike
all 1:1fs seems to compensate for 1its environmept. A gold fish remains small
in tne fish bowl at home, but can become quite a large fish if put into 2 ponu.

This is not the only fzctor. In small scale b;fcq studies bact -rial waste Dro-
duczs accumulate, greatly decressing the gfficiency of the blomes

Otner means of measuring oil degradation are ussd but each hag sheortcomings
For example the disappezrance of a visible oil film is very relevent to o
affac-s on birds and other wildlife in & marine eavironment, bLE it gives lirccl
information on what happened to the oil. Was it emulsified, minerazlized, modi-
fiad, or whatever? Solvent extraction fas many of the same problems as outlined

ss of total organic carbon mezsurss minerzlization Dut aothing mors (as dees

Oxygen uptake does taxe in both mineralization as well as parczal oxxaatios,
but one doesa't know how far che cxidation has gomne aor whar's Dbeen converzed
to bicmass.

ot

One can measure the properties of
s hi su

he cil which may or may not alfsg: the ulrimace
pellucion hazard, and L o

jec “ve!

CJ

Sacterial numbers can provide a qualitative incication of tne ©0T32 grese
which may or may not give 2 quantitative assessment of the extent of degrzdatica.

Is ail of this saviae it's so confusing there is no hope? Mo it isa't.
simply saying that there are no pat answers, Ic's much like cthe medical
There tooc, no one has all cthe answers. There are too many variables. Buc
medicine, through experience and a therough understandiag of the k?ouLeﬁge
is available, exner: professionals can cure many of the chronically i1l "envircn-
mental patients.” What are some of the techniques used for enhancing the biologi~
cal treacments?
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TACTORS AFFECTING MICROBTAL ACTIVITY

Refors we address successes in bicaugmentaztion, we need o consi ider the wvarious
r

fzcrors involved in biodegradation. dAs you must be awars Ciers is far meres io-
volved with these programs than simply adding guitures. Qther factors negec I

be considerad.

Oxvgen Levels

Hvdrocarbons, being highly reduced substrates, require an electron acceptor Wit

oxygen, nitrate and sulfate being the most common. Oxygen pathways are tie most
important in naturz since the initial steps of hydrecarbon bicdegradation are
oxygen dependent. Sporadic reports of anaerobic degradation i vitro regmaln
cont:cversLal and convincing proof of significant anaercbic hvdroczraen 01 0
dation is still outstanding. A pathway for alkanes has been su

rerminal carbons are dehydrogenated tc alkenes which are i t 5
secondary alcobols, but at best this plays a minor role in nature.0 The lncerued—
sates of aercbic hydrocarbeon biodegradaticn c n be metabolized further under
anaerobic conditions. Sulfates are a potent ial electron acgceptor, odut are not
abundant in soils. Mitrate is not energetl allr favorable for this purpose in

iag
-
o

soils.

Tn soils aeration depends on the totzl amount of &ir filled pore space. Elimina-
tion of air-filled pore space bY wcterl gging or compaction reducss oxygen LIans-
fer. Large amount_ of bﬂoaeoraoabxa organics in the top lavers will deplete
oxygen reserves in the soil znd siow down oxygen diffusion rates to the deeper
1ave*s. Ho wonder 111‘ ng is so valuable in land farming operations. Tilling
also distributas the hydrocarbons mere evenly in the soil.

y o

Oxvgen can become z limiting factor in all types of petroleum degradation,
aeraticn is rnau"_ac -n most applications. Ia zqueous systems aeration and agi
tign zlso provide more surface arez of hvdrocar Song to the bactariaz which iilve
only in the aquesus shase of the system and work at the oil to watzr interiacs.

Mcisture

Meisture is esseatizi to active 1ile processes. Bacreria rely cn water Lo 2X-
soils

change evervthing through the cail. At 1007 moisture 1im soilg, however gl
sore spaces ars filled wilh watar. At cnly 10% molsture osmeilc 274 matric fcr:es
ceduce metabolic zcziviiy to marzinal levels. ‘Heisture levels In the ranzs ol
20% to 80% generaily allew suitable bdrodegradstion ia soxls.”

