Department of
Environmental Protection

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

Decenber 3, 2002

M. Mchael D. Lee, Ph.D.

Terra Systens | ncorporated

1053 Phi | adel phia Pike, Suite E
W nmi ngton, Del aware 19809

Re: Emul sified Soybean O Lecithin (ESCL)
Dear M. Lee:

The Florida Department of Environmental Protection hereby accepts Emulsified
Soybean G| Lecithin (ESOL) as a product for in situ anaerobic biorenedi ation of
chl ori nated hydrocarbons and other suitable contam nants in groundwater and
soil. ESO., a U S patented product, is an enul sion containing nostly soybean
oil, lecithin, and water, with smaller amounts of yeast extract, sodiuml actate,
and a very small anount of sodiumbromde as a tracer. Wth the exception of

t he sodi um bronide tracer, the conponents of ESOL are either generally

recogni zed as safe (GRAS) food-grade substances or already recognized by the
Department as remnedi ation reagents. Typical application rates are in the range
of 100 to 500 gallons per injection point, although nore or |ess may be required
dependi ng on site-specific conditions.

Al t hough this acceptance applies only to the jurisdiction and the renediation
needs of this Departnent, other state agencies and | ocal governnents may choose
to recognize it if their needs and regulations are sinmlar. This Departnent,
however, is not responsible for applications beyond its jurisdiction

For in situ groundwater renedi ation, via direct injection of ESOL into an

aqui fer, there are underground injection control (U C) regulations that nust be
observed. Since in situ aquifer renediation via injection is likely to be the
nost common application of this product, the bulk of the regulatory requirenents
di scussed herein will be directed to that topic.

The Departnent recognizes ESCL as a viable product for the biorenmedi ati on of
contam nated sites in Florida. There are no objections to its use provided:
(a) the considerations of this letter are taken into account; (b) a
site-specific Renedial Action Plan is approved by the Departrment; and (c) a
tenporary zone of discharge variance fromrule 62-522.300(3), Florida

Admi ni strative Code (F.A.C.) is obtained for total recoverable petrol eum
hydr ocarbons (TRPH), due to the soybean oil, when the enulsion to be injected
contains nore than 5 mlligrans per liter (ng/L) TRPH, which is the mninum
groundwater criterion for TRPH per Chapter 62-777, F.A.C. Mnitoring of
groundwat er before and after injection will be one of the ternms of such a
variance when granted.

For ot her conponents of ESOL that do not neet the underground injection control
requi renents of Chapter 62-528, F.A C, rule 62-522.300(2)(c), F.A C, applies.
In order to comply with this rule, a Departmnent-approved Renedial Action Plan
proposi ng the use of ESOL nust: (a) identify the primary and secondary dri nking
wat er standards that are not net by the ESOL fluid to be injected; (b) indicate
the size and duration of a tenporary zone of discharge for those primry and
secondary drinking water paraneters; and (c) address groundwater nonitoring of
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those primary and secondary drinking water paraneters before and after
injection. For ESOL, the primary and secondary drinking water paraneters to be
addressed pursuant to rule 62-522.300(2)(c), F.A. C. are total dissolved solids,
sodium and chloride (a by-product of the degradation of chlorinated
hydrocarbons). For the small anount of sodi um bromi de tracer in ESOL (0.013%,
the departnent will require that the groundwater be nmonitored before and after

i njection of ESOL for brom de.

VWil e the Departnent of Environnental Protection does not provide endorsenent of
specific or brand name renedi ati on products or processes, it does recognize the
need to deternine their acceptability froman environnmental standpoint with
respect to applicable rules and regul ations, and the interests of public health,
safety and welfare. Vendors must then market the products and processes on
their own nerits regardi ng performance, cost and safety in conparison to
conpeting alternatives in the nmarketplace. 1In no way, however, shall this

regul atory acceptance letter be construed as Departnent certification of
performance. Additionally, the Department enphasizes a distinction between its
regul atory “acceptance” and approval. Products and processes are accepted but
they are not approved.

Also, it is not a requirement that a particular 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, mnust contain sufficient

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

Adm ni strative Code.

Those who prepare Renedi al Action Plans are advised to include a copy of this
letter in the appendi x of plans they submt, and call attention to it in the
text of their document. 1In this way, technical reviewers throughout the state
will be inforned that you have contacted the Departnent of Environnenta
Protection to inquire about the environnental acceptability of ESOL. To aid
those reviewers, the Florida Departnent of Environnental Protection provides
environnental and regulatory information as enclosure 1. Enclosure 2 contains
suppl enental information about ESQOL.

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

Addi tionally, Departnment 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 treatnment or cleanup techniques in any particular case. 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 850/245-8911 if there are any questions.

