Department of
Environmental Protection

Twin Towers Office Building
Jeb Bush 2600 Blair Stone Road David B. Struhs
Governor Tallahassee, Florida 32399-2400 Secretary

July 22, 2002

M. James C. Vaughn, Jr., P.E
eCGeo Services, Inc.

P. O Box 13646

Savannah, Georgia 31416

Re: PHOSt er |1 ™ Bi orenedi ati on Technol ogy

Dear M. Vaughn:

The Bureau of Petrol eum Storage Systens hereby acknow edges that eGeo
Services, Inc. is a licensee of the PHOSter vapor-phase nutrient injection
systemfor in situ biorenediation of petrol eum hydrocarbons and ot her suitable
contam nants in soil and groundwater. The PHOSter technology was originally
devel oped by the U S. Departnent of Energy (D.O E.) and the Savannah Ri ver
Technol ogy Center in 1995. eCeo Services, Inc. (formerly Freeman & Vaughn
Engi neering, Inc.) was paid by DO E. to redesign and commercialize the
technol ogy for renedi ation of petroleumsites. eCGeo Services, Inc. has

provi ded further enhancenents to the technol ogy including redesigning the
nutrient delivery system and naki ng provisions to inject an additional carbon-
based food source. This new systemis trademarked and narketed under the nane
of PHOSter II™ This letter supersedes the original August 8, 1997 acceptance
letter issued by this bureau to Freeman and Vaughn Engi neering for the
original PHOSter remnedi ati on process.

The process is a pulsed injection systemthat stinulates the growth of

i ndi genous mi croorgani sns by supplying an optimum quantity of oxygen

ni trogen, phosphorous, and a carbon-based food source if required. Briefly, a
predet erm ned anount of liquid triethyl phosphate (TEP) (the phosphate source)
is injected into the conpressed air (the oxygen source) in a vessel, and
enmerges as an air/triethyl phosphate nmixture. This TEP-nixture is conbined
with nitrous oxi de or atnospheric nitrogen (the nitrogen source), and propane
(a carbon-based food source) if needed. The entire conbined mxture is then
forced into the soil or groundwater to be renediated via injection wells. The
system has a progranmmable logic controller (PLC) to control each injection

wel |’s pul sed injection cycle. Indigenous nicroorganisns utilize the injected
nutrients to aerobically degrade petrol eum contam nati on, produci ng bi onmass,
car bon di oxi de and water.

Thi s acceptance applies to the jurisdiction of this bureau, but other bureaus
within the Department of Environnental Protection, or other state agencies and
| ocal governments nmay choose to recognize it if their needs and regul ations
are simlar. This bureau, however, is not responsible for applications beyond
its jurisdiction, which is primariy the cl eanup of subsurface petrol eum
pursuant to Chapter 62-770, Florida Administrative Code (F.A.C.), typically at
gasol i ne service stations.

Even though the content of this letter is simlar to that of the origina
August 8, 1997 acceptance of the PHOSter system albeit the format nodified
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for clarity, it shall supersede the original acceptance because there have
been sone changes. In enclosure 1, the bureau has condensed and reworded its
expl anati on of the groundwater sanpling requirenments for nitrate, nitrite, and
phosphorus when the PHOSter systemis used to remediate a contami nated site.
The encl osure di scusses the sanpling frequencies for these chem cal species
before, during, and after PHOSter injections, and allows their sanpling to be
reduced in frequency or discontinued during the post-injection period as they
nmeet their respective groundwater standards. Qher |icensees of the PHOSter
renmedi ati on process holding earlier versions of a PHOSter acceptance |letter by
the Bureau of Petrol eum Storage Systens may al so decrease or discontinue their
post-active renedi ation nonitoring of nitrate, nitrite, and phosphorus as they
nmeet their respective groundwater standards. It is not necessary at this tine
to revise or anmend the acceptance |letters of these other licensees in regard
to this post-active remediation nonitoring option. They may cite this letter
as their authorization to reduce or discontinue such sanpling when it is
possi bl e.