Nutzrients

The adéition of larze quantities of hydrocardems im a system usuzlly creates
a nut-itional imbaiance which needs to be corrscted by the application of inorgzn-
ic fertilizers containing nitrogen and phosphorous. Biosludges from refinery
and petrochemical =Ireatment faciliries normally contain enough nitrogen and
phesphorous.

For land farming operations the American Petroleum Institute recommends a C:X
ratio of 160:1. Laboratory experiments by Dibble and Bartha showed C:N ratio

(8)



of 60:1 and a C:P ratio of 800:1 to be optimum.‘j The expense of

fartilizer gnd
the potential for groundéwatar contzminarion encourage mOT2 CONServailve gpplica—
tion rates. Most agricultural fertilizars contain excessive P and X Zor microtias
use. Uresa and ammchium compounds czn be added to such £ i bring u

che nitrogen levels. Nitrates can pose leaching proplems and -
£icarion under anzerobic conditions. The smmonium ion Deing pcsiiively O zed
binds te the negatively charged soil parzicles., But in well zsrzzaed soils witil

ia1 cne

neurral pH values above 5Q°F $§e smmonium iecn is nitrified o aitrates
to two weeks after application.”

Tn cieznup situstions, one frequently can not do aay Sors of =
poilutants. In auch cases sufficient nitrogen and phosphorous ~U
to start off microbizl activity and both be monitcrad continuaily
don't become toc low by being used up for csll mass, leachi

or volatilizacion. We've found that N levels should exceed  ppm and phos
exceed 1 ppm at all times TO maintain adequate microbial activity.

-
1

ag,

0il contaminants that percolate deep into the scil and to the water
difficult to clean up. Deep ipfiltration can oczur with low viscosity ol
gasoline, kerosene, light crudes and light heating oils as well &s

of jerrochemicals on pOrcus sandy or gravelly soils. Subsoil claanin
achieved by installing drainage systems OT wells and pumping tne Zroundwater.

Oiis tend to cling tenaciously o soils and their limited selubility in watsr
mitimizes the effectiveness ot flushing. The metabolites ars wors water solubie
and can break down angercbically, helping the oxygen availabpilicy limitations
Jitrogen compounds &rs relatively mobile in soils but phosphatas bind up readzl
so cthat their trzasport can bte 2 sroblem. Aeration can be orovided by dirsceT
zir injection or oxygenated water.

wn
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a trearment olant the accepced 2OD:N:? racio of 10C:

assyrs sdequate treztlent.

0il scluble fertilizers such aslgaraffinized urea and octyl prosphace have shown
ennanced degradarion in the sea. -

Temperature

Temperature zilscis rhe rates of microbial nerabclism as well as the pnysical
srate of hydrocariens. Lt also affects the solubility of tae subs:gatas. Some
cmall alkanes and aromatlcs are @OIe soluple at 0°C than at 25°C. Elevearad
smperatures can influence nonbicleogical losses, mainly evaporation. In some
cases the decrsased evaporation of toxic compenests at lower temperatures nas
peea rencrted to 3av inhibited degradacion.a in general most mesophiles periorm
best at about 235°C but cheir performance can he affected by these other facrors.
Consequently scientists have reporced differeat optimums and considerable var-
iance in accivity at differear Cemperatures, little change in activily over given
temperature ranges, and ocher superficial contradicrions. Hundlestan and Cresswell
{1976) reported petroleum degrﬁfacicn in soils as low as -1.1°C as long as the
coil solution remained liquid. Degradation Tates were quite slow. In natural

m
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habitantsthifts in microbial populations due to temperature changes have been
reportad. As. one might suspect from such shifts, as well as changes in solubil-
iries, there are reports showing that the types of hydrocarbons being degraded
may vary with temperature. My own firm has been invoived with & number oI pro-
iects that went through cold weather. Althougn visually everything saemed €
be put on hold, as scon &s wWarm weather returned very rapic brezkdowns gezuarred,
indicating that some aciivily Sad continued through the colder wezcler.