Si ncerely,

Ri ck Ruscito, P.E
Di vi si on of Waste Managenent

12/ 3/ 2002
ppl #194
i nn_093. doc
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ENCLOSURE 1

ESOL: ENVI RONMENTAL AND REGULATORY | NFORMATI ON

ESOL applications, the nmajor environnental and regul atory considerations

are provi ded bel ow.

a.

Groundwat er cl eanup standards: The onus shall be on users of ESOL to
ensure that all applicable groundwater standards will be net, at the tinme
of project conpletion for chlorinated hydrocarbons and any ot her

contam nants of concern, any residuals associated with the ingredients of
ESCL, and any by-products produced as a result of chemical or biochem ca
reactions involving those ingredients. The follow ng chapters of the

Fl orida 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
groundwat er cl asses and standards, and mininumcriteria; Chapter 62-522,
F.A.C., for groundwater permitting and nonitoring requirenents; Chapter
62-528, F.A.C., for underground injection control, particularly Part V,
for Class V, Goup 4 aquifer renediation projects; and Chapter 62-777,
F. A C, also for mnimmgroundwater criteria.

A noteworthy aspect of the minimnumcriteria 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, mnmutagenic, teratogenic or toxic to human beings.
In effect, these “free fronf requirenents 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 contam nant.

Injection well permt: The issuance of a site-specific Remedial Action
Pl an Approval Order by the Florida Departnent of Environnental
Protection, for renmediation via injection of ESOL into an aquifer,
constitutes the granting of the state’'s permit for a Class Vinjection
wel | .

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., pursuant to underground injection
control Rule 62-528.600(2)(d), F.AC A fluid that does not neet the

i njection standards of Chapter 62-528, F.A.C., may need to do either or
both of the follow ng, depending on its conposition: (a) be granted a
variance for a tenporary zone of discharge; (b) conply with rule
62-522.300(2)(c), F.AC

Variance paraneter to be nonitored: A variance, when granted by the
Fl ori da Departnment of Environmental Protection to Terra Systens
I ncorporated for a tenporary zone of discharge for the injection of ESOL

at the least, will require groundwater nonitoring of total recoverable
petrol eum hydrocarbons (TRPH) before and after the injection of ESCOL, due
to the soybean oil. Wthin the zone of discharge and the period of tine

specified by the variance, a tenporary departure fromthe 5 milligram per
[iter m ninmumgroundwater criteria set forth in Chapter 62-777, F.A C
for TRPH will be tolerated when ESOL is injected for renediation
purposes. By the end of the period, the groundwater mnust neet the

requi red values for TRPH, or the natural-occurring background val ue for
it at a given remediation site, whichever is |less stringent.

If the variance granted by the Departnent is a general variance (i.e. not
site-specific) then the variance is “portable” and may be applied to each
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site-specific ESOL Renmedial Action Plan subnitted in the future. In
this way, Terra Systenms Incorporated does not have to petition for a new
variance each tine ESOL is proposed for the renediation of a site
provided there is no deviation fromthe terms of the variance.

O her paranmeters to be monitored: Rule 62-522.300(2)(c), F.A.C., applies
to ESCL and requires each Renedial Action Plan to address groundwater
nonitoring for the follow ng paraneters, which are listed along with their
respecti ve groundwat er standards: total dissolved solids, 500 ng/L;
chloride, 250 ng/L; and sodium 160 ng/L. These paraneters should be

noni tored before and after injection

For the very small anmount (0.013% of sodium bronide tracer in ESOL, the
groundwat er shall be nmonitored for brom de before and after the injection
of ESOL. The target concentration of brom de, by the conpletion of the
renmedi ati on project, shall be 0.05 ng/L or less, which is the
concentration of bromde in “source water” for drinking water systens.
This target concentration qualifies drinking water systens for reduced
brom de nonitoring, pursuant to 40 CFR (Code of Federal Regul ations),

Part 141 - National Prinmary Drinking Water Regul ations. Although the
nmonitoring for bronmide, and its 0.05 ng/L threshold concentration per

Nati onal Primary Drinking Water Regul ations, arises nmainly as a concern
for bromate (BrQ;) when ozone is used for disinfection, the Departnent
reasons that this concentration should be a target for renediation sites
as well. For information and conparative purposes, seawater contains
approximately 65 ng/L bromne. Additionally, for information and

conpar ative purposes, per 40 CFR Part 141, the national primary drinking
wat er maxi mum contam nant |evel for bromate (Br&;’) is 0.010 ng/L. The
Canadi an i nteri m maxi mum accept abl e concentration for bromate in water as
of January 1999 is also 0.010 ny/L.

Uilization of wells: |If a renediation site happens to have an abundance
of nmonitoring wells, then the Departnent has no objection to the use of
some wells for the application of ESOL. However, no “designated”
nonitoring well, dedicated to the tracking of renedi ati on progress (by
sanpling) shall be used to apply ESO.. This will avoid premature
conclusions that the entire site neets cleanup goals. By making sure

t hat 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 i nmedi ately
surroundi ng each injection well.