The bureau recogni zes PHOSter |1 ™ as a viable technology for the

bi or enedi ati on of petrol eum contam nated sites in Florida. There are no
objections to its use provided the considerations of this letter are taken
into account, and a Renedial Action Plan is prepared in accordance with
Chapter 62-770, F.A . C., for approval by the Departnent. Environnental and
regul atory requirements that apply to PHOSter 11 ™ are provided in

encl osure 1.

Wil e the Department of Environmental Protection does not provide endorsenent
of specific or brand nanme renediation products or processes, it does recognize
the need to determne their acceptability froman environnental standpoint
with respect to applicable rules and regulations, and the interests of public
health, safety and welfare. Vendors mnust then narket the products and
processes on their own nerits regarding performance, cost and safety in
conparison to conpeting alternatives in the marketplace. 1|n no way, however,
shall this regulatory acceptance |letter be construed as Depart nent
certification of performance. Additionally, the Departnment enphasizes a

di stinction between its regulatory “acceptance” and an approval: products and
processes are accepted but they are not approved.

Also, it is not a requirement that a particul ar renediation product or process
have an official acceptance letter in order for it to be proposed in a site-
specific Renedial Action Plan. The plan, however, nust contain sufficient

i nformati on about the product or process to showthat it neets all applicable
and appropriate rules and regul ati ons, especially those of the Florida

Admi ni strative Code.

Those who prepare Renedial Action Plans are advised to include a copy of this
letter in the appendi x of plans they submit, and call attention to it in the
text of their docunent. |In this way, technical reviewers throughout the state
will be inforned that you have contacted the Departnment of Environnental
Protection to inquire about the environnental acceptability of PHOSter 11 ™

To aid those reviewers, the Bureau of Petrol eum Storage Systens provides

suppl enental information as encl osure 2.

The Departnment reserves the right to revoke its acceptance of a product or
process if its nature or perfornmance has been fal sely represented.

Addi tionally, Department acceptance of any product or process does not inply
it has been deened applicable for all cleanup situations, or that it is
preferred over other treatnent or cleanup techniques in any particul ar case.
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A site-specific evaluation of applicability and cost-effectiveness nust be
consi dered for any product or process, whether conventional or innovative, and
adequate site specific design details nust be provided in a Renedial Action
Plan. You may contact ne at 850/487-3299 if there are any questions.

Si ncerely,

Ri ck Ruscito, P.E
Bureau of Petrol eum Storage Systens

c: T. Conrardy - FDEP/ Tal | ahassee

Hi story:

8/ 8/ 1997
I NN_007. doc
ppl #007

7122/ 2002
i nn_007a. doc
ppl #189
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ENCLOSURE 1

PHOSTER |1 ™ ENVI RONVENTAL AND REGULATORY CONSI DERATI ONS

PHOSter 11 ™ applications, the major environnental regulatory

considerations are |isted bel ow

a.

G oundwat er standards: The onus shall be on users of PHOSter Il ™to

ensure that all applicable groundwater contam nant standards will be net
at the tine of project conpletion, for petroleum other contam nants that
may be present, any residuals associated with the ingredients of

PHOSter 11™ and any byproducts produced as a result of chenical or

bi ochem cal reactions involving those ingredients. The follow ng
chapters of the Florida Adm nistrative Code are cited: Chapter 62-550
F.A.C., for primary and secondary water quality standards; Chapter
62-520, F. A C. for groundwater classes and standards, and mi ni num
criteria; Chapter 62-522, F.A C, for groundwater permtting and

noni toring requirenents; Chapter 62-528, F.A C., for underground
injection control, particularly Part V, for Cass V, Goup 4 aquifer
renmedi ati on projects; Chapter 62-770, F.A . C., for petrol eum cl eanup
criteria; and Chatper 62-777, F.A.C., also for m ni num groundwat er
criteria.

A noteworthy aspect of the mnimumcriteria set forth in Chapter 62-520,
F.AC, is that it requires groundwater to be free from substances which
are harnful to plants, aninmals, and organisns, and free from substances
that are carcinogenic, mutagenic, teratogenic or toxic to human bei ngs.
In effect, these “free from requirenments forma catchall. They close
what woul d otherwi se be a | oophole in the regulations by preventing
injection of a potentially harnful product in the event that any of its
ingredients is not regulated as a specific primary or secondary drinking
wat er cont ani nant .