pH Effects

While the pH of the merine eavironment ig uniform, Stezdy
the pH of various solls covers 2 wide range. The mar: nvirss ¢ is wel
buffared. 1In soils and poorly buffered treatment si-uatd
mineral acids from the various merzbolic processes c&n ;

pd. The overall bicdegradation rate of hydrocarbons generally is nigher under
slightly alkaline conditlons. So appropriate monitoring and &djustments should
be made to keep such systems in the 7-7.5 pH range. Variatioas oOf swings in
pH in treatment systems can have z very deieterious effect on the performance
of the bicmass.

lower the

Fmulsions

Since oils and most petroleum hydrocardons are only sparingly soluble in water,
the reslatively small imterfacial area of oil in contzct with wa i
the microbial degradation of oil. Microbes colenize the surifaces 0
and the undersides of slicks. Many hydrocarbon using microorganisms produce
emulsifrying agents wnich greatly enhances their effemtiveness in handling the

cil, Ia my own firm's rveatzhility studies, this is one of the thiags we look
for. It is widely helc that emulsifiers can be invoived in the entry ¢f hvdrocar-
tens inmto the calls, but degradation can occur wichout emulsiiicacion. Emulsi-

s N et
Siars have proven usefil in some cleznuo operat:’.lcms8 but various scurces indicate
rhat not zll dispersants enhance bicdegradation. ~

Weathering
The s callsd weazherznz of orzanic products 1s sors of a two edged sword. Weatl-
ering i3 the collecilve rerm Ffor solubilization, volatilization, photochemical
react-ons, emuisificaztion, oxidation and microbial breakdown of the organics
sfrer iarroduction to am ecosphere. Most of the bicdegradation compounds &re
qore watsr soluble. Thais may promote leaching in soils or make them more avail-

able to microorgenims which require water for their life processes. On the other
hand meny of the oxjzenated compounds exhibit greater toxicity tc microbiocta.
Some of the metabolities might even crosslink ot "enre." It is believed that
Alberta's heavy oils ars of biodegradative origin as the light weight components
were degraded leaving neavy tars. There have been reports of decreases in
hacterial and algae growth in natural habitants with ;?e weathering of crude
cil, possibly as the more degradable components were lost.

(10)
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tDMGk7 and. Niemeiz on tne other hand reporzed positive rasu.ts with a brewery
te (1975)°° 37DDLE and Bartha (1679) found that the additioen of yeast extract

BIOAUGMENTATTON

Bicaugmentation has proven to be beneficial in manv perroleum and petrocnem;cal
applicztions. But it aeeds to be underscood chat tne mers addizisns oi bacteria
of zny type is not the answer. Those added must be abls TO _::l_z the wasce
prasen: and to successfully survive and compers in the envirgnmant O which they
are ing added. Jobson ez al (1974) detectad a0 s‘on;f;ca.: stimulatien of
biade graaat:on in soil following innoculation with cil deg sading cultures.””
Leh

L

tq stimulsca oil biodegradation in soil, and that sewage sludge actuall:

[E r

a l 4
nhibitad iz, MecH“n*=ms for such supressioa could be comperiiion for the oxyger

H

or ac-ual reprassion of hydrocarbon degrading enzymes by the savailability o
more readily utilizable substratas.

