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. Larry Presley

Cl earwat er | ndustries
7028 Pelican Island Drive
Tanpa, Florida 33634

Re: R 2000 Sol ar Photocatal ytic Oxidation System
Dear M. Presley:

The Bureau of Petrol eum Storage Systens hereby accepts the

R 2000 Sol ar Photocatal ytic Oxidati on System as an innovative
technology for the treatnment of recovered groundwater from
petrol eum contam nated sites. Although the concerns of this
bureau are chiefly associated with petrol eum renedi ati on, we note
your indication that the system al so destroys other environnental
contam nants such as herbicides, pesticides, chemcal fertilizer
runoff, and | eachate from nmunici pal and industrial landfills.
This letter supersedes the original July 23, 1998 acceptance
letter issued for the R 2000 system the only change bei ng that
of the inside address, which is now Cl earwater |ndustries and no
| onger Resol ution Financial Corporation.

R 2000 is an aboveground batch treatnment process. The first step
in that process is to punp a specific volune of groundwater

(500 gallons for exanple) into a tank, where it is mxed with
powdered titani umdi oxide (a catalyst) to forma slurry of
approximately 0.1 percent titaniumdioxide by weight. 1In the
second step, a punp recirculates the slurry between the tank and
a bank of sol ar photoreactor panels (configured in parallel) for
a predeterm ned period of treatnment tine. The treated slurry
batch is then transferred to a settling tank, where gravity
causes the titaniumdi oxide catalyst to settle, before the
supernate is renoved and di scharged as clean effluent. The
process then repeats itself.

The bureau has no objections to the use of R 2000 for the
remdi ati on of petrol eum contam nated sites pursuant to

Chapter 62-770, Florida Adm nistrative Code, provided: (a) the
considerations of this letter are taken into account; (b) a site
speci fic Renedial Action Plan is approved by the Departnent; and
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(c) the site specific plan includes a cost analysis that shows

R 2000 is the nost cost-effective cleanup nethod in conparison to
other viable alternatives, taking into account the sum of al
construction, operating, maintenance and sanpling costs over the
expected project life (site cleanup tine) for each alternative.

Wil e the Departnment of Environmental Protection does not provide
endor sement of specific or brand name renedi ati on products or
processes, it does recognize the need to determne their
acceptability froman environnental standpoint with respect to
applicable rules and regul ations, and the interests of public
health, safety and welfare. Vendors nust then market the
products and processes on their own nerits regardi ng performance,
cost and safety in conparison to conpeting alternatives in the
mar ket pl ace.

Preparers of Renedial Action Plans may include a copy of this
letter in the appendi x of plans they submt, and call attention
toit in the text of their docunment. 1In this way, technica
revi ewers throughout the state will be inforned that you have
contacted the Departnment of Environnmental Protection to inquire
about the environnmental acceptability of R 2000. To aid those
reviewers, the Bureau of Petrol eum Storage Systens provides
suppl emrental information as encl osure 1.

The Departnent reserves the right to revoke its acceptance of a
product (or process) if the nature or conposition of either or
any of its principal and proprietary ingredients, or its
performance has been falsely represented. Additionally,

Depart ment 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. A site specific evaluation of applicability and
cost-effectiveness nust be considered for any product or process,
whet her conventional or innovative, and adequate site specific
design details nmust be provided in Renedial Action Plans. You
may contact nme at 850/487-3299 if there are any questions.

Si ncerely,

Rick Ruscito, P.E
Bureau of Petrol eum Storage Systens
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C: Yogi Goswani, Ph.D.
Departnment of Mechani cal Engi neering
P.O. Box 116300, MEB 237
Uni versity of Florida
Gai nesville, Florida 32611-6300

Ji m Kl ausner, Ph.D.

Depart ment of Mechani cal Engi neering
P. 0. Box 116300, MEB 237

Uni versity of Florida

Gai nesville, Florida 32611-6300

Tom Conrardy - FDEP/ Tal | ahassee

Hi story:

inn_019. doc
7/ 23/1998

inn_019a. doc
7122/ 2002
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ENCLOSURE 1

SUPPLEMENTAL | NFORMATI ON REGARDI NG THE R 2000 SYSTEM

The informati on bel ow may be hel pful to reviewers of Renedi al
Action Plans prescribing the R 2000 system but should not be
construed as the only considerations to be taken into account
when reviewi ng an R 2000 renedi ati on pl an.

1. Titaniumdioxide (TiQ): Titaniumdioxide is a solid white
powder that is insoluble in water. It is used comercially
in toothpaste, as a food additive, and as the white pignent
in exterior paints. The literature indicates that in dry
form it can sonetines be a mld skin irritant to humans.
Tests perfornmed on rats, by injecting doses that were 260 and
360 mlligranms per kilogram of body weight, intermttently
for a period as long as 2 years, could not conclude if it
causes tunors.

G ven the commercial uses of titaniumdioxide, the results of
animal tests, its insolubility, its confinenent to the

equi pnent itens of the treatnent system and that it will be
separated fromthe treated slurry prior to effluent disposal
t he Bureau of Petrol eum Storage Systens believes that the
public health risk posed by an R 2000 systemis | ow.

2. Chemcal reactions: A mxture of contam nated groundwater
and titaniumdi oxide catalyst recirculates as a 0.1 %slurry
t hrough an R 2000 sol ar panel loop. Utraviolet radiation
striking the panel excites the catalyst, thereby creating
hydroxyl radicals fromsone of the water nol ecules. These
hydroxyl radicals are reactive, and they in turn oxidize
contam nants, such as petroleum to carbon dioxide and water.
The titanium di oxi de catalyst is unaffected by the reaction.
If the contam nant is a chlorinated organi c conpound, then
the reaction products will include chlorides.