Injection well permt: The issuance of a site specific Remedial Action
Pl an Approval Order by either the Bureau of Petroleun1Storage Systens or
the Bureau of Waste O eanup, for remediation via PHOSter 11 ™ injections
into an aquifer, constitutes the granting of a Class V injection well
permt.

Groundwat er injection standards: For in situ aquifer renediation, the
conposition of an injected fluid nust neet the drinking water standards
set forth in Chapter 62-550, F.A C., and the mininum groundwater criteria
of Chapter 62-520, F.A C., (and minimumcriteria in Chapter 62-777 as
wel |') pursuant to underground injection control Rule 62-528.600(2)(d),
F.AC

Even though Chapter 62-528, F.A. C. is a conprehensive docunent pertaining
to underground injection, it could not have antici pated technol ogi ca
advances creating the need to regul ate vapor-phase injection
concentrations for the purpose of injection-type in situ aquifer
remedi ati on, just those of a liquid. And Chapter 62-550, F. A C., whose
primary and secondary drinking water standards are cited as criteria for
the underground injection of fluids, pertains only to |iquid-phase
concentrations as well. The Departnent, in response to this situation

i nstead of using a front-end approach to protecting groundwater quality
by ensuring that injected liquids neet drinking water standards, wll
seek assurance, through nonitoring, that no primary or secondary water
gqual ity standards or mininmum groundwater criteria are exceeded.
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Uilization of wells: If a renmediation site happens to have an abundance
of nmonitoring wells, then the Departnent has no objection to the use of
sone wells for the application of PHOSter I1™ However, no “desi gnated”
nonitoring well, dedicated to the tracking of renmediation progress (by
sanpling) shall be used to apply PHOSter I1™ This will avoid premature
conclusions that the entire site neets cleanup goals. By making sure
that designated tracking wells are not also used for treatnent, there
will be nore assurance that the treatnent process has perneated the
entire site and that it did not remain localized to the area imrediately
surroundi ng each injection well.

Groundwat er nonitoring: For underground injection control nonitoring, the
Departnent, pursuant to rule 62-528.615(2), F.A C, has determ ned that
the groundwater at a PHOSter |1 ™ renediation site shall be sanpled for
nitrate, nitrite, and total phosphorus. For the petrol eum contam nants

of concern, the monitoring requirenents of Chapter 62-770, F.A C, apply,
as they would for any other petrol eumrenedi ati on project.

1. Before PHCSter injections begin, the natural-occurring background
concentrations of nitrate, nitrite, and phosphorus in the groundwater
shal | be determ ned by sanpling at |east one (1) nonitoring well that
i s upgradi ent of the groundwater contam nation plunme. |[If an
upgradi ent well is not available, then a well in a |ocation beyond
the groundwat er contam nation plune that can be consi dered
representative of the site’s background water quality may be sanpl ed
in lieu. The Bureau of Petrol eum Storage Systens does not reconmend
the selection of a well directly downgradi ent of the contam nation
pl ume for background sanpling because it may not be representative.
Additionally, if more than one background well is sanpled for
background concentrations of nitrate, nitrite, and phosphorus, then
the average concentrati on of each of these chenical species can be
considered the site’s natural -occurring background concentration

2. During active renediation, for underground injection contro
pur poses, pursuant to rule 62-528.615(2), F.A C., the Bureau of
Pet r ol eum St or age Systens suggests that sanpling of nitrate, nitrite,
and phosphorus be conducted at a m nimumof two (2) wells. One of
the wells should be |located in the central region of the PHOSter
i njection points, the other downgradient. This sanpling should be
conducted at |east quarterly, once injection begins.

During active renedi ation, the appropriate petrol eum contamn nants of
concern shall be sanpled in accordance with the frequency specified

in Rule 62-770.700(3)(i), F.A.C. For the cleanup of sites where the
period of active remediation is expected to be brief (60 to 90 days

for exanple) it nmay be necessary to conduct sanpling nore frequently
than quarterly, in order to accurately gauge the progress of the

cl eanup.