Additional nutrients: |[If, in the future, either Terra Systens

I ncorporated or a user of ESOL decides to augnment ESOL with other
nutrients and/or chemcals, the injection of such nutrients and ot her
chemicals into an aquifer must also be in accordance with the underground
injection control requirements of Chapter 62-528, F.A C., which requires
that injected substances neet the drinking water standards set forth
Chapter 62-550, F.A.C., and the mni mum groundwater criteria of Chapter
62-520, F.AC If ESOL is augnented with comrercially avail abl e

m croorgani sns, then those m croorgani sns shall be non-pathogenic.

Underground injection control nonitoring: Total recoverable petrol eum
hydr ocar bons (TRPH) and any ot her chemical species covered by a zone of

di scharge variance granted for ESCL shall be nonitored in accordance with
the terns of such a variance, which are usually before and after

i njection, and includes the neasurenent of a site’s natural -occurring
background | evel s of those species. Additionally, for ESOL, per rule
62-522.300(2)(c), F.A C, groundwater nonitoring nust be addressed in a
Depart nment - approved Renedi al Action Plan for total dissolved solids,
chloride, and sodium Bromide shall be nmonitored as well.
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The purpose of groundwater nonitoring for ESCL chem cal species before
injection is to establish the natural -occurring background concentrations
of those species at the site. The purpose of groundwater nonitoring
after injection is to show that the nonitored ESOL paraneters, by the
time of project conpletion, nmeet their respective groundwater criteria or
do not exceed their natural -occurring background | evels, whichever is

| ess stringent.

Underground injection control inventory: Renedial Action Plans

prescribing in situ aquifer injection-type renediation shall include
i nfornmati on pursuant to Rule 62-528.630(2)(c)1 through 6, F.A C., for the
i nventory 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 nenorandum outlining
the inventory information about injection-type aquifer remediation plans
to be transmtted by Departnment reviewers, to the Underground Injection
Control Section, is provided as enclosure 3. Only the Departnment,
including its district offices, may approve in situ injection-type
renmedi ati on plans for which the approval constitutes a Class V injection
permt; local prograns are not authorized to grant such approvals. See
encl osures 2 and 3.

Qper ati on:

1. Avoidance of migration: For in situ injection-type aquifer
remedi ati on projects, injection of ESOL shall be perforned in such a
way, and at such a rate and volune, that no undesirable migration of
either the product’s ingredients or the contaminants already in the
aquifer results, pursuant to Rule 62-528.630(3), F.AC

2. Underground injection control operating pernmit: Although an
operating permt is not required for aquifer renediation wells
pursuant to Rule 62-528.640(1)(b), and 62-528.640(1)(c), F. A C
since no novenent of the contanmination plunme is expected to acconpany
the ESOL treatnent process, the Departnent requests that the
information itens listed in Rule 62-528.640(1)(b), F.A C, be
considered and included in Renmedial Action Plan proposals as a matter
of good and thorough design practice. Briefly summarized, they are:
quality of water in the aquifer; quality of the injected fluid;
exi sting and potential uses of the affected aquifer; and well
construction details. Additionally, each Renedial Action Plan shoul d
clearly indicate the total volune of ESOL that will be injected.

Abandonment of wells: Upon issuance of a Site Rehabilitation Conpletion

Order, or a declaration of “No Further Action”, injection wells shall be

abandoned pursuant to Section 62-528.645, F.A C. The Underground

I njection Control Section of the Departnent shall be notified so that the
injection wells can be renmoved fromthe inventory-tracking list.
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ENCLOSURE 2

ESOL: SUPPLEMENTAL | NFORMATI ON

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

a.

Depart ment of Environnmental Protection reviewers of in situ injection-type
aqui fer remedi ati on plans, regardl ess of whether in Tallahassee or

district offices, nust fill in the blanks on the encl osure 3 menorandum
whose subject is “Proposed Injection Wll(s) for In Situ Aquifer
Renedi ati on at a Renedial Action Site”. The conpleted form nust be

submitted to the Underground Injection Control Section at 2600 Blair
St one Road, Tall ahassee, Florida 32399-2400.

Only the Departnent and its district offices may approve in situ

i njection-type remedi ation plans in which the approval constitutes the

i ssuance of a Class Vinjection pernmit; local prograns are not authorized
to grant such approvals. Reason: Although an arrangenent between the
Envi ronnental Protection Agency and the Department del egates underground
injection control authority to the Departnent, it does not allowthe
Departnment to delegate that authority any further. This includes

del egation to the Departnment’s contracted renedi ati on revi ew agenci es
such as those operated by the counties and other |ocal governnents.