Fh

Results can be obcained using suitzdle hacrarizl formulations for the intended
application. To put E£his in perspective, the Gas Divigion of the City of Clear-
watar, Florida working through Biclogical Consultants, Inc. or T:ucsvwlLe, Alzbama
and Wastewater Engineers of Hermitage, Tennesses urilized bdicsugmentation ZIor

the cleanup of 610,000 gallons of coal tar laefr over from the old days of manu::c-
turing producers gas in 1982 and 1983. These types of wastes

TABLE T
T TARWATER GAS BIOAUGMENTATION PERFORMANCE SUMMARY

Start 8.8 mos

08/04/82 0&/23/83
Yolume of Tar 10,000 gals 20,00C g=ls
Flash Poinc 29°C 106°C
cop 3,730,000 mg/kg 1,228,00C mg/kg
0il & Grezse (0 & G) 286,900 mg/kg 3,788 mg/kg
Phenol 1,660 mg/kg 0.01 mg/kg

{approx. 10,100 lbs) (0.008 1lbs)

CVERAL VGLMZ REDUCTICN 86.9%
OVERALL COD XEZDUCTION (ON & MASS BASIS) 85.7%
OVERALL O & G REDUCTION (ON & MASS BasIS) 99.7%
OVERAL PHENCL REDUCTION (ON A MASS BASIS) ipprox. 1C0%

s hrorefractory. Within a nine monch peried the overall volume
7 The COD on 2 mass basis was reducad 96%. Final gil and
azse levels were cnly 0.3%7 of che original on 3 mass basis. Most imporzancly
ne shenalic contaat was virtually eliminated. Whereas the criginal content
was 1,660 mg/l the final concentrarion was only 0.01 mg/l. Wherezs they initially
had some 10,000 pounds of phenol to con:eqa with, only 0.008 pounds remained.
This is an outscanding example of deroxification. Clearwater was or*glna11v
faced with disposing of 610,000 gallons of hazardous wasces wich an unlim:ced
future liabiliey hanging over cheir heads. Througn bloaugmentation technigues
they were able to obtain permission Lo bleed the ctreatad residuzl contents into
the sewer system. Disposal costs and future ligbility were eiiminatad.

(11)
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Similar results were obtained in treating threes collection ponds in 1978 from
a pildt coal caonversion facility. BOD.'s initially were 300 to 495 mg/Ll. Bioaug-
mentation brought these down to 4 to B mg/l levels. Phencls had been originaily
at 28 to 33 mg/l and were reduced to 0.057 to 0.094 mg/l levels. )

At one of the superZund sitss phenol rzductions weres raquired. Reughly 407 of

the phenolics present wers substitutsd alkyl, chloro and nitro phenols. Initial
phenolic content frem four quadrants of the dumpsite was 516 mg/l. Within &0
days of bioaugmenzation this was brought down to 262 mg/l, when cold weather

set in. %_ter warm ~e=tHEf rzsumed, the phencl contsnt was again checked zad
found to be less 1 100 mg/l, indicating degradation during the winter months.”

—

In 1984 @y firm and Loma Industries were involved in the cleanup from a rupturad

Tansier iine which Tzn under =z railsoad track of 2 naticnal petro chemical com-
pany. Coincidentally, a jumbo tank car was meving on the track zs solvents wers
being pumped through the line. The rasulting rupture allowed 300 to 400 gallons
of mixed solvent to senetrate the ground 38 inches below grade and to contaminats
the aquafer for 120 fest along the track bed.

ConNTinNuCUSLYyY REICIRCULATING GRouNg [NigcTiond 3SvsTsm

N JECT oM HEARER
— | { ' 1 1. i i 3 i
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Pai i PusPs {1 o2 sone)

eerser {2 vt ¥oms

Damiksd lrcnxmn
Darx Carre

Foligwing a cleanup program of nine menths with & biological recirculating ground
injection system, 2 99.5 7 decompositicn of contaminants was achieved (see Table