3. After PHCSter injections have ceased, sanpling of nitrate, nitrite,
and phosphorus shoul d be conducted at |east quarterly, at a mininm
of two (2) wells, one located in the central region of the PHOSter
i njection points, the other downgradient. The sanpling results shal
be conpared to the drinking water standards |isted in Chapter 62-550,
F.A.C., (or the cleanup site’'s natural-occurring background
concentrations, whichever is less stringent. The drinking water
standards are as follows: nitrate [10,000 mcrograns per liter
(ug/L) maxi mum as nitrogen, N, nitrite (1,000 ug/L nmaxi mum as N)
and total phosphorus [groundwater concentration not regul ated,

(as P)]. As each of these chem cal species neets its drinking water
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standard (or natural -occurring background concentration, whichever is
| ess stringent) during the post injection period, its sanpling may be
reduced in frequency or discontinued.

Li ke any other petroleumsite remedi ati on project, PHOSter system
projects shall include at |east one (1) year of quarterly post-active
renmedi ati on groundwater nonitoring for the petrol eum contam nants of
concern. Pursuant to Section 62-770.750, F.A C., such nonitoring
shal | be conducted at a mininmmof two (2) wells, one |ocated in the
area of maxi mum cont am nati on, the other downgradient.

Bureau of Petrol eum Storage Systens’ rational e regardi ng underground
injection control nonitoring for the PHOSter system The sel ection
of nitrate, nitrite, and phosphorus for underground injection

noni toring purposes is a technical decision to track the fate of

ni trogen and phosphorus atons contained in the originally injected
nitrous oxide and triethyl phosphate. |In the event that chemical or
bi ochem cal processes transformthe nitrogen to nitrate and/or
nitrite, in concentrations that exceed primary drinking water
standards, then nonitoring will detect the exceedance.

Phosphorus tracking does not allow for a conparison to groundwater or
primary or secondary drinking water standards, since phosphorus
conpounds in groundwater are not regulated. Attention usually
focuses on the eutrophication of surface waters. So, in cases where
a PHOst er groundwater renedi ation project may inpact surface water,
it is advised that the concentration of phosphorus in the surface

wat er not be raised above the 0.1 microgramper liter (ug/L), as P
This concentration set forth in Rule 62-302.530(54), F.A C., as a
surface water quality standard.

For oxygen injected by the PHOSter systemin the form of conpressed
air, the bureau believes that tracking should not be necessary for

i njection control purposes, since the presence of dissolved oxygen in
groundwater is generally not considered to be a problem It is,
however, reconmended that dissol ved oxygen concentrati on be neasured
as a matter of good biorenedi ation practice.

As for propane, which may be injected during the PHOSter 11 ™ process
in renpte instances, where conditions require an additional carbon-
based food source to sustain mcrobial populations, the bureau’s
judgrment is that nmonitoring of it, as a dissolved gas, for
underground injection control purposes nay not be absolutely
necessary. This judgnent is based on a conbination of factors: the
amount of propane and its rate of injection will be low it is
anticipated that the average rate of propane consunption by the

aqui fer’s indi genous microorganisns will be equivalent to the rate of
propane injection; and the EPA, in a Novenber 1977 report,

“Mul tinmedia Environnental Goals for Environnental Assessnent”,

EPA- 600/ 7- 77- 136, suggested a relatively high anbi ent goa
concentration of 120 nmilligrans per liter (ng/L) for propane, which
is roughly equal to its solubility in water

If there is, however, concern that residual |evels of propane could
be high or persistent in the groundwater at a particular PHOSter 1™
renediation site, then it would be prudent to nonitor its
concentration. The Bureau of Petrol eum Storage Systens used the sane
algorithm for the calculation of a groundwater cleanup target |eve
(GACTL) for propane that the University of Florida' s Center for

Envi ronnment al and Human Toxi col ogy used for its calculation for
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but ane, a cl ose al kane family nmenber. The cal cul ated GACTL for
propane by this method is 8.5 mlligrams per liter. |n comparison
the GACTL for butane was calculated to be 9 ng/L. Both cal cul ations
used a conservative safety factor of 100, to allow for consunption of
the water by other than just healthy humans. The 8.5 ng/L
concentration cal cul ated by the bureau has not been validated by the
Uni versity or other recognized toxicol ogical authority, but
arrangenents can be nade for its validation should there be a need.