Dosage and application rate: Terra Systens Incorporated indicates that
the theoretical dosage of soybean oil, the key conponent of ESQ., is
establ i shed by the el ectron demand of the contami nants to be
dechlorinated. (ESCL is 10-20 percent soybean oil.) An exanple provided
by Terra Systens is for perchloroethylene (PCE). One(1) gram of soybean
oil will support the biodegradation of 7.9 grans of PCE. As indicated by
Terra Systens, the biodegradation of 1 gramof the oil provides

approxi mately 0.38 electron equivalents. One nole of perchloroethyl ene
requires 8 electron equivalents or 0.048 electron/g PCE. If all the

el ectrons fromthe soybean oil were used for PCE dechlorination, then

1 gramof the oil would support the biodegradation of 7.9 granms of PCE
The sane reasoning applies to other contami nants to be degraded. The
Depart ment suggests that users of ESOL consult Terra Systenms for the
determ nati on of dosages for site-specific conditions.

As for the application rate, Terra Systens indicates that a typical rate
for ESOL is in the range of 100 to 500 gallons per injection point. For
rul e-of -t hunb purposes only, ESOL applied to sand and gravel aquifers has
had an observed radius of influence of at |east 30 feet fromthe point of
injection. The departnment suggests that users take into account their
own site-specific conditions to determne if the radius of influence for
their cleanup project will be nore or | ess than 30 feet.

Degradati on products: Terra Systens |Incorporated indicates that the |ong
chain fatty acids in ESOL are degraded to sinpler compounds such as
acetic acid, propionic acid, and butyric acid by anaerobic bacteria.
These conmpounds are further degraded to rel ease hydrogen and el ectrons
that are used by dechlorinating bacteria to renove chlorides, resulting
in the production of relatively innocuous products such as ethane and

et hene.

Cleanup tinme: Like any other product or process, the cleanup tine for
ESOL depends on site-specific conditions, so no attenpt will be nmade by
the Departnent to present cleanup tines as absolute. It was indicated
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that chlorinated sol vent contani nants at one site where ESOL was applied
decreased to non-detect levels in as little as 3 nonths. Another site
had a 66% reduction 16 nonths after a single application of ESOL, and a
second application has since been applied to continue the cleanup. A
barrier-type application of ESOL has al so been underway now for

18 months, for which reductive dechlorination of trichloroethylene to

ci s-di chl oroet hyl ene has been observed, but further dechlorination to
vinyl chloride and ethene or ethane has been Iimted. In this case,
Terra Systens intends to force the dechlorination to conpletion by the

i ntroduction of bioaugnmentation
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Fl ori da Department of
Menor andum Envi ronnent al Protection

TO Ri chard Deuerling, Mail Station 3530
Di vision of Water Facilities
Under ground | njection Control Section
Fl ori da Departnent of Environnental Protection
2600 Blair Stone Road, Tallahassee, FL 32399-2400

FROM (Note 1.)

DATE:

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

Pursuant to Rule 62-528.630(2)(c), F.A C, inventory information is hereby provi ded
regardi ng the proposed construction of tenporary injection well(s) for the purpose of
in situ aquifer remediation at a contaninated site.

Site name:

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

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

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

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

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

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

I njection 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 contamination plunme, and the
| ocation and spacing of injection wells and associated nonitoring wells is attached.

The following is a sumary description of the affected aquifer:

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

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

Di rect - push or Convent i 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
Grouted 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 renmediation plan for this contanmi nated site is
intended to nmeet the groundwater cleanup criteria set forth in Chapter 62-777, 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

renedi ati on products, and any by-products or internedi ates produced as a result of the
chemi cal or biochemni cal transformation of those ingredients or the contaninants during
their use. Applicable primary and secondary drinking water 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 renediation will take __ mont hs. W
will notify you if there are any nodifications to the renedi ation strategy which wll
affect the injection well design or the chemi cal conposition and volunme of the

injected remedi ati on 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 ne at __ if you require additional

i nformation.

Note 1. Local prograns are not authorized to approve underground injections into aquifers.
Reason: Per agreement with EPA, the FDEP cannot del egate this authority. Local prograns,
after reviewing a Renedial Action Plan or an injection proposal docunent, should follow
the instructions in a March 16, 2000 menorandum to arrange for Department headquarters’
execution of an approval order, and then conplete this form This formis primarily for
use by state and local programtechnical reviewers, but renediation contractors may fill
in all blanks except those |abeled “FROM, “DATE’, and “approval date”, and “tel ephone
nunmber” 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
Admini strative Code. Proprietary formul ations shall nake confidential disclosure.
Injected fluids nmust meet drinking water standards of Chapter 62-550, F.A C., unless an
exenption or variance has been granted.
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