FIGURE 8

2;
TABLE 2

COMECNENT Q09/24&/84 13/31/84 Q4&/0L/85 % Reduczion

(ppd) (ppb) (ppb) }
Benzene N/A 36 21 67 .7
Carjon Tetrachloride N/A 65 nil 39.9
Chicreobenzene 2,030 227 37 99.6
1,1 Dichloroethane N/A 508 341 32.9
Ethyl Benzene 154,000 1,119 382 g9.E
Taluene 31,000 1,276 525 98.3
1,1,1 Trichloroethane N/A 82 nil 9g.9
Lylene 1,249,840 16,825 1,878 8.3
¥/A& ~ not analyzed for
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Last year 3iological Comsultants and Haz Tech of Decatur, Georgia were involved
with my Zirm in the disposal of priating ink wastewaters of a major concainer

corporaticn. The wastawatar had peen temporarily storesd in tanks. & biological
systam using DOrt2die I=2nKS Was iastalied to empiov bicaugmentztion., Initialiy
the COD was 3,30C =g/l Tndividual compenents are shown In Tabpis 3.

TABLE 3

COMPONENT INITTAL FINAL

iczrone 143 mg/L <1 mg/l
fexane 2,650 mg/1 ! mg/l
Isopropyl icstate 20S mg/l <1 ma/l
Mechyl Echyl fecone 257 mg/l <1 mg/l
Toluene 17,000 mg/1 .- <l mg/1

Within a2 matter of davs the concentration of all of these compounds were brougit
i
These ars just a few examples of the potential bioaugmentation offers.

CBOOSING A SCURCE

Bicaugmentation obvicusly iaveolves more than the simple inmoculation of some
biological additive. Technical sarvice backup is crucial to the success of any
program, and you zust satisfy your own requirements as Lo who cai do this best
for vour own organizatiIon.

Foraulacicns vary wideilv. One should be parcticularly cautiaus of would be sup-
nlisrs wic have conly one all purpose formulation or who make rscommendations
wizhoue =he henefiz of laborarory tTeatability studies. Using the medical analogy
again, ncst hydrocardon sltuations require preascription rather than over che
countar drugs. Prescription type drugs require a onysician who can take & multl
tude of faczors iaro account for the patienc's needs. Simple directions as

with gver the counter drugs will not suffice.

[ =
[N
<
m
b

“ars stould be caurion in dealing with firms that have limited doc

case scudiss and who cannot refer prospective customers €O saveral

cizencs with recear success in similar systeas. Gimmicks in the B5r z

sroquczs should also lead to caution. Advertising the scorage oI stock culture
i

in a bank vault, emphasizing the remoteness of the earth from which certain cu
tures were isolated or additions of trace amounts of mutagenic agents, unigue
bioclogiczl additive so that the resulting formuizaticn is implied to have unproven
uniqueness or undemonstrated value should all be suspect.

Many firms boast of high plate counts. But uniess the formulacion is carefully
balanced and adeguately tested for the incended applicacrion, sheer numbers are
virtually worthless, and may as Dibble and Bartha found be counterproductive.

Bicsugmencatien is simply another tool that can be used in your efforts to make

chis world a betzer place to live. Hepefully you have a berter appreciation of
how you might use it.
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Bechtel Corporation
City of San Francisco

Coast Qil Company

County of Alameda

Culligan Water

First Interstate Bank

Fox and Carskadon-

Frito Lay, Inc.

Garden State International Trucking
Girard Tire Company

Goodyear Rubber and Tire Company
Keystone, Inc.

Mission Trails Oil Company

Paul Monroe Hydraulics
Polymetrics Corporation

Robinson Qil

Safety Kleen

Sandia Livermore Labs

Santa Clara University

Standard Fusee Corporation

Union Pacific Railroad

U.S. Postal Service

U.S. Sprint




en=Jech FEnvironmental offers . . .

[nstallation and Removal of
Underground Tanks
Monitoring Systems Including
Leak Detection and Inventory
Reconciliation

Contamination Clean-up
Water Well Installations

Site Risk Assessments

Soil Treatment

Site Remediation

[ ngineering Geologists on Staff
Soil and Water Sampling and Testing

e Services for a Cleaner Environment