Underground injection control inventory and notification: Remedial Action
Pl ans prescribing in situ injection-type aquifer renedi ation shall

i nclude information pursuant to Rule 62-528.630(2)(c)1 through 6, F. A C.,
for the inventory purposes of underground injection control. Per Rule
62-528.630(2)(c), F.A C, aquifer renediation projects involving

injection wells may be authorized under the provisions of a Renedia
Action Plan, provided the construction, operation, and nonitoring

requi renents of Chapter 62-528, F.A C., are net.

A menorandum outlining the inventory information about injection type
aqui fer renediation plans to be transnmitted by Departnent reviewers, to
the Underground Injection Control Section, is provided as enclosure 3.

It will be necessary to nodify appropriate portions of the nmenorandumto
report PHOSter |1 ™system vapor-phase injections in terns of pounds of
gas, purity of gas, and cubic feet per mnute, instead of the units
listed, which were intended to cover only Iiquid-phase injections.

Qper ation:

1. Avoidance of migration: For in situ injection-type aquifer
remedi ati on projects, injection of PHOSter |1 ™ shall be performed in
such a way, and at such a rate and volune, that no undesirable
mgration of either the nutrients or the petrol eum contamnants in
the aquifer results, pursuant to Rule 62-528.630(3), F.A C.

2. Underground injection control operating permt: Al though an
operating permit is not required for aquifer remediation wells
pursuant to Rule 62-528.640(1)(b), and 62-528.640(1)(c), F.A C
since no novenent of the petrol eum contam nation plunme is expected to
acconpany the PHOSter 11 ™ treatment process, the Bureau of Petrol eum
St orage Systens suggests that the information itens listed in Rule
62-528. 640(1)(b), F.A. C., be considered and included in Renmedi a
Action Plan proposals as a natter of good and thorough design
practice. Briefly sumrmarized, they are quality of water in the
aquifer; quality of the injected fluid; existing and potential uses
of the affected aquifer; and well construction details.

3. Operating paranmeter measurenents: Section 62-770.700, F.A C, sets
forth frequency requirements for the neasurenent of biorenediation
operating paraneters such as dissol ved oxygen |evels, rates of
nutrient addition, tenperature, etc. It also includes an option for
reduction in the frequency or discontinuation of some neasurenents in
situations when appropriate.

Abandonnent of wells: Upon issuance of a petroleum Site Rehabilitation
Conpl etion Order, or a declaration of “No Further Action”, injection
wel | s shall be abandoned pursuant to Section 62-528.645, F.A. C. The
Underground Injection Control Section of the Departnent shall be notified
so that the injection wells can be renoved fromthe inventory-tracking
list.
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ENCLOSURE 2

PHOSTER |1 ™ SUPPLEMENTAL | NFORVATI ON

The informati on bel ow, conpiled fromseveral sources, may be hel pful to
revi ewers of Renedial Action Plans prescribing biorenediation

a. Departnment of Environnental Protection reviewers of in situ injection-type
aqui fer remedi ati on plans, regardl ess of whether in Tallahassee, district

of fices, or contracted local prograns nust fill in the blanks on the
encl osure 3 menorandum whose subject is “Proposed Injection Wll(s) for
In Situ Aquifer Renediation at a Petrol eum Renedial Action Site”. The

conpl eted form nust be submitted to the Underground Injection Contro
Section at 2600 Blair Stone Road, Tallahassee, Florida 32399-2400.