3. Free product: Although chem cal oxidation reactions are
capabl e of destroying free petrol eum product, it nmay be
desirable to consider the anbunt of free product that is
present on a site by site basis, to determ ne whether or not
recovered groundwat er shoul d be passed through an oil/water
separator before it enters the recircul ating sol ar treatnent
| oop.

4. Maxi muminfluent concentration: R 2000 information presented
to the bureau did not indicate if there is a maxi num
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contam nant concentration that can be handl ed by the system
At a petroleumrenediation test site, however, the influent
cont ai ned approxi mately 2,600 parts per billion BTEX

Catalyst life: It is suggested that Renedial Action Plans
prescribing the R 2000 process include an estimate of the

useful life of the titaniumdioxide catalyst, and provide for
periodic inspection of its condition, and replacenent if
necessary to avoid effluent quality violations. It is the

under standi ng of the bureau that, while the catalyst is
unaf fected by reactions which occur, its effectiveness can be
reduced over time, possibly fromcoating of its surface.

Catal yst contai nnent: “Washout” of approxi mately 10 percent
of the catalyst has occurred at a Tyndall Air Force Base
testing of the R 2000 system Therefore, Renedial Action

Pl ans prescribing this system should provide for better
cont ai nment of catal yst during the effluent disposal step if
such a solids loading will clog a recharge gallery over tine.
Afilter at the effluent pipe may help to prevent this |oss
of catalyst to a gallery.

Catal yst disposal: It will usually be the case that spent
catal yst fromthe R 2000 process does not require disposal as
a hazardous waste. In the event that catal yst does becone

contam nated to the point that it is a hazardous waste, then
it should be properly disposed.

Design and operating paraneters: Renedial Action Plans
prescribing solar photocatal ytic oxidation should indicate
the pertinent design and operating paraneters, such as:
illumnation intensity, pH, the concentration of inorganic
ions, and the concentration of organic reactants. The
illumnation intensity cited for a test system (for a cloudy
day) was 31 watts per square neter. Additionally, plans
shoul d i ndicate the overall average flow rate at which
groundwater wi |l be processed; the instantaneous flow rate of
slurry through the recirculating solar treatnent |oop; batch
size; and the estinmated treatnent tine per batch.

The bureau believes that batch treatnment tine nay have to be
based on a worst case situation (the | owest expected

radi ation intensity) to ensure an adequate degree of
treatnment, in order to avoid effluent quality violations.

For information purposes, the recirculation tine at a
petroleumrenedi ation test site was 2 to 3 hours for an

i nfluent batch containing approxi nately 2,600 parts per
billion BTEX
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Design and construction details: As in the preparation of
any Renedi al Action Plan, the bureau expects all plans
prescribing the R 2000 systemto include all the pertinent
details described in the Renedial Action Plan Checklist for a
punp-and-treat system such as |ayout, piping, valves,
instrunmentation, etc.

Sol ar panel orientation: The manufacturer of the R 2000
sol ar photoreactors indicates that the panels wll be
effective if they are installed at an angle that is
approximately 15 degrees fromthe horizontal and facing
sout h.

Optim zation: Unless there is a beneficial effect on site

cl eanup tine by the stop-and-go recovery and treatnent of
groundwater on a batch basis, it may be worthwhile and cost-
effective -- and perhaps even necessary -- for designers to
optimze an R 2000 setup, to ensure that contam nants are
continuously renoved fromthe subsurface. One way to create
a continuous recovery of groundwater would be to use nultiple
t anks, piped and operated in such a way that while the first
tank is filling, the second is treating, the third is
settling catalyst, and a fourth is discharging effluent.

Al so, if a “once-through” system can be devel oped in the
future to replace the batch system then there would no

| onger be a need to worry about mnimzing “dead tine” in the
recovery of groundwater.

Operating factor: The bureau assunes R 2000 systernmns,
operating unattended in batch node at renedi ation sites for
periods up to one nonth, nust be fully and reliably
automated. To ensure a high operating factor (m nim zation
of downtine) this nmay require closer attention during the
design of a control schenme, since |level switches, tiners,
control valves, solenoid valves, interlocks, and instrunented
shutdowns will play a nore inportant role in this type of
system in conparison to their role in a nore conventiona
treatment process. Designers may want to consider a degree
of redundancy (or in-line spares, high-high |evel sw tches,

| owlow |l evels switches, etc.) for controls and instrunents
itenms whose failures will halt or severely disrupt the
operation. It may al so be prudent to include telenetry (with
renmote control capability) for user intervention

Ef fluent sanpling: The Bureau of Petrol eum Storage Systens
bel i eves there may be unique effluent sanpling considerations
for R 2000 systens, for which sone degree of catalyst washout
occurs with each batch of effluent disposed, and where the
catal yst can becone coated over tine and | oose sone of its
ef fectiveness. For such a situation, and especially since



R 2000
July 22, 2002

R 2000 nust operate automatically and unattended for at |east
a nonth at atinme, it may be inportant to know that a
decrease in system perfornmance, due to washout and/or | oss of
catal yst, has not negatively inpacted the quality of the
effluent. The onus shall be on preparers of renediation

pl ans prescribing an R 2000 systemto propose an effl uent
sanpling plan that addresses this concern.