Only the appropriate adnmnistrators in the Departnent and its district
of fices can sign the enforceabl e approval orders for in situ injection-
type aquifer renediation plans, for which such approval constitutes the
i ssuance of a Class V injection pernmit. Local prograns are not

aut horized to grant such approvals. Reason: Although an arrangenent
bet ween the Environnmental Protection Agency and the Departnent del egates
underground injection control authority to the Department, it does not
all ow the Departnment to del egate that authority any further. This

i ncl udes del egation to the Department’s contracted remedi ation revi ew
agenci es such as those operated by the counties and other |oca
governments. The | ocal prograns, however, can still conduct the
technical review of an injection-type aquifer renmedi ation plan, but they
nust prepare an enforceabl e approval order on Departnent |etterhead for
signature by an appropriate Departnent admi nistrator.

b. Pilot study: For biorenediation, per rule 62-770.700(2), F.A.C., a pilot
study proposal shall be submtted for review, and a pilot test shall be
perfornmed prior to designing a treatnent system |If conditions or the
situation at a site do not warrant a pilot study, then the rule allows
that a proposal explaining the rationale to forego a pilot study may be
subm tted for review

c. Nutrient ratio: The 20:12:1 nolar ratio of oxygen, nitrogen, and
phosphorus is the cornerstone of the PHCSter technol ogy. The objective
is to encourage m croorgani smgrowh by supplying these essentia
nutrients in a ratio that closely approximtes their nolar ratios in a
standard cell of conposition GyHg;O3Ni2P. The general equations
descri bing the biol ogi cal oxidation process for a hydrocarbon, and an
exanpl e of an approxi mately bal anced equation for the oxidation of
et hyl benzene (GHy), using nitrous oxide (N;O as the nitrogen source and
triethyl phosphate [ (GHO ;PQ as the phosphorus source are:

HYDROCARBON + OXYGEN + NI TROGEN + PHOSPHORUS --> CELL MASS + CARBON DI OXI DE + WATER

GeHip + 2.8570, + 0.857N;,O + 0. 143 (CHO 3PO --> 0. 143 GyoHe7O3N,P + 0. 286C0O, + 2.43 H,0

It should be noted that not all of the carbon in the ethyl benzene is
converted directly to carbon dioxide, and that a portion is assimlated
as cell mass, which will, in turn, degrade when the nicroorganisns die.
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Mass ratios: |If the molar ratios of the equation in the preceding

par agraph are converted to mass ratios, then for every pound of CGHy
contam nant degraded it can be seen that 0.862 pounds of O, 0.356 pounds
of N,O and 0.232 pounds of (CHO) PO nmust be injected via the PHOSt er
system Since ethyl benzene is one of the heaviest nolecules in the BTEX
group (benzene, toluene, ethylbenzene, and xylene), thereby requiring the
| argest injection quantities of N,O G, and (CHO sPO for degradation, it
nmay be reasonable to use the above nmass ratios to make a quick and
conservatively high estimate of the injection anounts needed to renedi ate
a BTEX mi xture of any proportions at any site.

Ni trogen source: N trogen (N,), which conprises approximately 78% of the
Earth’s atnosphere, enters the PHOSter |1 ™ renediation system by way of
an air conpressor. \Wen the original acceptance of the PHOSter process
was i ssued in August 1997, it was not known that atnospheric nitrogen
could play a role. eCGeo has since indicated that in the mgjority of
cases, the mcroorganisns are capable of directly utilizing the diatonic
nitrogen nmolecule. In instances where nitrification is not occurring
(nitrates greater than or equal to 0.5 ng/L) bottled nitrous oxi de may be
used as the nitrogen source. N trous oxide readily dissolves in water
1.0 liter of it dissolves in 1.5 liters of water at 20 degrees Centi grade
and 2 at nospheres.

Addi tional food source: |In instances where |low | evels of contam nation
are not adequate to sustain required mcrobiological activity to further
reduce the contam nation | evels, an additional carbon-based food source
may be required. Propane is a very sinple carbon source and can readily
be converted to cell nmass by mcroorganisns. Injection concentrations
wi Il not exceed 5,000 ng/l.

Cleanup tinme: Twelve (12) nonths or nore, depending on site conditions and
the nature of contani nants.

Installation: trailer-nounted.

Desi gn and operating paranmeters: Renedial Action Plans prescribing the
PHOSt er system shoul d include all pertinent design and operating
paraneters, including but not necessarily limted to: radius of

i nfluence; nunber of injection cycles per day; nunber of injection wells;
location of injection wells; injection gas flow rates; the mass of
petrol eum contam nants to be renediated; the mass of nutrients to be
injected over the |life of the project; injection pressure; well
construction details; a sanpling plan, including a pre-renediation
background sanpling for nitrates, nitrites, and phosphorus; and the
estimated cl eanup tine.

Pul sing: Injection of vapor-phase nutrients is pulsed on a tinmed cycle to
keep m croorganisms fed at an optinmumrate. Too little nutrient addition
causes themto die, while too nuch will be wasteful. For active

petroleumsites in Florida, the vapor-phase nutrient pulse rate is at

| east every three (3) to six (6) hours. The strategy of the PHOSter
systemis to inject vapor-phase nutrients in small enough timed intervals
and quantities to keep the mcroorganisns fed at an optimumrate.
Therefore, very little injected material is wasted, and the risk of
overdosing is minimal, which in turn nminimzes the risk of injecting
unnecessary and excessive quantities of nitrogen and phosphorus into the
aqui fer. Likew se, the sanme reasoning can be applied to propane when it
is used.
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Sites: The PHOSter Il ™system has been used by eGeo Services at sixteen
(16) petroleumsites in Florida, Georgia, South Carolina and
Pennsyl vani a.

Equi prent: An air compressor, nutrient delivery system controls, and a
programmabl e | ogic controller (PLC) are totally enclosed in a | ockabl e
cargo trailer that is forced-air ventilated. A refrigerated conpressed
air dryer is used to cool and dry the conpressed air, and a filter is
used to renove oil prior to injection.

Tri et hyl phosphate: This conpound is also known as triethyl ester
phosphoric acid. Its vapor pressure is 1 mllineter of mercury (nm Hg)
at 39°C. It has been indicated to the Departnent that m croorgani sns
utilize the phosphorus conmponent of this nolecule as a nutrient, and
consunme the ethyl groups as a food source.

Phosphorus: There are no groundwater or primary or secondary drinking
wat er standards for phosphorus. For reference purposes only, it may be
hel pful to know that the European Econom ¢ Community guide level is

400 micrograns per liter (ug/L), as P,O, for drinking water, and that a
recent surficial aquifer sanple at a petroleumrenediation site in

Vol usi a County contained 1,200 ug/L of naturally occurring phosphorus, as
PQ,. This concentration may not be unusual for Florida.

Advant age of vapor-phase injection: Quicker and nore thorough di spersa
of nutrients can occur if they are injected in the vapor-phase, rather
than as liquids or solids, especially at sites where perneability of the
soil is low. For a petroleumtest site in Aiken, South Carolina, where
significant contani nant reductions were obtained in 131 days, the soi
perneability was relatively low 108 cnf.

Radi us of influence: A pilot test to deternmine a site-specific radius of
i nfl uence, for design purposes, may be necessary. Such a test could be
nore of a quick and i nexpensive pressure sensing at various distances
froman air injection point, and not an expensive in-depth study
resenbling a treatise on biorenedi ation. The Bureau of Petrol eum Storage
Systens does not object to the bypassing of a radius of influence pilot
test if there is enough experience and data on hand from geol ogically
simlar sites in Florida. The decision, however, should be nmade on a
case-by-case basis, involving both the preparer of a renediation plan and
the technical reviewer. The radii of influence for petroleumsites in

| ndi ant own, Ponpano Beach, Marianna, DeLand and M am were 36 feet, 50
feet, 53 feet, 65 feet, and 80 feet, respectively. The delivery system
produci ng those radii for those sites operated at 1 to 3 standard cubic
feet per mnute (scfm and 15 to 20 pounds per square inch (psi).

Air emissions: No air enissions nonitoring i s necessary for the PHOSter

system since injection gas flow rates are not intended to be high enough
to volatilize appreciable amobunts of petrol eum
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ENCLOSURE 3 PHOSter 1™
July 22, 2002

Fl ori da Departnment of
Menor andum Envi ronnent al Protection

TO Ri chard Deuerling, Miil Station 3530
Di vi sion of Water Facilities
Under ground | njection Control Section
Fl ori da Departnent of Environnental Protection
2600 Blair Stone Road, Tall ahassee, FL 32399-2400

FROM (Note 1.)

DATE:

SUBJ: Proposed Injection Well(s) for In Situ Aquifer
Renedi ation at a Petrol eum Renedi al Action Site

Pursuant to Rule 62-528.630(2)(c), F.A C, inventory information is hereby provided
regarding the proposed construction of tenporary injection well(s) for the purpose of
in situ aquifer remediation at a petrol eum contaminated site.

Site name:
Site address:
City/ County:
Latitude/ Longi t ude:
FDEP Facility Nunber:

Site owner’s nane:
Site owner’s address:

Well contractor’s nane: (Note 2.)
Wel |l contractor’s address:

Brief description of the in situ injection-type aquifer renediation project:

Summary of mmj or design considerations and features of the project:

Areal extent of contamination (square feet):
Nurber of injection wells:
Conposition of injected fluid (Note 3)
(ingredient, wt. %:

Injection volune per well (gallons):
Single or multiple injection events:
Injection volune total (all wells, all

events):

uic_2.doc
Revised 3/16/00



Ri chard Deuerling Site nane:
Page Two FDEP facility no.:
Dat e:

A site map showing the areal extent of the groundwater contam nation plume, and the
| ocation and spacing of injection wells and associated nmonitoring wells is attached.

The following is a summary description of the affected aquifer:

Narme of aquifer:
Depth to groundwater (feet):
Aqui fer thickness (feet):

The injection well(s) features are summari zed bel ow, and/or a schematic of the
injection well(s) is attached.

Di rect - push or Conventi onal (circle the appropriate well type)
Di aneter of well(s) (i.e., riser pipe & screen)(inches):
Total depth of well(s) (feet):

Screened interval: to feet bel ow surface
G outed interval: to feet bel ow surface
Casing dianeter, if applicable (inches):

Cased depth, if applic.: to feet bel ow surface
Casing material, if applic.:

The in situ injection-type aquifer renediation plan for this petrol eum contani nat ed
site is intended to neet the groundwater petrol eumcleanup criteria set forth in
Chapter 62-770, F.A.C. Additionally, all other groundwater standards will be net at
the time of project conpletion for any residuals associated with the ingredients of
the injected renediati on products, and any by-products or internmedi ates produced as a
result of the chemical or biochem cal transformation of those ingredients or the
contami nating petroleumduring their use. Applicable primary and secondary drinking
wat er standards are set forth in Chapter 62-550, F.A C., and additional groudwater
quality criteria are set forth in Chapter 62-520, F. A C

The remedi ation plan estimates that site remediation will take __nonths. W
will notify you if there are any nodifications to the remedi ation strategy which wll
affect the injection well design or the chemical conposition and volune of the

injected renedi ation product(s).

The proposed renedi ati on plan was approved on __ by an enforceabl e approval
order. A copy is attached. The renediation systeminstallation is expected to
commence within 60 days. Please call mmat __ if you require additional

i nformati on.

Note 1. Local prograns are not authorized to approve underground injections into aquifers.
Reason: Per agreenent with EPA, the FDEP cannot del egate this authority. Local prograns,
after reviewing a Renmedial Action Plan or an injection proposal docunent, should follow
the instructions in a March 16, 2000 menorandumto arrange for Departnent headquarters’
execution of an approval order, and then conplete this form This formis primrily for
use by state and | ocal programtechnical reviewers, but petrol eumrenedi ati on contractors
may fill in all blanks except those |abeled “FROM, “DATE’, and “approval date”, and
“tel ephone nunber” blanks in the |ast paragraph. Those bl anks should be conpleted only by
a state or |ocal programreviewer.

Note 2. If an injection well installation contractor has not yet been selected, then indicate the
name and address of the project’s general renediation contractor/consultant.

Note 3. Conpl ete chemical analysis of injected fluid is required by Chapter 62-528, Florida
Administrative Code. Proprietary fornulations shall neke confidential disclosure.
Injected fluids nmust neet drinking water standards of Chapter 62-550, F.A C., unless an
exenption or variance has been granted.
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